


CHAPTER ONE 
J GETTING STARTED: 
` INTRODUCTORY 
CONCEPTS AND 
DEFINITIONS 











PROBLEM 1.1 






| | ass enters when 


intake valve ts Open mass exits when exhaust 


alve is open 
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PROBLEM 1.2 


Motor as system; | 
mE electric current flows 


Иа `. , torque transmitted through 
i shaft 







. Speed. of rotation of 
armakure can change 


. temperature of 


(99889 odbc asp BS. овое «әз pp pente. 2да 


| motor p" САМ 
warm surface of f Chany 
motor interacts — 
with surroundings - 
Enlarged system . 
еее = сћетлсал chances ocur 
| within the battery 






* Speed of rotation of 


armature сом change 
. tenerse ef motor 
pa and battery Сал 
change 
- MASS 15 (aXsed. within 


sustem 
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comment: the shaft torque and ourveut How iwereckions. become internal 
to the enlarge system. 


PROBLEM 1,3 


A control volume encloses the solar 
collector. 
e cool water enters thecollector at Ф, 
avd Not water exits at@. 
. solar radiation | meinges on the 
[ront of the collector. 
e Warm surfaces of Wo collector 
Interact with the swrvoundings. 
- some ef the moming radiation 
is refAected. awa a SOY, is 
absorbed үм Wa else sur fore. 





A control volume encloses the solar collector, 

thetank, and the interconnected pi ping 
- Cold water enters the tank at ©, 

and hot water exits at (2. 

: - Warm surfaces of We collector, q 

| storage tank , amd interconnecteel 

p e qp interact with the surround- 

| tank - | 






Ings: | 
| - Solar radiatum рр es on the 
Jont of the collector; some 15 | 
cellected and Some is absorbed. 
REESE e The temperature eC the water 
© in the 9 tone chamges with 


hme. 


PROBLEM 1.4 






| 1 А control volume ес сыге the valve 
© | чече. and turbine. 
! ! б e Steam enters at © and емс at e i 
| "um f cec e A torque is transmaited thrpugh the 
Wess, aA er ii ^o tating М _ 
© ~ Warm — of the turbine inerat 


with the surrobuads 
Wikin the control volume. j — flows across the valve "ier o m tue turbine blades. 


When kne generator (S included wm 4e Contool Volu رع‎ 
e Sleam enters at @ and exits at © í 


. Worm surfaces of the turbine aud Ha generator 
и rot with Ha Surrounds’ 


© @iecwœ curvent flour Ly ov^ X. екет, 


Note that Ha trancmttrd Чосдое does heot cross the boundavy v 
+ жы ач ا ا‎ voluma e 


PROBLEM |. 5. 





id - A conde! volume en clo ses the engine- 
Gases | | M Ро dr viven pomp.: | 

| | + Water enters at Ò and exits at (€) 
= 8 | и e Aw for Combustion of 4^» on-board fuel 


enters, and — ox gases exit. 


LUO ar w^ sur feces ° р pY مہ‎ i^ +eragt 
with d^» Surroundings, 


(o ido — pump, a piston i is Kept w motion ot^ a с оом 


+o cow bush on of the on-leoard fael: The Piston moton ty Utar^ossed 
t pomp tre Liquid, The amount of fuel withiu the system erences wil hwe. 


When the hose and wo33le бла weWwdad, a bush - s peast — 
цес exits the axtended | Co hwl luna 2% the € e^ C , 
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PROBLEM 1. 
system boundary 
- o phases are present (liguid aud gas). 


e. not a pure substance because composition 
is different in each phase. 





system boundary 
- three phases are present ( Solid, liquid and gas) 


- not a pure subtance because composition of 
Gas phases is Af erent than that of the solid 


and liquid pluses | 










The system is a pure sub stance, _ 
Although the 4 is Vaporized , 
the sustem remaius fixed in chem- 
ical Composition and is chemically 
homogeneous. —— | 















The system vá a pure substance. Although 


“a W the phases change ر‎ the system remains of fixed 
Je Chemical composition and is chemically 
< homogeneous. 


The Sy stem iS not a pure sub shance 
duving the process Since the tom- 
dish ot position ot the QQS hase changes 

water 05 Water Evaporates into the aur. 


Once all of the water evaporates, 


the. qas phase Comes +o equi librium 
ола me composition becomes 


homogeneous. At this point the 
phase Bn be treated os o. $ ure substance. 
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PROBLEM |. (0% 





Fa САМ 


PROBLEM l.u* 


e ` 
ё 





Рагау - 2S kN 


PROBLEM 1.12 


m= (o lb 








| the | 
лм mA ( (54 =) Tee WW 


7-163 lb, E 


i600 N 


( kq w [s* 
kN 


ww OM (28 ss) 
— 


9 “(9.8 m/s 








C 41а „ Foray (332) 


| kg: / 52 
m |o ka ANN 


| N 








= 9.5 m/s 2. 0 local 
Cb) Mass is unchanged. 


а 

















| N 
Foray = 9 = (10 kg )(4-81 myc +) 
ү ) 4) | 14-м[5 < 
= 48.1 N Favay 
(a) _ Fev (ae Là 52.20-52 
Jia m (ok | (bf 
= 30.4 ers | J1ocal 





(b) mass is unchanged. e — — 


grav > mg = (10 Ib) (32.2 2 | 1+ 


= 10 bf, Far 





e—a 


PROBLEM 1.14 


Tn 361741, Foray = mg. So 


A 





m = Farav Gk ) 
¢ 
y= 3.5164 I wass *s the Came on mars 45 Orr 
меои = 5.47 ft/s*> ' 
; Ten = Faray 
qu nens unt E mars ( ф Lu 
Accordingly 


(Еу) wavs 7 «= ) ( Farav ря 


=- [12-86 fS 
а Sl e 8.23 lb 
Ge ttle з e) у 


Tha densi?4 to P = м [XM Replying 64. (7) with data on wart 





mz (823 lof \ 322 lb:ftls| ого, ог |b 
12.86 ftls% | Vos 
. Then | 
/ 25 m us 


PROBLEM 1.15 * 
| Eq. is «sed on both parts: n= м (М, Where M ù Кол Tables А-1. 


(ау мъ М n', N= 10 kml 
Aves m= (28.47 kg учо!) (10 kmol) = 284.1 kg 
0: m (48.02 leo /lemol)(lOkmol) = 1 $0.2 kg 
Cur m = (G.S le /k mol) (l0 kmol) S (95S. leg 
GO2t m = (64.06 [са /krol)((0 leol) = 40.0 kg 
(hy ие мим, me 20 lb 
Ar: we (20 bby /(39.99 (b (Ub mol ) = 0.$о\ lb mol 
He: nz (20 tb)/ (2.00 b /(b~el) = 9.924 әј 
М: n= (20 (b /(2@,01 lb / (bel ) = 0.104 enel 
C$ ^ (20 ib) /( (2.01 (b / (b wol) = |, 66S (bwal 
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PROBLEM 1.16 








n 


Fspri * K(AX) З | 
f Thus ` ү * ‘Spring gra * "3 
К (4x) = mg 
pi AX=8cm and 
| mg | 
| — 
| | 0008 ax 
—— C. d mis?) | 1м 
Farv g=4.81 m/s есю _kg-m/s2 | | 
proportionality 


6.131 N/cm a Constant 


PROBLEM 1. iT 


Ў m=: (S lb 
5 < 31,4 f+] s* 









e serina is known Yo deWect О tain 4 | 
* "ec ° WA fov V 
n red force. Thus, We begin by determin Мн Mes д” 








cob ject 
Fara, = MG S 
= (1S \\ 31:4 M/s?) NL MA 
mE 32.2. Ib] s2 


The deflection is 
AX = (0,02 w/b (1.63 tbe) = LAG м ¢ ах 


PROBLEM 1.18 


For a linear spring , pring = K (Ax), where 


Ах lo The. spring extension e Since Spring = 


д ) we have K (Ax) = мд. Since 


| Fray = 
of رە "ىما‎ 


m and К оге inde pendent 
thea Ao atcelerahomn of 4 ra vi T4 < 


pro por fone tz tho d e Hoch m. Thus 


























Wars * 
mar (Ах) mars = Oll Gin > — O. | y £t 
ber. (en - Dm Pee Ct en 
PNE > 13. gasii gm 
moon eem. (Amen sy СА) meon = (deser Cord earth 
A earth (Ax) earth c — 
= 227, 0.231in ) = 0. 644 ѓи 
32.174 
PROBLEM 1.14 Е 
Decelerarww 0CCUWS from 5 will. to vest iu os. The average 
‘ occeleration magnitude iS T 
„| = АС. [к О\|$>@о ft | Lh 
avg At 0.1 5 | mi || 3600S 
| Е = 73.33 +/<°* 
OY in g's | 73 33 Ps | k 
| 0, „Е ДЕ Жн. АБ алыл |S 2.28 's deceleva Oy 
| “9 te — 9 Cin g's) 
Thus, the magnitude of the average force applied i 
(+ 
- ум [а = (So Ib)(43.33 ££ )| 1108. 
m | laus Go (13.33 i) 32.2 lb. fils? 


= 39 Ы 1а 
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PROBLEM 1.20“ 





арр Kapp foray = упа, 
| Барр = Mat mg = "na 
"(eX sese а | ا‎ 
| kg- ме 








medk 24.6 Fa. 
a= 5 — (up) NT EE. 
Faq сом 9 = 9,8l m/s? 


PROBLEM 1.21 * 




















Fapp7 (5 Wf app" — Ma 
| } as Pee- ату Fap- ^0 
| ‹ | | "m | Y^ 
M 5365 |6 Fap | 
G 722.2 Hs? т — ш», | 
Е AS 18| | 32.2 b. | a. " 
асом CUI ib IOTER T" 32.2 ft/s 
C = = 19, C / s^ (downward) — a. 
PROBLEM 1.22 
From Table A-(E : M = 18.02 Ib/Ibmol 
Fgrav = mg= "Mg 
0.5 Ibmol ) (18.02 vd) (26.5 # Ee — 
N 30.5 lbmol M 534 |b£ Era É 3 32.2 1.#[5? 
¥ Молон ae 
Faray q =30.5 5? ` M (0.5)(18.02) _ я и 
iu ~ ons) | = (62.14 Ib/ £42. Save 





PROGLEM 1.2300 esses 
E E. и - Fs pace _ Feart, 
' tear. "I дем ре Jearth 


= ален ist Fee (5), ۵2 اغا‎ 


weiaht Dspace ( 
4 "Wt :4.81 m[s* 268.61 N А Fearth 


l-1o 














PROBLEM 1.2.4 


r nid q= [9.81 - (23 x52) ] m/s* ر‎ 


lom ы: where Z vo Ww м. 


Sa 
i ba — —_— 
— £A a — — — — — ⸗ == 


Since weight vs h= "9, +he percent change * co eas ht Ov. landing Lo 


Weso = 4 
9^ change: | — — (100) 
ise [Tz 


7 ا‎ aie aa ко) со т)] Jen 2 | 33 ані C100) 
ROT (9.81 - (313 x56) (0f) ] | | — — Fz 
| 2 0.3 TZ هص‎ ——— 


PROBLEM 1.25 


uu 30 fH 
I» = 62.4 Ы 
2 = 52. | fis? 





z 
Р The mass of wedev ig wm = eV, where V is the 
volume ef {Ме spherical tank, Thus 


V = SKC = ($) (30 ° = 1.131 xio 5? 
and the mass ts 
| 3 
= gV = (02.4 Briss?) n 
= 1.06 X10" lb m 
The weight is 


| ча д | Uc 
z mg = (1.06 xto (32.1 5) | 32.2 lb. fH s> 





— 


= 7,04 x10" |b Favoy 
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PROBLEM 1.26 


The scale Accords the weisht ر‎ Bro” mg Р where. 


macs "^^ vo given by 


L 
me (РАУ = J paiz 


Vel Ó 
L T 
= A | ( 7800 -3co(z/L) 142 
0 
2 =2 (1. 
Por Ample j introduce A new Variable: Z = z/ J SO 
42- L 42 ond ما‎ RY pro soon for Mase feads 





| ^ 
wm: AL f [ 7800 ¬ :eo( 2). J dz 
0 


À „уз 41 
g= 4. 78 м | 5 *- > AL | 7890 Z – aco lÊ) J. 


P= 7800 — 360(z# jc)” Kg Т 


where 2. iS in M. 


n 


R 
nD 7680 “3 
(22Р )\.] m3 


л (05 m) (2m) (7680 £9 J= $016 К 
E m? 


AH 


— ЕМ |= 24, 446 Na 


| к м [52 





е Рау = Ag = Go eg) ( 4. 78.) 





PROBLEM 1.2) 








z 
i 
| 
i 


523.6 f+? 
15.4 4/1 " 
lf | | 


a 8 = (34.08 (21. 52 Zim 
= 33.39 bf Бау 


у. | 
i ae e = 34,68 lb 
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PROBLEM 1.18% 





i nitally F 





aster CO, is added: during leaking when speafc Volume % V: 


ome 159 m= 80K4 meV lar 


(a) Using а= Vim 


Clo) 








Г . 20w . „2 
miwal speafc volume: V> | = [033 0, 4 
| Е Is 4 3 
. an Addi kona 16 к 3 | 3 
park in E ve — = 0.6% «t. — —— ————— 
Зо K4 E 


Be nine ا‎ 36 k9 of CO 4. Ls the » acis ) +he amount of 
mass that has leaked в 


à л сч кидем" 

Amount ] = [ ок | ресе 

leaked Volume wA the cuan der 
ow M 

= 20m 

[30 ка ] [ о | 

Iw w citing this , We assume that the spea Fic Vo lu me —€ " 

vary wth Aecolion within H ہك‎ nr: the gas — оху, 

the specific volume within e Cylinder varies only ew ith hme. 

Since Ho Spe {ус Uvliume U varies Kom 0-67 мї |14 — 

30 е4 о wa Ths “Фф, te © spea f'e d veper AA rut 


Specs d: го м (69 ) T plot ^ 


1) 


10 
D 
D 
v 
* | 
Š | 
t 5 
8 | 
£ | 
x | 
O 





AP, وس‎ 
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PROALEM 1,24 


(a) Ar a temperature of L40% , the Specified Pressure o£ 1,25 MPa falls 
between. the tabe values of 1.0 amd 1.5 MPa. To delermive the specific 
volume corresponding to 1.25 MPa, we think of the slope eC a 
Stau line joming the adjaceut table shales, as follows: 


AF 26.2275 m Ves 





22 T 
17 18 а лана 
2 
3 | 
та 144 SUE " 17:01983 m? leg 





| p, MPa 


1.0 1.25 AS 


similar friang les: 
V - 0.14683 0.2215 - 0.1993 


2 5 
| slope| т .5-1,25 ^ 1.5 —1© à 


> v20.1483+ (2S )(0.2215-0v83 


= 0.1879 м/а e (4) 


( Ara pressure of LS MPa ее specific volume of 0.1555 MIS falls 
been the takle values of 240 aud 280%. To determine the tenpemture 
corresponding to He gwen specific volue We Hiuk ef the slope of о. 
Shvoaq Wk Wwe joning the adjaceut table states, as follows : 


= 280 (0.1627, 280) 






| T- 240 2060-240 > 
Slope 2 mand d ОШ. ee CERE 


> = 240+ 1552-1382) Ho 
ET ICE (to) 





HER ~ 4 
(.1 183,240) 
2-260090 «VW 


240 + 


4 “AS ас ат э; mig 


(с) Tn this case, He specitiéd pressure falls between the Table values of 1. o 
and 1.5 MPa and the specified femperature falls between the table values 
of 200 and 2q0*C . Thus, double mterpolation s res u.wed . 


. At 220% , the specifre Volume at each pressure is Stimply He average 
over He infervol: | 
2000 4.2275 


at 1.0 MPa 220% 3 tr = — ——,— —— = 0, 21675 м/а 


2. 
.1325 + 14 
at 1.5 MPa, 220% ау = 7777 77. 9,1409 w/e 


? Thus, with Ae Same approach as T Ca) 


Ат - O.14OY _ 0.21615 -0.1409 > VU = 0.1404 + ot )(o.21675- о.(чоч)) 


[5-14 ` ^45 -1.0 
2045507 m?/ ka (c) 





PROBLEM ]. 30 


(A) At a. temperature of 120°C ) J ^2. speccfied nan re of 54- Ibf/i'n? 
falls between the {able values of 50 and Со lbf/in® To deternune 
the specifie volume np do 54 lof (гл, we think of 


the Slope of a straight Aine. j ikang fre adj acent toa hla States, 
as follows: 





АТ, 
(43 
АЛЬ о SE 
| | "me 
Similiar treangles: 
"M" : : | _ £P 
sope} = Y-589?* - 1.10-5.891 œ, ys 6.891 + £_ (7110- 6.841) 6.224 


6o-s4 Q0-SU 


N Co) 


Clo) А+ a pressure of eo off in +he 9 меи specific volo w^ e. — А 
5,38 ft/lb falls between the table values of (20 and Iqo*t-. E 
delere. the tempera tor e. Covr€** poc Sw a te the given | Sper 
Volowa , we think of tha slope of a ctvarsht Hine joining The 
adjacent Table states, ao follows : 





(л> 5.982, T) | T-120 _ |40-!20 
Slope = ————— = ————cC ea: 
d PCT §.982-S.89l 6.12 - 5.841 
T ql 
ود‎ T= 120 + [5.4&1-5.@ |е) 
6.1r- 5.841 
12:0 (5, 91,120) | (b 
| — S 121.4 li F T === 
Mes s ы 7» ет! 


(c ) In this case ,4he specified pressuve falls between +ha table 
Values of бо and 60 lof/in? and the speu еч +e mnerature 
fails between 4ha table values of 100 and (20°F , Thus, double 
m denne la m Uo гед vived. | 


А+ "oor , Яка Specific volome at each presture tf v ply ice. 
average Ow the interved: 


«x Sof j10°F 3 Va 7.110 +6. 636 = 6.973 /ь 
int. ) 2 


Ты 


at 60 lef у oF; va 5.841 + 5.651 = 5.745 Ib 
2 


° Then, u» Th the SAW» approach бә سا‎ (a) 


5.74S 6373-9339 a ya аа + Se [eti eom)‏ ل 
c Lc‏ 


= (.о5 lb | æ (9) 


[-15 





PROBLEM 1.31% - 









-m=5kg From the pressure - Specific volume relation _ 
SN ру” = const, Р, i | т Й е 
! U, = | —]| 17 *|l—— 
* к | 5 mw 
eS О І : 
B*lbar л, + 0,д Yn?/kg = 0,5810 m7kg 
р 20.25 bar m V, = 1, уһ 22405 m? oO V: 
1.2 — — 
| | 
0.8 
3 бв 
0.4 
0.2 2 
0 
0 0.5 1 1.5 2 2.5 3 
V-m? 
PROBLEM 1.32. 
C بسر‎ TL From the pressure - volume relation 
- ais n T 
i | PV = const. _ (2^ .( Е Р 
| / У, = Pa Vi = (661 COFF) 
— C 3 Nel: Ve 22 443 | 
p, =20 lbflin’ Vs 10 f 921.2; Va = 2.015 FE? | V2 
Р, = loo Ibf/in у 21.3; V,» 24004 a 


И 21.4; V2.7 3.16 6 £ 





n 
n 
n 
n 


p - Ibf/in? 





PROBLEM 1.33" 





E (5 Ibf/ ® - 
< Vas) _ 
Р, = 100 IbE/ mé 
И, = LS £ 


The pressure - volume ve lation is linear cluring the process. Thus 


2 PF“, 
Р? Р сив 
Or, using given data | 
lbf (100-15) 1и? 
* —2 ———— deu 3 
Ps COE (ns 
= 337.5-۷ 
When Y= al £4? | 
р = 221.5-#5(2.0) = ЧЧ Шли 


On p -V coordinates 


r~ 100 à 
< 8o 
= 
S о سے‎ 2=227.5 – #5 М 
а. 40 
20 | | 
| LS 2.0 2.5 


V (се) 


1-071 


PROBLEM 1.34 





(a) The process is described by РУ = constant. The constant can be 
evaluated using data at state | 


р М = constant 
| = Р: ү, 
C !ar)CI L) = | bar.L 


So) for every State during the process ر‎ we Anne +he relation 
| pV = | bar. L 


When P? Bhar, 
V — | bar. L 


~- dbar.- . 0.33 b | ö— ç — —— 


* ber 


When ps bar, Ap. ur 0.2S L 


Plotting the relation on pressure -volume coordinates We use 






= | bar. L 
үт ас 
VD 
{о ob tain 7 
1 4 : 
3 
4” 
Р Linear pressure - Volume 
(bor) 2, AN fe lahionshijo of- part Cb) 
pV=constant à 
relations р 
l of pori (a) 4 
о 





| V(b) 
025 oS 075 Го 


(v) For comparison , the \inear pressure — volume relefowthio is Shown 
on the plot above . The Volume corres nding do pz shar 
con We орхиё Simm ploy USING the slope of Ms sas lt Али е. 
between l andr: | | 
| slope | = (4 – \)ber - (3-1) - V= OSL — — 
10 - 0.25) L (1.07 V^) 
This value also can be read from the plot. 
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` PROBLEM 1.3.57 


Thermo dy ha rc cycle! 


-2: РУР constant 
B= bar, Velm3, Vos 0.2m 





3-1 Vm cons tant 


For Process 1-2.) РУ = constant. The constant ел be eva loa ted 
Using data at Statel: 


P V = constant 
= RM 
= Q ber )C м | = | bar: м 


Accor dings on a pressure “Volume -plot process 1-2 rs 
described оа. 





Tr parkuslar, when Мәс 0-2-3 , pz S bar. 


The thermody ha nuc cy cte Ceres the for we 







Р = Sbar p= constant 
\ [^ Blm? 


V= consta ut 


pV- Constant | . n | 






02 0.3 04 05 06 OF o8 09 LO 


V (үң?) 
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2-3 P= constant, Vv > V2 (expansion ) ) W = 1.0 


PROBLEM |. 36” 


Pam = 101, 3k Pa 



































P ~ Fatm 279+ 
$213.54 Y3 
4249.81 m[s* 
(O Р-Р 
$3 Р Е а 
_ (009,0 101.33) ka jio мім2 ıo g| | im | 1а-м[5* 
(72.59 Glem3) (9 81 m[s?)| Y kPa l ka| |106 см !N 


= 002m -2cm4. EG 
(b) Page = P- Pim =104.0 = 101,33= 2.67 LG | Раме 


PROBLEM 1.37% 


— — 




















f, vac 2 f 4 L 
= (49.94 25 заа. #90129) ње LAE | 
EE | Е 32.2 10-52] | 149 iu? 
Fi vac 2.204. Ho = 0. 1214 [bs [vue 
Pata = 14-5 и _ 
9 = 32.2 91%? R abs EA Ё vuc 


fco = 49.94 1/7 M.5-042 = 14.319 р даз 


PROBLEM 1.38% 
fats « Pw => vacuum 


2 49 le Pa. Prac Б Id Fabs 
949 - Ҷо Sg kA ss Prec 


Rus = 0.4 bar =4O LP 
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PROOLEM 1.34 


: lbf 
am 116 Tt 


д = 32.0 ft/s7 
| ` U 0.01604 ЛЬ 









Mercury (6213.54 g/cm?) 


Радде д1. 
деде l-4 bars 274.81 m/s* 


PROBLEM 1.41 







| Pre ^ 9.2 bar 


блм 750 mm На 1034 | | vw? | || мао N/m? 
Sug 213.59 S/ew3 2 | Бат 

= 4.81 2 _ 
3 m/s ES br Prae 


|А Popge | - б.о З " 
Suse? Yop 2 62.304 b/f 


age «(62.244 зго fnm 0 
| Ibe LAZ 














22,2 lb.ft/s Z| | 144 in? 


= 0.3944 1ЬЕ/Т Page 


(decreases) 


L=20cm = 0,2 m 
Phage, Sug 9 L. 
= (13.59 a 1 <3 (0.2m) 











m oeei) INO 
103. | m? | |1 kg.mls2 











* 26,664 N/m? = 6.26506 bar 
005,8 ~ un Gage, 
= LOL+.2666 = 1.2106 bar ¢ — 
= /? 
favs, A | laos 6 + qese, А 
= 1,2765 +14 = 2.6766 bar & — 


Ёна = SuI ‚ну 
= (13.54 З. )(4.8! m/s?) (ÊS ) m 





m$? 























| bar - 0.2 ea = 0.8 bare Fabs 
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PROBLEM 1.42 







-2 Ё доде“ 280.01Ьғлиг 


fabs = habs lace 
Edw 14.6 IbEl iu 


j (Bgaget быы.) ~ Fabs 


R22 = (290.0 14.6) - 20 
Compressor  — 


= 214.6 ІЫ? 

















| Af, ps 
Ой abs 220 IbE/ iw? | | 
labs "m P Ь/© а= (2800190) /2о = 14,73 ZEL, 
PROBLEM 1.43 
9 = 97.31 m/s* 
Spring = k X) where К = 10,000 N/m 
For tha pisten: 
M= 10 Kg 
A= 7.8x(03 m> 
Fer the arc: AV= за Kot 
Tai hat! ر‎ X20 and there i5 no spring force acting on the piston. Also, 
fevch'on between Fhe Piston and the cy hader Wail Can Ge ijnered. 
Accordin رپا‎ the dore exerted by the arp within T^ cy linda 
O^ the ‘bottom of piston is equal to the weight of PA 
Piston plus che force exerted bu T^^ atmosphere on the Тор 
of the piston; ЖАА | 
| Zk=0: 
[з] 
—————. PA= РмА + ™ 9 
Ж ns Pha + wJ 
| А 
р = 1 bea |сокд)(4.® е S7] | N | bar 
ars [tese p 
- ME c c ce 
A = 1,126 bar Р, 


Finally , the force exerted by thea air within the cylinder on 


+he bottom 4 to piston i$ eqval +o the weight h +h piston 
plus ha force ежеси bu th atmeotphere on tha top sf +0. 


piston plus ما‎ Tov ca e^» er ted *d TAa Spr nj on the top of the pistou: | 
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PROBLEM 1.43 (Cont'd ) 





p oe n =. 
x= 


[ ws ] РА = Рам A + "M + Bpring 


| Fspring 


m h = Fatu + ma t A 


For the sprimg J Fspring = к у ) Uo hey e. x © found Using the increase Ia volume 
3.9 xi ms 


of the arr: x= AN sz = 095 м. 
f A * 78 хезм“ 


Cotlecting Cesults 


TTE | (poo N/m) Со. oSm) | Ibar кез6 
fer i da: Ы ТА” m (7.8Xt0S m*) | 105 105 N/m*- 
з 126 bar + 64! bar 
= ет bar VORNE 


? RO LEM 1.44 


Рм? 045 bar 


fu, o7 4982 кім? 
924.8 m/s? 





The total force on the bottom of Но pool is the sum of He wight of the 
water amd the down ward fovce of atmospheric pressure on 15e surface 
of Же water ; 


^ i arav + РЕР CA) 
To get the weight of the water, first tind Ho mass, as follows 
м = $ ү = (998.2 3) | ooN so 1 (100)¢3)¢s0)] m? 
z(448.2) (12 500) = 1.25 х(о” P 





Thus 
ec og sonne enin [D |ады 
Гафм = 0.98 bar) (100x50) rhein s 
0r “ lat зоба C ) А "PT pats ам], nm 
4} 





Foy = 226X10? 5.14.4 xlo? = 6.26 XO LN 
The depth at Же ceuley of He poo! is пх 2.5 m, Thus 


Р = Рам ogh Р 

















гоо kha k IN | fA 
= 04 par | + 0482 2 | ` Nf 
@ 8 bar | | bar + laa 2 ‚ (4 bs Ra. 5m) | kg-m/(s 4110 N/m? | 125 





du 


PRO@LEM 1.45. 


L/ = Sin Ө 
I" 
Sin e 
— 
inclined manometer { 
gives greater resolution 


PW 





PROGLEM 1.40 


ее NT p ед a 











E Ib | 4 ollis — — — 
~ Astorm water T 
$ = 02 2 We u =2.59 ли م‎ 


o = 32.2 Ms? 
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PROBLEM V7 


Consider the variation of Pressure owing to the effect of 
Grave ~- for an element im а mo tion less 

gas or [04 ога ) the forces acting are the forces of 
pressure on the upper aud lower sur faces and the слу aS lt 


of the fq sten je 
Z4AZ | 
2 [=] 
S | Tak 


zhao! O= p(z-42)^ * "^4 — p(z) А 
he Р = V 
where : — 
= [А42] 
V 
Rearranginy 


A (plz+az) — p(z)]=-(A4F) 4 


or 


р(2+22)- р). g 
Az 17 





TA the Lint a «Zo o. tas ү صم‎ 


ч 


"G5 


Ge ) 


- m 


— 
2 АЛГ 


| 


0. 


(А) Atmosphere. TF we с/р г where C= KEEN, 


is insevled w Eq. 0? { we Ane 
dp - -4P ẹ» ЁР - -le = wp: - 8E + dunk 
dz C. dz 


or 


p= Kep 3F) 
When 220, P= Б (lam), giving p= R exp- — 


он le veuw^ Valu qe: р malm when ovo Ww E VA 


рев sa ||) = = р exp О. 352) 


= са 
72,5 Re 
This fe lakonsh-p ts Shown w thea асе O E plot. 


‚М 





licim 
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PROBLEM 1.47 (Contd) 


0.8 

m 0.6 
E 
2 

0.4 

0.2 

0 

0 2 4 6 8 10 


z (km) 


Cb) Ocean. Le thing 2E-z ) denote eth, Eq. CK ) reads 


п 


„8 
dz UV 
Then, 2.50 MANS ^J vo cons tant 
hes 
C wha. 226, pr f (lale) | giving PF ($)2 + E 


Enter ting kroum Чао over Pw ahm when 2 o < Kw 
IN 
aor | 


re аиле is 5 hewn ux thre от er plof. 


(а.а m/s") Zw) 
P= Pot 0:9 56 K1073 m3 E9 


latm 


1.01325 о? Мм“ 


liom 

















Ikm 
= p + 101.3 2 


Тил: 


200 
160 


120 


р (atm) 


80 


40 


. (кт) 
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PROBLEM 1.48 





For the gas їл the tank, the p-v-T relation is 


` tank р = [С5.18х107?2) T/Cu- 0.002668)]- С8.4! x(65 /v* 






natural 





Solving iteratively for ^» at Р = loo bar, T:255k 









qas We get 
4 ^ = 0.00884 m?/ ka 
Y^ 21000 ko an - = 3 
The following plots can be constructed for T = 250, 500, 
and loook : 
1000 
800. | —9— T=250K 
| —&- T= 500 K 
= 600 —B— Т= 1000 К 
& 400 
200 
0 
0 0.02 0.04 0.06 0.08 0.1 
v (m3/kg) 


PROBLEM 1.44 | y 
| | For the water vapor in the tank, the p-u-T relation is 

p= [(0.595ч) T/ (17 -0.2108)]- 03.30] * 
Where v is in £17 IL, Tis in °R, and P کا‎ IA lb£liu* 
Solving iteratively for v at p 21500 lefAu*, T» 11407 


 weget л. 0.580 [4 lb 
Thus, with the gwen value fov V 


yn = V/V = 82.3/0.686 = [20 lb, m 





V 82.3 f° 
The following plots can be constructed for Т =1200, 


1400, 1600 °R: 
| 
5000 4 


4000 X —e— T=1200°R | 
—&— T=1400°R 
—— T=1600°R © 


3000 


2000 


p (Ibffin2) 





02 04 06 08 1 12 14 16 18 2 
| v (ЛБ) 
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PROBLEM 1.50 


Cn : Derivation of Fe. l.15 : 





ZF (f) =0 
Faas A 7 RA 89 LA 7© 


| دە‎ Faas Rm” S3 — 














Са) o m Ho: Paage = Sg MEME | BEES ES 
- Е ib VE Lie || 1H 
| " (6.24 #3) (32.2 Ey £+) т ер 





= 0.036( Ibflineg Pgase 
| | Hg: T 13.593 Puro 
C | = Раде = 13-59 (0.0361) = 0.49) bfi" р 


tb i | 


ОШО: | Раде = $34 

















7, 
| L=lem = (looo £3 |(9.81 (оом) _! М | bar 
Y | — I коют] 52 || io5 N[m? 


= 9.81 xo“ bars 
Ha: Ўн, = 13.53 9 Lo 


+ оде = 13.59 (4.3101 ) = 0.01333 bars. Pease 
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PROBLEM 1.51% 
Using EG. 1.22. 
T(*F) = 1.8 Т(°с) + 32 
(а) Tee) = 21 
T(E) >(.8)(21) +32 = (4.2 
T(°R) = T(*F) + 459.67 = 529.47 
(b r(*c): =4O_ 
` T (F) s (-8)(-40 )4 22 = -40 
T(°R) -40 + 459.67 = 419.67 
©) TEs Soa 
T(°F) = (1.8\(<оо)+32 = 452. 


TCR) = 470 4454.61 = V 3ALG1. 
cl) тоо) O 


T (oF) = (1.8)( O )+32 = 32 

T (PR) = 32. 4 457.67 = 441.617 
беу 1o 

T(°F) = (1.8)(100) + 32 2 212. 

TCR) 


\\ 


212+ 959.07 =671.67 
(t) Te) = -273.15 


T (°F) = (1.8)(- 2713.15) +32 =-454.67 
TCR) = -454.6714 454.6170 
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PROBLEM 1.524 
Using Eq. 1.2.2. 


Tec) = ТЕ) -32 
Гв |. 





e) тсе 8 
T(°C) = ot -1778 = 20 
T(K) = 20 + 273152 243.15 


We) TC) -ҶО 
TCG) 2 СЕ -17.78 = -40 
К 


Tle) = -4O+ 273.15 = 133,15 


<) TF) = 500 
о\ 500 _,7. 2 
T( с) — 7.782 200 


- TUE} =а60+ 273-15 2 633.15 


(4) TC°F)= О 


Te) = Га -17.78 = -17.78 


TOK) = =F 70+4 85.15 = 2.55.37 


сеу т(°ғ) = 212 


(223 -1778 = 100 
ШЕ; 


TK) > IOO + 23) = 313,15 


т(°с) = 


nu 


T(9*C) – 4517 -I*18- -27395 
{- € 


(єк) = O 
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PROBLEM 1.53 


T, (°с)- T, CC) = [T20°C) 4278-15 ] - 17, (0c)+ 27225] = T2 CK - T; CK) 
Tol °F) - T; CF) = [| T20 °F) +45901] -[т‹(°Е) 4457671] = TCR) - TC) 


PROBLEM 1.54 





 Theexpressiow for Cesistance is 


R= Re exp] eC $7 4) ] | з 
where Ro = 2.2 Q and Тг ДОК. 2.5 
Since R= О.31р. ot T= 422K І 
3i (2.2) exp | 6 (ai - il 2 
Solving for "s 
Ln (.31/2.2) - 12889K 
un" aia) 0.5 
Thus | А 
250 300 350 400 450 500 
А = 2.2 exp |206, а (+ ا‎ 
PROGLEM 1.55% 
EVEN DATA : I From the data at Te 37°C WP. 
TOF)  R(Q) 51.89 = R. [i+ (32-82) ] => Ro= 51.3792 
Test 2 196 53172 . 51.72 = 51 за fie «(i26 32) ] > «= ETIN 4 
ти Finally, А = 5139 (1+ 3908505 (r-33] OF) 
R= Ro [1+ А (т-т)] р = 51.526 + 2.0122. x (07 T^ 
Let To = 32°F | Tx 4 46.4۹7 (R- - Sl. 326) T 
TR SUD € ho [p e 


PRODLEM 1.56 | 
Using Eq. 1.22, Ter) =1.8 Т(°2с) +32, For TF) = Тес) = 


or UN 


Solving T 2-40 oF ov oc 





In no TEk) = T(*c) + 21515 = -Чо 4213.15 = 238.154 TK) | 


In^: TCR) = TCE) 4459.67 = -Чо+ 454.61 = 419.674 TCO 
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PROBLEM 1.57 


(^s) From the data, the relation can be ex pressed as 


' oc) . [300-150 ec ISO &. 
300 TCs) соз Т(°с) + 1.50 


(100,300) = 1.5 Tc) +150 


Ог oc) - 


Using this relation 
(ec) T=100°S > - 33,33 °С 
T=400% —> 166.67 ?C q — — e) 











From E«.1.14 
T(°s) = 1.5 [T(K)-273.1S] +15 о 


Thus, the ratio of the size of the "S to the kelvin is 





1.5 °S/ ec | oS/k 
PROBLEM 1.58 ^os 
КЕЗЕ Т = 20°F Since the te mperaturve Varta tron its [мелу 
T= мх +b 
Where m vo = Slope and b js T^ Value 
wher х= 0. | 
S lope: 


W = 20^F- 68'F|. _ в °F [ in, 
Ф in. 
Wha n х= 0, T = 68°F 


AT wiki tem perature varcation thrush thr wall co 
T= -(8 °F/in.) x + 68°F 
Checking pa temperature at tha pipe: X= Sin, 


T= - (8°F/in, )(3in.) + 68°F 
= 44°F 


There fs no danger of freezing. — — — 
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CHAPTER TWO 
ENERGY AND THE 
FIRST LAW OF _ 
| THERMODYNAMICS 








PROBLEM 2.1 


KNOWN. 


An automobile of known mass accelerates from a given 
ve (ос to another. 


Ev): 


Delternsine Ee h'c ewer gy and the Change ги 
Kinetic — 


SCHEMATIC d GIVEN DATA: 
m = 1200 KY 
“А 50 km/h 
V = (00 Km/h 





ASSUMPTIONS: CU) The automobile is the closed SYSteuan. (2) The veloates 
And kihehe energies оге felatve to the ‘oad. | 
ANALYSIS: The ito Kinefic entia Cassuwapteon 2) is 


KE, = LM 


‚к. IN 


2. 
e ım km 
leg m [52 


- (200%) = em | 3400s/h 


WS #4 KJ 





оз N- 











Ju 





3 ————— — ———“ 


The change „д Алие есу od 
K&-KE : 2 Lv. - м) 


i (ооу [ ceo- — | © | | ot 
341 KI 


1) 


4 | KE; - КЕ, 


PROBLEM 2.2" 


KNOWN: An object of known mass is located at a Specified elevation 
relative tothe surface of the earth. 


FIND: Determine gravitational porential energy of the object. 
SCHEMATIC Ê GIVEN DATA: - 400 ka 


>=, MM 
ASSUMPTIONS: (1) The object Е A q 34.18 m/s 
is a closed sustem . (2) The ac- | _ 
celeration of qravity is constant. 2:25, 





MNS S: The. gvitational poteutial eneray. ‘ls 


PE = ma Ё, | 
ие | TUN IKN ЦКТ l| 
= («ool (4.13 2 Хаѕ ~) зт око TES | 
PE 


= ШЕ pessime ; 








PROBLEM 2.3% 
KNOWN: An ob ject of known we (git undergoes б, speci tied change га its 
kinetic energy while its potential energy increases . 









FIND: Determine the final velocity. 9 а= зә аш 
SCHEMATIC È GIVEN DATA: BY N80 fels 
Assumption: The object is a closed system. С леа Mtb 


ANALYSIS The change ۸ kinetic energy ts Fg rav = (Oo bc л 9 
© AKE = 1 miN- >Y m= Eba сз = loo Ib 
Thus solving for VZ and insertir $ values amd a unit conversion Heto 











| 2(- 500 Şt-ibf) ; 
(100 \b) 
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PROBLEM 2.4 


KNOWN: Abrick of known Volume and density experiences а. given 
decrease iw grou tational potential energy. V-a. Sx 3.5x G 3 


EIND: Determine the change im elevation. n 
=x " оз| 3 

SCHEMATIC € GIVEN DATA: [7 ө = [2016/4 
2. 





д =32.0 #15 


TLONS i (1) The beickis Ga. closed Ape =-500 Ft- ILE 


ASSUMP с 

System. C2) The acceleration of gravity 
is constant. (3) The density of the bodg 
is Uniform throughout. 


ANALYSIS: lee 3 
` V = (3.5 ™J(3.Sinl( in) اا‎ = 0.03036 И 77 777777777 


Based on assumption (3) | 
Ya =eV = (1200195 (0.030384) = 3.0516 
The change in potential energy and the elevation are related by 











Ape = mg Az 
Thus, solving for AZ Е 
Are (-seo $-\be) | 32.2 lb. ft/s 
Аё = Na ^ (6X эдю FISD iue | J 
(D 2-132 Hy, AZ. 


|. The negative sign denotes a decrease in elevation - 


29 


PROBLEM 2.5 
KNOWN: An Automobile of Known weight travels from sea level Te a 
known elevation. 
Fused: Determine the change u potentoat energy, 


SCHSMATC 2 CivEN DATA: 


Weight: 2600 log — 


d 
کے ص‎ 


ASSUMPTIONS: |, As shown in the scheme hc tiu automobile is the 
closed $4 Stem. 2. The acce\erahon of gra uh rs conStuat. 


AMALYSIg: The chmge in рони energy vo 





APE = de (24-2,) 


The quanbty mg д Agwogrized ao He vele weight. Thus, 
inser Rng kroum values 


APE 
APE = Qeoo Ibf )( 2000 +) = G2 чмо ft lbf ge 


PROBLEM 2.6% 


` KNOWN: An object of known mass decelerates from a gwen initial 
м velocity to a known final velocity - 


FIND: Detevmine the change in kinetic energy of the object. 
SCHEMATIC É GIVEN DATA: | 





ASSUMPTION: The object is a closed system. 
ANALYSIS: The change in kinetic energy is 


АКЕ = $m [v2 - V, *] 

Inserting known values and converting units 
2 2 

AKE = $ (100014) | 20° —|оо* ] 2: 





| N 


| kq п [5 2 


10° N-m 














Ф = -Ҷ$00 kT 





лаа лал 
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PROBLEM 27 


KNOWN: An airplane of known mass flies with a given velocity at a 
qivenaltitude, both measured relative to the surface of the earth. 


FIND. Calarlate (о) the kinetic and potentialereraies of te airplane, aw 
(p) the Final velocity Хох а. Owen change in kinetic energy. 


Ph 
* 
















SCHEMATIC & GIVEN ТАТА: ФӘ. у= 5000 
ASSUMPTIONS?) The airplanejsa 7 — | — \ 2 150 mls 
closed system.(2) The acceleration of | | = 4.18 m[s* 
gravity 15 constaut. (3) In part Cb), Ут 


theve is no change 1и elevation . | Z «0,060 m AKE= 10,000 ES 





ANALY 51% ‘(a) The kinetic energy is | | 
(kV 


rA 2 N 
KE = У mv z 1 (5000 kg iso?) Za | — 
о ул 10 Nm 














= 56,520 LI P"——————E ЕЁ! 
The gravitational potewhal energy is Е | | 


№ 
| kal s? 


ler 








РЄ = maz = (5000 kg) (478 Mis*) (10,000 m) 














|O3N-m 


| 
— 





= 484 ooo CX, 


(b) The change in kinetic energy is related to the initialanc final velo- 
cities by 
АКЕ = i w(vu- V) 

Thus, solving foc Uz and Convertino units 


2_ 2 AKE 2. 
Ys: Е YA + М | — 


10° N-m 
(kT 


2 


2 ( оороо kT) || &a-m[s* 
: ас +5о®) & 


(S000 ka) 1N 
= 26,500 ү <>. | 


ov 
OB М, = 162.8 wis Vz 











n 





l. In part (bo), the velocity increases,as expected. 


2:.5 


PROBLEM 2.8 


KNOWN: An object of known mass moves with a given velocity. | 
EIND: Determine (o) the final ve locity for a given change IW kinetic | 


ener ,and(b) the change iu elevation fora given change 1и. 
poten lak energy. 
. — үи 2110 
SCHEMATIC £ GIVEN DATA: AX A < 100 Hs 
ASSUMPTIONS: (1) The object is a closed 9 2 32.0 fHs* 
System.(2) The acceleration of gravity z (a) AKE = -100 f ibę 


iS constant. | (b) Ape - 100 P+. lof | 


ANALYSIS: Ca) The change in kinetic energy is related іо the initial and 
final velocities by 


AKE = 2 т [v;-v*] 
Thus, Solving for the final veloati Va 


_ | 2 ake 
te? иза 


Ínserhng values and converting units aceordingly 


- . | C Ci00 tibe) | 32.2 1.25? 2 


R&V 














(D = 59,67 #{< Vz 
(b) The change in potential energy is related to the change in 
elevation by 

ДРЕ = mg AZ 
Thus, the change in elevation is 
_ ДРЕ 
Az = mg 
_ (100 f+. (bt) 32.2 Ib. Ms⸗ 
(1 Ib) 32.0 fs?) | \b¢ 
= 100.6 f+ Az 





e 


l. The veloaty decreases, as expected. 
2. The elevation increases , as expected. 


PROBLEM 2.9% 


KNOWN: Ам object of known mass accelerates from a given initial 
velocity To a given final velocity due to the action of a resultant force. 


EIND: Delermine the work done by the resultant force. 
SCHEMATIC & GIVEN DATA: 2N Ome ака 


> 
b К VI = 200 м |$ 
pF Vz 2500 MIs 
D : ФУ The object is a closed system. (2) The resultant force. 
is the only interaction between the object an its surroundings. 


ANALYSIS: By | assumption(z) , the work of the resultant force must equal 
the change iw kinetic energy. Thus, using Бе, 2.6 


D work = 1 м2 27 


і kT 














= b(aks)(Soot-200%) 5 | _ N 
s* ~m 
Ikq-m/s2| [109 N- m 
= 110 ЕУ | work 





|. The increase in kinetic energy of the object is the result of 
energy transferved 4o it by the work of the resultant force. 


PROBLEM ал10 


KNOWN: Anobject of known mass undergoes a change of kinetic energ 
due to the action of a resultuut force . The final velocity and the work 
done by the force are given. 


m= 300 16 
М = 200 ts 


F ^“ , 
== '( work done b _ 
pause МЕЙ! = lOOBIu 


FIND: Determine the initial Velocity. 






н 1 
“гегу 


ASSUMPTIONS: (1) The object is a closed system. (2) There is no change in 


elevation. (3) The resultaut force is the only interaction between the 
object amd its surroundings. | 


ANALYSIS : Ву assumption (3), the work of the resul taut force must equal 


the change in kihetic energy “Thus, using Eg. 2.6 
work = iw (V; -V;*) 


2 
Solving for Vi, inserting values, and converting units 











F 2. 2W 2 
-~ Чу em e M ial 
. 2 A00 By) | 718 aibs] [32.2 Ws. fH s* 2 4 
LS Pee ee cc ADD cae 
(50010) | (вм, 1 Wf 5 
= 23,300 Hsu 
ov 
® МИЛ СИ 


1. The increase im velocity reflects the increase in kinetic energy of 





the object as a result of energy transferred te i+ by the work 
6€ the vesultaut force. Е 


PROBLEM 2.1 
KNOWN: Date. ore provided fo a d's k — s hawed flywheel. 


ELD: ta) Obtain appropriate t€xpruessions for tha moment of 
. Cb) Using given data, determune the kie hic energiy 
сс) Using results fF ma part Clo) ) бе ne 


блек ta and 


thea kinetic energy — 
and mass for a Steel flyuheel. 
phe Aad and masr of an Alo vun uA fly wheel, 


SCHIMATIC & GIVEN DATA: 


Steel fly wheel: 
à»: 3000 RPM 
R= o.S38w- 
w= О. 02.5 vA 


AN o ntn vi flywheel: 
Q2 = 3000 RPM 
W = O0.02Y w 


ASSUMPTIONS" |. The flywheel YV the Closed 
to thi Flywheel Support Structure, 
ANALYSIS: 


(4) Evaluating the momeut of merta 





system. 2. Motion vs relahve 


L j. (se “ау 
For the disk , dV = Cam rdr)w. Thus Since p is constant 
Is е Сах) f rede = етик û I 
The kinetic energy LS | 
KE = Au (Lev ) ам 
and М а Саз, so 
К 1 2 
KE = J. (29evr^c*)Cz& vár)w 
4 g оо“ Салк) му {езду 





4 
= 4 (еп Sw)w> 
— — 
a 
- uem KE 
О = dro? e е 
(b Fom TotheA-!Q , the density of Steel va p= $o6oig/ Thus, 

dhs mass ww 

— м: KR*] 

gem ^ 0.38m) |= 3 4! 53 — 


ё (#060 єз J| eos m) х. ( 


=. here 
Mg" result et part (2) ) KE = 1I Co ددا ر‎ 


= С . m 
z т (зове F3 AG dis e) 6.6 кд 


q s npw R^ 
| 2d 


PROBLEM 2.11 ( Contd.) 


Actors yt ) 





2N rad | Mn 
Aegre gega ( m e T 


Le wj st | 


i ————————— 


= 32.57X/0* Nom 


CC) Tf wy 


W jand KE are ats same for the aluninum figwheel 
as Sv Kw steel Ыы. 


(EE) > (IKE) sr 


G Tut): (4 2 7و(‎ = Jace Isr 


(nw 8°, = (new А7 
> (рв Jan = (рК) зт 


Rav = (ету Кт 


G2 iv. par — TLL А-а, PaL= 2700 K g/m 


= pose | 3 O. 38m) 
ТАС = (2282 — € 
= O.5 w- 


ДАр 


Then, the mass of tte а [оил حەت ہا‎ fly whut д 


M = ps pCwnR*] 


1) 


(2700 8 J( ess) 7) ( о . Sw) 


53.01 4 


— _ M 
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PROBLEM 2.12 


KNOWN: An object of known muss moves along б. Stroight line With a 
known velocity. 


FIND: Determine the rotational speed et a H wheel Whose votatronat 
kinehe energy 15 equal iw magnitude o the object's linear kinetic enemy. 


SCHEMATIC à GIVEN DATA. 
SCHEMATIC 4 GIVEN DATA au КЕ ^ KEY, 








AN 


Кере; = $ mV 

2 
+ (io lb) ( 100*) + 
For the flywheel (See Ме. souhen to Problem 2.11 ) 


Ке, Е j TE со? 

















i E 88 
— 2, KE ¢ 2(1553 H-tbf) | 32.2 bb. ft/s? 
L (150 M. t42) t \bt 
= 25.82 = 
In terms of RPM О 
Ly [vev] | eos : 
(0) = (2.5.52. — | ————| = 
( < ) E- wer 26.6 rev/min e W 
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PROOGLEM 2.12 


KNOWN: Two objects fall freely under the intuewe of gravity from estand 
the same initial elevation. 


Show that he magnitudes e€ the Velocities are equal at Ha moment 
just before they stike the earth. 


SCHEMATIC $ GIVEN DATA: d E Eau 
| | - 





S2 — 

$ :( An object in Tee fall is a closed. system .(2.) The acceleration 
of gravity is constaut. (3) There is no affect of air resistance . (4) The only 
force acting is that Aut to gravity. 





¢ ¢ єє — е e £ 


Anay SiS: For an object falig freely under the infuence of gravity ‚4 2. 
Opo lies | 
re 5 m (372-0, \ + mg (2.-2,) =O 
For N, =O and 2,70 


í }, Z- шь 
w 2wN; m MG 2, 


Thus V; = lo gz, 


Since the Final velocity doesn't depend on mass, both objects 
will have identical velocities at the moment just before they 
Sirake the ear. | 





PROBLEM 2.14 


KNOWN! An object of known mass is projected Upward from the surface 
of the earth with a known initial velocity, The only force acting on the. 
Object is the force of Gravity. 


EIND: Plot the velocity of the object versus elevation and determine the 
elevation when vts velocity reaches zero. | 


T V250 
SCHEMATIC & GIVEN DATA’ | 
£; 9231. 3 fHs* 


ү; = 200 Hs 
m= 50lb 








ASSUMPTIONS: (1) The object is a closed 
System. (2) The acceleration of gravity 15 
солхои (3) The only force acting on He 

object is the force of gravity. Z l lt ES Le > 


ANAINSLS: Since the only force acting ом, the body is the force of gravity, 
oe applies. Thus, the velocity and elevation are related to He met ad 


condit ion К 
AV ^+ да = yV; eva 
Twas, solving for МС 


Z Expression for V^ 
V = | ү, -282 in Terms of 2 





When VZ=0, 2,15 





^ 29 du (a.sfMs) 
Plotting the above relationship 
200 
160 


120 


V2 (ft/s) 


z (ft) 


PROGLEM 2.15 


KNOWN: A block of known mass moves along an mclined surface. The 
Change in elevation and the change in kinetic ane of the block are 

умед. The block is acted upon Vy о. force para el to the m chre ама 
Pie torce of gravity - 


EIND: Determine the magnitude and direction of applied force. 





v? 
AKE=- S507 =-SON-m 





g 
ASSUMPTIONS :U) The block is a closed system. €) The acceleration of 


ravity is constant. C3) The force Ё is constant. Ct) There is no frictional 
orce between the block and the cle. 


И ANALYSIS : Dea LAW "9 with EA A -lo 
= | Е-45 = AKE | Е Е 
From the tree body diagram ; the dot product F ‘ds can be expressed as 


Е.45 = (К – mq sin 30°) ds 








50 $2 
J (&- «si» sods = AKE 
5 


Not "a that ma sin 230°ds-= Ma AZ, the integral loe comes 
KAS = AKE + Ma SZ 


Evaluating 65 

AZ _ 32m | 1 

| Sw ЗФ 5м ^ 9^ 

Thus (- So Nw) + (10 kg)(4.81 m] s*Y m) | V a mds? | 


T су 


= 40.72 Ng R 


The А agite value denotes that the direction is the Same as indicated 
on oloove fiqure. 





AS = 


PROBLEM 2.102 


KNOWN: Deoinnimq from vest, and object of known mass slides down 
an истед Иене. The Length of the ram p Ky given. 


EIND; Determine the velocity of the object at the bottom of the vamp. 


SCHEMATIC Ê GIVEN DATA: „ PL 
: P 
| Ow 


rm = 200 kg 
д 24.81 m/s? 


V, z0 








z,— | 


ASSUMPTIONS: (1) The mass is « closed system. (2) There is no friction 
between the mass and the ramp,and aw resistance is negligible. 
(3) The acceleration of gravity is constant. 


ANALYSIS: By assumption (2), the only foyce aching on the system 
is the forle of gravity. Thus, Ee. 2. 1 applies : d 


0 E y) 9t cium) =0 
Solving for V; 


г, 2/29 (Z-Z) 
From trigonometric relationships 


Z,-Z, = (10 m) sin qo? 


[2 (4.81 т[<2\ (10 т) Stn 40° 


11.23 m/s 


Thus 
V 








|. Even though the object travels по inclined 


vertical distance appears iu this expression. P — 


PROBLEM 2.14 


Known: A box slides doum a ramp. The mass of the box and CS 


velo ak the top of th م م14‎ OAS kanm . Ths nawp geome МЈ (s also 


Speafied . 

FIND: ) Tr مہ‎ oban 9 € echo , de lere the velo e t4 of th. hex 
at +he bare th and the — u Kvhetve and ten dio 
е je tha box. Cb) Detevnun ne фка Chang es w Kinetic and 

poten МА srw 


14 аы box when ficha ما‎ aching and л мело сі 
a оа hate | سم‎ A Cn. Co ea uu. th TOR A АЖ í; pert (a) 
SCHEMATIC f CIV X DATA: 





ASSUMPTIONS’ I. The dox is The closed System. 2. Tn part (a), fr cctioa 
(5 neg lisible. 3. The acceleration of gravita о 32.0ftls* 

ANALYSIS: (6) T^ he obs-ence of any resultant force acting on tha- 
54 stew, imetud ng frecha, Eq. 2.9 reduces do 


e 4 m (Ve -Vi") + mq (ze — 24) 0 


Saving 
Ve > \ Vi*2.4 (z;-2e) 
= күз { Ve 
: | (2 £) +2 (32 ££) (58) = l8 Hls «——— 


kinet and potenhat euergy Сома е! Lar 
ma Qi hda buo Ona op posit күн: Thus 


| | lof 
APE: ~ (Ze-2y)= (2 S )( 32.0 i) (- St) li ы] 


= -1241 НИ 4————— АРЕ 


бё) 


As shown оҷ Gq (R), th 
{че Same 


ond AKG = + 124.216. 


— “E 
(ь) whether thare А (vic hon or not ) the ten tot кашу; c lumge „ МА 
Case v М аме o2 deteynuned cA fart (4) * —124.2 £t. hf. Tf Ve: 415, 
tre c hangga w kineht ёлу со Smaller m wa4 te de. ; : 


t i lof а | | 
ake = Leve] 4 (250) | came,- (464) | is vue] 2 ft: lof 


Referring again to Eq. 2.4 ر‎ the decre asea us kuhal € new w thas 


се. Can ke accounted dor La صہ عل‎ of tthe w crease Ww Блас. — 
of the boy and world Mm overcome iech. 
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5 
PROBLEM 2 12 


KNOWN: Asystem of known mass and a gwen initial velocity experi- 
ences a constant deceleration due to the action of a resultant force and 
Comes to vest. 


FIND: Determine the length of time the force 15 applied and the work . 


SCHEMATIC £ GIVEN DATA: — wes kg 
& HE Visao m/s 
э“ У; = О 


x ax = - 4 m/s* 


4 A4 £4 4} 4 “#4 г. d" (4 € r 


ASSUMPTIONS: C) The system 1s closed.(Z) The horizontal deceleration is 
constant. | 


ANALYSIS: To find the time, use the fact that the acceleration is 
constant as follows 


Av ۴ 
x= ду > AV = axdt 


ет [à dt 

: {а 

ү; a 

ow MN, = Ax At 

Thus - _ © Чом) |. 2 


At = = = 
Ôx C amis?) 
The work of the force Б. is found from Eq. 2.6 


o 
work = $ mo. =) 


-- 105 учо) = | 





LN 
| ка-т/$* 


үк 
I02N. 

















work 





Ф =-Ҷ kT, 
AL. The negative denotes energy transfer out of the system, 
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PROBLEM 2.19% 


KNowN* An object of known mass, 
fore for a Specsfied time, experiences 
Frown a Known ini thot Ve [ос< 
Fined: VDeterneve da werk om the лои lta force. 
SCHTMATIC & CUEN DATA: 


R (у гоб | | 
~ pi (gore) a= |2, ft/s | — 
Qe 245s mE 


|. The objed us the uM sy Stem. 2. Mohon n lariat ° ر‎ 
Sodha. s4 Stein еле Perv € Cof Vo Cha 


hor: 2 ow bt acceleration “д nbn. 


acted on ba a resuHaut 
a constant aeclera hon 


ASSUMPTIONS: 
y 


mè potent ot елего. TA, 
he 
ANALYSES: Аер! $71 Eq. 2.4 uw cm 2, the werlc "f 1 
force R o Qiven ич 
dd e Nt 
| \Nork © 2. m( 2 > i ) 
The fuer velo, V, Can be dejernmined Using a 3 وہ ا2‎ ۸ З 


dV = б. ( constant ) 
dx n 





— dV- ad = MEV, mus (t. - t) 
А | 
EAT v.i ac bus ec) | 
= (2€ (0.5 s) = 18 M/s 
| | (bt | 
Teen work = t (20 " (13 — Att | 


work (¢+ Ube) 
К (в 
= (1558 4 К J = алу в 


PROBLEM 2.20 


К дол: The. drag fore on a trock tS known as a fonction "T. ve loc, 
Ond other parameters. 


FVD: Deternune 4 ^ power required 63 the. tr ock +o OVEr o иле. drag, 


SCHEMATIC & GIVEN DATA: 


C42 0.65 
A= 10 me 


P= ES) кө [м3 





ЛУГУ УГУ 77 ر‎ 


ASSUMPTION: The Hock (s -+the Syste mn. 


ANALYTES: DIE thar Eq 2.3 , the Power Asequired to overcome drag сә 























d 
3 
= dc V 
ر‎ 3 
IN IK 
2 иб кт lom “|| Va NL ү, 
= 1e. es)(Iow Xen JE | x ver fse] [iius 
= 102 KS | pev 
S \ K5|S 
= loz «WN SU ا‎ |," 
PROBLEM 2.2 | 
KNOWN: The force assowated with +e Ле! гл resistance. of the hres of a 
{ос KS Frown aS c fv «c Кок of +h truck wei's ИЛ. 
| Find ; Deternune. the power requiyed hu the Туос to overcome rollins resistance | 


SCHEMAN C A GIVEN DATA: 
Sere MAT C & GIVEIP DATA 








ASSUMPTION. : Tha br vet is the зу Stem i 


ANALYSIS: App! q^ Єз. 2.13 ر‎ the power Asguired +o overcome rolling- — is 


me RV = У УУ 
kW 
| ea[s 











10° N IX uo e | ا(2 ا‎ S 


= вим | — —Ne 





(о. 0069) 322.5 к№|- 
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PROBLEM 2.22 


KNOWN: The drag force. and +he fore asrowatd With rolling resistance 
are Known as fonetvons of variables 25 $ осло ted with E ve АХ عك‎ 
i^ motion. | | 

Find: (a) Deternune the power Aequired de overcome drag and fo lling 
resistance when the vebacke vo Moving at Syw/h - Ch) Plot the 

Quantih es of part (+ ) and thar Sum yersusr ve ba cta vetoed ty ranging 
fer O to 345 wA . Discuss t^ елү "сл ол fer vewscle fuel € солома, 


h) = 3550 bf 
A= 23.3 4+ 


C4 = 0, =0.08 lb/ft 
warm, ©! 
Lg. — NS 


ASSUMPTIONS = Tha velucka vo ths system. 
ARAL TSE. Applying E3. 2.13 2 the power required to Over cone dra 4 Lo 




















Wire EM = 0S A pV?) Y = aN á As | Peete, RE = dis 

Í m | 2804 h | | lbf j| Bow 
= 1 (ose (zs: (о-о а) | VCR) | ы [asosl] Fei o 
= 5.65 15° бу (ifn) J hp (Ж) 

Tha power дад vire d to ома ла. rolling assistance ш 
C W А Б-У = e Ww yw = (©.02)( 355% e£ VCR) | ЕЕ] | SSD ft lbF/s 

= 

= 0184 V(%*) hp (жж) 


(&) When = 55 УА [А j Wwe "VT S 





e 3 i i 
Wa = ses no (55 | = F.4lp ines МАМ 


Wy = 0.134 (ss \ 7 10.4 hp 
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PAOBLEM 2.22 (Contd) 


(b) еки wN range Frown О + 7* walk, к. ас со ир лт 
plots cw е developed. 


Power (hp) 





0 5 10 15 20 25 30 35 40 45 50 55 60 65 70 75 
Velocity (mi/h) 


We nae fur a plots — مس‎ ^ | about SW] A ‚+. 
pouce v Ход ee d TO oua wwe Aoiling saris tan ee lo umna 


Sig co tow Str p ovo +o overcome divag, Ad 

bag bon speedo, the drag o t ke comes Cuv nant becouse of 
ha NO Leve ہیں‎ hs Ix prossion | fH Wa . Siue thw 
prov Те омм فا سي‎ ads c de ve Ce 64 a 

Олл We fa dw fua shred m board the ve vaca ر‎ 

— مس او ,8 си Spod driving ә Ou — al‏ مہا 
Bal Cmn.‏ 
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PROBLEM 2.23 


KNOWN: Measuved data for pressuve versus volume duviwq He compression 
of & reri eraut ave given. 
Einp: (a) Determine n for a fit of the data by pV "= constant. Cb) Use the 
result of part (a) to evaluate the work done during the compression. 
(c) Evaluate the worl using graphical or е аы б tegration of 
the data, (dA) compare aud discuss parts Cu) and Cc). 


SCHEMATIC Ê GIVEN DATA: 


Data Point p (ibf/in.’) V (in.?) 


] 112 | 13.0 
2 131 11.0 
3 157 | 9.0 
4 197 7.0 
5 270 5.0 
6 424 3.0 





ASSUMPTIONS: 1. The refrigeraut in the piston- cylinder assembly form a 
closed system. 2. The pressure values provided apprommate the 
pressure at the piston Хасе. 


ANALYSIS: 
(a) O oach іо {иа n is fo begi ith pV “= constant. Talking the 
ч fre eroi o id ti fo bogin with pV content, aking 
Log p + n еду = Loge 
< ov Leg p = (n) LoaV + Log c 


| vds о lope of a plot of lex р vs. losV. Usi 
(D e dips regram јо Akers ANY > һ hd Pul ру” Бом я ^ 
Ш curve : 


2./ 
2.6 


: Есе 
E Cn) =-0.90881 


© 2.3 Ó 
8. | ^ A20.308814 и 


2.1 US 
0.16 887 


, pV = бом Кс 


1.8 
0.4 0.6 0.8 1 1.2 


log(V) 


PROBLEM 2.23 ( Cont'd) | 
(b) Usiing the results of partla) and te procedure of Example 2.1, the work is 


V 
- P, Va = f. Vi 
№ = ) pav = v8 





(424 Miu 3.0 X) - (uz) (13.0) | 1 {+} | Bh. 
и 12 AF | 778 Habe 





ll- 030891) 
w 





=-0,2163 Вил 


raphical evaluation of phe work involves a plot of the tabulated 
d a smooth Curve clrawn through te datn points : 


(с) A 
2 data OU 





V (in.?) 


Each elemental rectangle tw Me plot contributes the following to Yo 


arta wuder Мо. curve: 





lbf 0.5 (и? if | eiu - 5. “1 
(10 >, (0.5 iu c mirer ат 256 x10! 6 


The number of retangles % approximately 401.1 , Hus 
W (401.05.556 хо +) =- 0.2448 Blu e—— W 


(A) The results oblniued in parls Cb) aud Ce) are in good agreement. Each 
should be considered a plausible estimate for the reasons presented on 
age ҶО in the discussion of actual expamsion aud compression 


processes, | 
|. The software IT could be used fo ооли the least Seuaves euwe fit ba 
proqram m ng the — for curve Cit lag. (+ is easier to use à 


Spreadsheet progra in Mis instance , however. 

2. The only measured ciała are the tabulated data points shown as 
filled cides . The smooth curve does not necessarily repe seut the 

actual pressure at the piston fare for the covresponding volume. 
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PROBLEM 2.24 


KNOWNS Measured pressure — volume data for an €x pansion of gases 
Within the cylinder of an internat Combes h'on еи тие, are gien. 
"EIND: (а) Deternune n for a fit of 7^ date by РҮ "= constant. Co) Use “the 
геги it ot part la) fo evaluetsa +h work done tw ths expansion - Cc) Evalue 
the work dene USIN дгар іл cok or humer scot in деды кыш, thu data . 

(9) Compare and discuss parts (c), (d). 

SCHTMATIC LCIVEN DATA: 





Data Point p (bar) V (ст?) 
1 15 300 
2 12 361 
3 9 459 
4 6 644 
5 4 903 
6 2 1608 
ASSUMPTIONS: |. ‚ As Shown w te schematc, the gases Caitlin the piston = с) lin dor 


Form d Соқа system d. The pressure values provided Approximate tha 
p^? Ss ure at thea piston fee. 


ANALYSIS {aO ne approacl to Lind n K +0 besin with pV “= con saut. Taking the 
log of both sides ef this «ўиаћит 


log p + и lon V = log ё. 
log p = Ch) loz V + legc 


ы Mus l-u) corresponds le the Slope of. a plot of lo vs. logy. Usi 
O a spreadsheet program +o obtain the a and te! рле}. squares beep 


or 


fit curve: 
1.2 
1 | 
From the curve fit 
— l-n) 2-1.1446 
O 
— OY 
0.6 n= |, 1d46 ss — M 
0.4 Thus 
114446 
0.2 РҮ = constaut 
2.4 2.6 2.8 3 3.2 3.4 


log(V) 
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PROBLEM 2.24 ( Сома) 


P. Vs. - р, V 


Vz 


(b) Using the vesults of gar* CA) and fhe procedure ef Example 2.1, the wovle is 


(1 - и) 
( 2 bar)( 1568 cw?) - (15) (зоо) 


= f PAV = 
У, 


W 


| 


rey 
10 М-м 








| үм? 


10°cw3 











2 


10? Nim 
1 bar 








(1—1.1346 У 


= 
а 


= 0.643 LT. 
@ (с) А graphical evaluation of Ике worle involves a plot of the tabulated 





data and a smooth euvve drawn Hrough the data points : 


1500 


0 1000 
V (cm?) 


50 


butes +he following Fo the area under 


He plot Contr 


105 N/m 


vectavele (и 


Each elemental 


Me CUNVE : 


0.002. EX 


ху | 
М.м 7 





10 





| м? | 
см3 
The number of vectunqles ts approximately 224 


10° 





| 


l hay 





(.Ч bar) (50 cm?) | 


Mus 


4 


Че 


0,64 B le 
wris (e) amd Cc) ave in 


i 


P 
es 


achual expausion and compressi 


W ك‎ (324)(0.002 ) 


(d) the results oblained in 


ood agreement. Each Should 


presented ем page Ao iw 








1 
OM po cesses. 


wate for He reasons 


lau sioe 





f 


be consideved a 


the Alscaission e 


7 22 
$ = ) 
S. iil 
є) 9 ^ 
> о = 53 
35 5 &s 
Е 
Et 9 = 
SÙ Coy 
деч RE 
м v Sv 
gag у й 
tius 
| r — Y 
QOS ISS 
Ba E оь 
1,1317 
| ә) 
EEE ay 
03.2 ج‎ 5 
Меат 
i83 с} 
м) 
51.5 88a 
8.8 32 
sys L3 
Etats: 
у ary 
АЕ 
Drs t5 
з= ae 
$im- 55 
ЕР 
оу Y. 
evkYGS 
‚ 6. Fd 
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PROBLEM 2.25* 


KNOWN: A known amouut of gao undergoes a cunstaut- pressure process 


ina piston- cylinder assembly beginning at a specified Spectfre 
volume. The Work is known. 


Enp: Determine the final volume. — a mE 








SCHEMATIC $ GIVEN DATA’ P Ve 
| | m Wa | pal = -15КТ 
۰ = 0,2. m/kg V 
у= -15 kT 
(D | _ P Sar 
ASUMPTIONS: (1) The gas is a closed system. * 
` (2) Pressure 1S had pu du. v ing ud Process. 














Using Eg. 2.17 
Уз. 
М = J рау = plVe-V,) 
= p(V2 - үп 1л, ) 
Solving for Vz and inserting values 
М. = $ + mv, 
(-\5 kJ) | bav lo ^N 
(тағу |105н/та | rier] * (kg 0:5 ml) 
= 0,02 m? 
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PROBLEM Z. 26* 


KNOWN :Oxygenin a piston- cylinder assembly undergoes a process Toc which. 
pv L3 = constaut. vike им is known. J T 


FIND: Delermine the final volume aud pressure. 
7 
SCHEMATIC Ê GIVEN) DATA: Р 









i — — 
ASSVMOTIONS: (1) The Oa is а closed system. (2) The process is 
poly tropic - 

ANALISIS. To determine V,, substitute the рМ velation into Eq. 2.17 


and inteavrate ^ -.3 
9 ү 3y 


2 V2 + 
W = | pay = }, (QA) AV = const. — 
Now, const = RV, S. With this expression pand solving for Va 
-.3 (-.3) W 


v + Sy +۷ 
2 pv ' 


Er 27 

















C-.3) (-4S Blu) 778 н] 1 (97 | "E 
Go (bF/ive (2 & £43)! l Bla Igy ги“ Ы @5 
= 0.417% | 
PV 3S gg 





Now, we can use the p-V relative to get p, 


Р V = \bs \ [25 ds | 
= zum = — EE =~ - 2. 
= 163 (30 iw FA = 44.85 ШЛА Fa 


` 1. The shaded area on the p-V diagram the 
work for the poly fropic process. 





PROBLEM 2.27 * 


KNOWN: A gas undergoes a compression process. Pressure and volume 
are given at the initial and final states. Pressure and volume are 
related lin early during the process. 


FIND: Determine the work. 





SCHEMATIC Ê GIVEN DATA: 
f = 1 bac, V, = 05 лм? 
Р. = Због ,V,2O.| т? 


од OA O3 


V-m _ 
ASSUMPTIONS : (1) The gas is a closed system . C) The compression is a quasi - 
Саші ibrium process. wiTh a linear relatum between Pressure aud volume, 


ANALYSIS: Based on the given data, the P-V relation can be expressed 
o | 
pzHu-Ilov 
where р 15 in bars — V is tam? The work is delermined using Eg. 2.17 
= 
| W = ау 
ч M 


t 
Inserting the p-V relation and integrating © 

















V220.('m 3 
w=] [4- iov] Ti DEL ay 
М =0.3 м? ae <r у д> 
don Te ш. 
=[4v-(2)v7]} [оо 
у> 03 | 





= [4 (0. ~ 0.3) - S (0.1% - о,з*][|(оо | 





I. The negative sign for work denotes energy trausfer to the 
System. 
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PROBLEM 2.28 s 


NowN: Carbon dioxide expands from a Known mihe State toa 


Known fnat pressure. Tha pressure-volume relah'on (¢ sped Һе. 
Find: | For te gas, deternune the work. 


ScHsmauc E GIVEN DATA: 






S s constant 





P- 20 tof line 


ASSUMPTIONS: | 





| vV 

The gas is o closed system. 2. The moving 

boun dar iS the ouly wore Mode. 3. The expansion is poly troprc, 
ANALYSIS: U sing E9.2.17 and the procedure disessied ur part(s) of 
Example 2.| 





Ve : “0.3 -0.3 
we | pay = | Sa ЧУ = сеи — Ai 
7 Ej ү (- 0.3) 
| 3 3 E 
Tw. constant С Can be evaluated a4 ether ead states С RV; = Р, № ) gong 
d. -о. . „-0,3 
' W = (& V," )V, i e C BM ӘС, ° ) = Р, Vi = eM 
Б (-о:%) (-0:3) 
To Complete Hua calculation ر‎ the fuk volume v дая огге. hath 
|. 103 | 
3 1.3 А Р, E: GON “` 3). ? 
avi t= ру m= (E) М ° (AS) Cores) 1.09 £ 
Inser hng Values, + We эзбе La 
(20 wb lint.) | 144in?/ Lo | Ht) (8031 144] (0.65) 
B (03) 
© = (o Slo ft: 10 а МОНЬ) 
Converting to Btw m | 
" 16 lbw | 
= 316 Bt e 
|. Tn thais care, the work ıs the area 
line Át o v^ Shta | 


under the process mE 
+o State 2 on the p-V agram, Also, nete that 
the work ГС: posr ve, denoting energy trans fer From the 445, 
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PROBLEM 2.29 


KNOWN: A gas expands from a known initial state to a known final 
vessure. The pressure- Volume relation for the process is Specified. 
? Р ў Р 


FIND: Sketch the process on a p- -V diagram and determine the work. 





P2= loo k Pa. oe oe UNE 
ом S: C1) The gas is a Or syctem. (2) The expansion 15 





ANALYSIS: The pressure - volume relati for the process US 
pV = const. > P3 sonst, 
Thus, the p-V diagram iss І 


У, = G + )V, x 0.5 m” 
$ 


б. 





О ol 22: .З FY 5 


V - m 
Next, +o determine the worle, substitute the p-V relation into 
Pg. 2.17 and pm: 


W = p — = MIC = PV, ln F 





= (Боо kPa )( o. m?) Mu (2 2s) ouf — 











| k Pa 


0 =+80,47 kJ. 





|. The work is positive for the expansion as expected. 
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PROBLEM 2.30% 


KNOWN: Air undergoes a polytropic process between two specified states. 
FIND: Determine the work. 


SCHEMATIC $ GIVEN DATA: 
| - 120,3 ото! 
P = 20 bfin v, s. So #°/Ib 
Р, = Фо lb £/ in? v, = 3.98 7b 
Р v“ = constant 


SSUMPTLONS: (1) The air js a closed system. (2) The System undergoes a- 
ale Puis process. 








ANALYSIS: From the — -volume relation Чот a poly trop lo process 
RV" = рМ > RY" Рл," 
Solving for n 
leq Ср,/ рь) _ log ( 20/90 ) 
loq Cal) loq (3.98/11, 50) 


«e 





Now, using Eg. 2.11 Чо determine work and with the molecular weight 
of air from Table ve 


WN = [pov = mfp pe men [7 av 


1 NI 2 Vz м), т. Фет) |. NET d) 
| I -M 


l- т 





Now w = (0,2 Vo mol) (1841 1b/ lbmol) = 5.194 le 
and 











— о lo£liwt (348 ли -(2)(1.50)1 lias ve] | 1 Әм 
W = (5.799 Ib) (17 0301) (BT | атаны |. 
Ф | = 309,9 Blu 





1. The inegatwe sign toy work denotes energy transfer into BM 
su Ste 


PROBLEM 2.51 


KNOWN: Wavm aur cools slowly IVa piston -cylinder assembly from a known 
initial volume to a Known (nal volume. During the process, a 
Spring exerts a foree ow the piston thot varies linearly from a 
known initial value toa final value of zero. 


Емо: Detevmiue the mitial aud final pressures of the alr, and Ие work. 
SCHEMATIC 2 GIVEN ТАТА: 40018 m? | 
ШШ E | gu 






V, = 0.003 m? 
№, 20.002. м? 


YONA 


ہہ ہہ AT NIA‏ —— 
ED‏ یر ر ر یی ب ب ی یر بر یی AO AU‏ یی ید 


Рат = 100 kPa 


[ure 

TE JE 
0 б 2 26 
E pcm—" i P 
B a oves EE 235535: 
AES dd} А : 

; i 


tnit 





ААА 
P AAR KARR RRR RSA х 


Spring force varies linearly from 900 N when 
- V, = 0.003 m? to zero when V4 = 0.002. ті 


ОЕ 


ASSUMPTIONS: (1) The air is а closed system. (2) The process Occurs slowly , So 
Here is no acceleration e£ Ha piston .(3) There is no frichon between the 
piston aud the олий дег wall.G) The spring force varies linearly with volume 


ANALYSIS. The initial aud fuel pressures of the air are deteamiued froma 
fvee- body diagram of tha piston jas follows. Thatis, ZF = 0,so 

Initially: Брий = 900 N 

Р = m + ering 

(200 э | le Pa 2/50 kPa 
(0.018m2)| lo? njima N 
Finally: spring = 0 »p,-100 kfa. f 


ALLA A A AA ANAA Аас D AMAA ¢ 


SO یی نین ی یی‎ AN یرن پو رینپ ہنی‎ ZR. Deo 


ЗИ 







= 100 ЁР, + 








f 
۷ 
Now, the work 15 determined using Be.2.17, Wel Рае, but from above 
p= Bats + — 


Since the spring force. Varies [nearly from 400 № {о zero as volume 4%5 
from V, 20.603 m? to М. 2 0.002. м 


доо N 
реп = — V - 0.002) 





















and V2 Vz. 
-= ا‎ 400 \(V-0.002) 
Е E vin = 
—— К, вт) dV 2! "m + (ooo) (o olê) ie 1 
Va. 5 V4.2 0.002. м2 
- j [ IDS + 5ooooV - lee JAV = (Segoe) уа | 
Vi | | V, 3 0.003 үм > 
3 31| 105 | | 
— . m7 110 Мм. а W 
Ф222 | ea lio n.m] oa — — 
|. The negative sign denotes that the piston does worle on Tha air as the air 


Cools. Also, the atmosphere aud phe spring do worl on Мо piston. 
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PROBLEM 2.23. 
KNOWN: Air undergoes ioo processes in series. 
FIND: Sketch the processes ona p-v diagram and determine the work 
per umt MASS of ar. 


SCHEMAT AND GIVEN DATA: 






PROCESS 1-2: prs *=const: 

| P = 100 kPa, v, =0.04 m3/ bg 
=> U2 = 0.02 тЗ/ 4 

PROCESS 2-3: P= const. , Ug, 


SSUMPTIONS * (1) The air is а closed sqstem.(2) Both processes are quasi - 
eguilibnrinm processes. 


1.3 
ANALISIS: For process l-2, Р, = В (1) = 246.23 kPa. Thus, the p-w 
diagram is & 





„Ol .0 оз 4 d 
^ - YQ? / kg 


The work for each process is determined using Eq. 2.17 
= {рау = т { pdu => Ww = | pdv 

Wed (^ const до. 

vw =‏ يل 


YA AT 


Thus 


PU. - P, vU 
1-1.3 J 
_ (246,23 kfa (0.02 m3 leg) - С(0о)Со.оч> 


(Q- 3) 
= - 082 kI /ка 


lo Nim? 


\ «ОА 


е 
1O*N- 














2 


V3 
= MEL = Р.У - z) 


3| 


3 | 
i9 


Э 
= (246.23 LPa\(0,.04-0.02) 3" = 


ux 
214.4246 kX/k4 








Finall 
o 4 







q a M y Ma .r.L8426ET. Wa 
K 


4, The result is positive denoting that the net energy ли ег 
by work is from the system to the surroundiugs. 
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PROBLEM 2.23 © 


KNOwn: Agas undergoes three processes that complete o. cycle. 
FIND: Sketch the processes on a p-V diagram and determine Же net work. 


: ii: W 

SCHEMATIC £ GIVEN DATA PROCESS 1-2: Compression with РУ =сопз. 
| — р «IO Ibf/in®, у, 2 4. o ft? 

to р, = Бо IL£/ iv^ 

| ¢> PROCESS 2-3: constant volume top =p, 


PROCESS 2-|: Constaut pressure 







ASSUMPTIONS: С The gas is a closed system.) Processes 1-2 and 

3-| are quasi- equal ib гихт processes. 

ANAWSI$: For process l-2, V, =(P,/ Pe.) V, = 6.8043 Thus р the p-V 

diae ram is " , 

504 

HO + 

30 + 

a. 20 
10 


- Iff? 





2 3 4 
V- {Р 
The work for process 1-2. 15 determined using Eq. 211 


Vs. Vi 
Wa = J РАМ = ae =(P) la ( %) 








0.8 \ |144 м1] 1 Bk 
E (10 lbf lin*)( 4.0 5?) dn =) 1 47 114176 fF (be 
= -11.92 бм. | 
For process 2-3 , Waz =O. Finally for process 3-1 
У, 
Ws, P і Pav = Р, (V,-V3) = Р (V, ~V2) 
= 5.423 6h. 





= (Т, Ibt/;,2) (4 о.е} H7 | axi 
„^^ Wier = Wa + Wist Wy, = -1142+©+ 5323 =-5.997 Btu. West 


. The negotwe sign denotes that the net energy transfer 
wovk —* Hae ca cle is Inte the system, = : ч 
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PROBLEM 2.34 


Kno: A gas contuned Within a Ppiston-cyluder assemky undergoes 
o hermo d4 منت مہ‎ Cycle Consishng of three Processes, 
Pred: De ternu'ne 


thea work for 


Cach process and the 
for +he cycle. 


het work 


SCHEMATI(C 2 GIVEN DATA’ 


| | From Problem 1.352 


Р 5 bar, Naz کہہے .ن‎ 














3 Рз = Рә. 
Vi: V, 
Coar) 
Ve con 5 taut 
J, دم‎ bean Visine 
^v (ww) 
the duly Work mode, 
ANALYSIS: Using Ea. 2.17 
V Ma 
2. 
" = Va -a Vi 
Procase 1-2 ` \W = ( piv ~ © dV ا‎ = Р, М, кы 
12. ү | 
Vi М | 
єз 
SU] mt 22| i 
= [c bar ) үе” a 8) Ln | 1-0 io? N^ 
0 = — 160.4 KJ 


„а Wiz 


| VS 
Prowss 2-3: W = ( pd У = 
08 ax 








= РСМ] 
2 © t (к? 
- (S ا‎ 2 N|w Е — saw] = = 400kJ «Wes 
^ | bar lo NM 
V, _ Wsi 
Precoss 3-1 `. Wai = ( piv zo Since biis V3 — — — 
V3 
The wit лэ ovK v 
Wnet = Na + \М з + N31 W 
— net 
(2 = -160.а + 400 4 0 = 234.1 ل عا‎ —— — — 
|. The mwnus denotes energy trans fa to oO jas 2 iF 
Co m pressed . 


The vole of work de pends on tha details of the fasces А 


he horen tuo states and cc wet detdermuned ont by tha ens States 
Tn AWS Caor + re vst Wworlc for thea. overatt 
Bq Сой №254 , there ù ne net сле we the groperhes р and Vv 
for the ovyo t cycle. Property Values are determined miy by the 
end States Wore ù wot a property, and 2. WS to. 


2559 


cycle is posinve , 


PROBLEM 2.35 


known: Aw ob ject of Known mass is atixnchaed do o (Le pe огьай 
Ground a pulley and falls at constant Speed. 


FWD: Deternune the power алиги to the Pulley and 
the (otetowet Speed of J^ pulley. 


SCHEMATIC 4 буем DATA: 


Pulley 





V = 3 Hs 





TN 


ASSUMPTIOMS: |. The object falls at constant Speed. 2, The aceelera tim of 
gravità » Constant у. = 32,0 f+ e, 


т = 50 Ib 


АБАС: The power transny ted to th Pulley Can be deternuned 
Using eT 2.13 


\М= Р: М = mo MW. 
oe zog (s $) | 1164 | 


ЛЬ Ihe 
[um чы )\ о £t-Ibf is | 


0.24 hp 





H 


u 


Since Ve R co 


we have‏ ر 





була. ee 3 ftls | | Rev 
R= (GG[mgmyf | Imra 


= 15 RPM 








GOS | 


[ичи 
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PROBLEM Z.3b 


KNOWN: The rotational speed and diameter of a drive staf pull 
are known. The net force appl lec by the belt on the pulley is also ] імем. 


FIND: Determine the applied torque and +he power transmitted. 





SCHEMAT 7 
IC $ GIVEN DATA me — — 


D = 03M 
` 200 RPM 





| 


F, * b-F, = 2000 N 


Belt tension : 

net tangential force due 
| forces ( do belt bud 
pa „>Р, | 


2M «—— * — 


|: The torque is calculated using the tangential force aud 
the radius at which it acts 


Í RR 
= (2000 м)( ez m) = 300 N.m z J ә 


Thus , with Р; 2.20 the power transmitted is 





Wehaft 23:00 























| се. din] EX few | 
= (300 N-m)( 300 ТАГА (ar К бо5 ||! Nm 10° 2/5 
= 9,42 kW | s 
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PROBLEM 2.3% 


KN OWA): Operatng data are provided fer an electric motor at 
Steady State. 


FIND: Deternune the elecine power required by the motor and 


T^ power developed buy 4 ^ out put S Deternune t ca 
het power Mput tothe motor. Also, Уе ternan r^ — Avon 


of. nerdy transfer by electicat Co ө (с ди d s4 th, Ship during 
2h of operahm — 


SCHEMATIC 2 GIVEN DATA: 


p 


T= 10.2 Nam 
looo RPM 





ASSUMPTIONS |. As Shown inthe Schowmatha, the motor is the closed Syglew. 
2. The system is at Steady State, 


AWALTSIS: (a) Using BN 2.2. | 








Мамма == Са) Самен) |, 
| watt [амр КИ |. 
= -loo watt | —— 
= — (помо) (о amp ) | | voit | чш to’ W 
Y — — ee 


Using Eq.2.20 | 
Мм = (Grque а ngular pelocih ) 
- (10.2.9 )( Looo Rev | sun (xw | 


xx ) 
min | Rey || 605 (oP N mjs ' 
z lot kW W shat 


E LL———————————————3 











Co) ^N eer > Weleck ec Wshett | | 
(2) > (-llew)t (1.01 KW) = —0.03kW — Mret 


(c) Ta legra hos co £^ nd Energy anspor Awoundt] 
2h 


| — — W : 
We tectvi c = f Neteedt = Cll «wy 2h) = -22 kwh 4 — —ekeric 
і Cogew)(2h)= 2.14: a4 — — Мо 


b 
W shel X = ( М ЧА = 
0 
|. The minus sign 


{з needed because energy is Trans T^r eed to 10-2. 
Ve tor е (есм са Цу, 


2, Ths valk Харас еи ti рогом of the electric power (^ put that o 


not olo turned а A Shops power out put be Cause of effects ш than He 
, — — 
mojor soch as electyrcag Aishuce aad frichion. 
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PROBLEM 2.38 | 
KNOWN: An electric her a battery is charged with a consfeut curveut for 
a known length of time. 
END; Determine the cost of electricity фо charge the battery. 
SCHEMATIC Ê GIVEN DATA: 
| t 12 volt 
2. o. m 
At -24h 
electricity cost = $0.08/kw-h 





ASSUMPTION: The voltage and current are constant. 
ANALYSIS: the electric power te obtained —R E4. 2.21 
Iwi: £z 
Since the еи aud cuvvent ave constaut , the electricity used in 24 h )s 
Iw: [wat -|wlat = giat 


watt 
= (Lamp y av! vas) | eroe 


lkw | 
(24h) | 10? Watt 








` = 0,576 kW-h 
The cost is 





electric 9 
rom OS ate... oe 


PROBLEM 2.34 


И» — me to (— pei typical ower — of 
e devices. also will и eshu 0 each 
a ги the un ot a monta. The deeds in leti the. 
reader. 
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PROBLEM 2.40 


KNOWN: А solid lindrical Бах T slowly stretched . The initial and - 
Final REN and the stress ол aX the end of the bar 


are known. 
FIND: Determine the work done ом the bar, 


SCHEMATIC 4 GIVEN DATA’ ov^ 






Сз C (x-x,)/x, 


Рз А C= 2 Хо" kPa 
| Те cm Aa TA“ 
X,* 10 Cw 
ASSUMPTIONS; (I) The bav is a closed sustem. (2) The Moving bounda 15 


the only work mode. C3) The lnoun wormal stress ach at the end of bar, 
(4) The change in area А is neglected. 


ANALYSIS: The Work done is qw en by Ea. 2.18 © 


Ха X 2. 
z2- |] gAdaAx + — СА a 
J — А Сх-Х,) AX 


ac Xa. 
2 2 Le. хх) ÀX 


&- CMA" fix? x? 
4X, L asx. )- x, ¢ x,-x)] 
м Now , with C= Lx! kPa, d = 5mm = 0.005™ , X, 30 Cm = 01 Yn , and 
X27 O.lOl Mm 
1 23 32 2 2 | 
Ww? ~ Re UEM Ioas co. лол олум 
4 (0л у^ | pen 
е“ Nim 


(1) =-1963 Nem ®-1463 T W 





|. The negative sign olenotes energy tranfer by work to the bar. 


PROBLEM 2.41 | 
KNOWN: А wire suspended vertically is stretched by an applied force . 
FIND: Determine jay the work done, and Cb] the Young 'S modulus, 
SCHEMATIC 2 GIVEN DATA: | Е | 


ГЕТ 


ASSUMPTIONS: (1) The wwe is a closed 
Sustem, (2) The moving boundary is 
the ony work mode .(3) The ap Wed 


force vàries hearty with X. (4) Thechange 
in area A ts negl ect d. | 





— X, = 10 H (unstretched) 
— x, = 10.01 $+ 


ANALYSIS 1 The applied force varies with | E мае ес rom: D de 
X according 2500 \bf 
2.500 № 5 1 
= لے‎ х= О = ES 5 . 
pot D OUT )(x- 10 H) = 2,5x(0? X = 2.5x(0 


where X is in fr and F \ ім Ibt., 
Thus, apply ing F4. 2.12 4o evaluate the worl. of the fovee Е 


Xz 
W =- fF dk 
40.01 FF Е 
2 ~ | (2.5 ко? x -2,5xio9) Ax 
10 ft | 
=] 2. 9^ (10.017 10%) — 2.5 х!о® (10.01- 10 J | 
=-12.5 1 » 





(b) From Problem 2.40 , the Young's modulus С "€ be ex pressed OA 
Xo 
e = (e) 
where o = t/A is the normal stress and x, is the unstretched length . 
Thus о F Xo \ | 
c: Rx 
. (2500 bf) Gott) 
7 (o.i int) (0.01 -lo) $+ 





| 
= 2.5x10" ГАПЫР Young's 
modulus 
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PROBLEM Z. 42. 


KNOWN: A wire of constant cvoss- Sectional area and o. ден initial 
length is stretched. The stress-strain relation is [сло 


END: De Deni ve au expression for the work done onthe wire as a function 
Stra 





A- area 
(y - normal stress 


€ = € (strain) 


TIONS :(1)] The wire is a closed system. (2) Stress and strain are 
а linearly. (3) The cross-sectional’ area remains constant. 


ANMASIS: The work done on the wire is gwen by Eg. 2.18 
МЈ = zu ТА dx 


Xv 
From the given stress-strain relation. 


c = ع‎ = с (2) 
Where C is a constauk ( Young's modulus). . From +his expression 
dz = ex > dx = X dE 
Substituting into the work expression 


€ E 
w=- | (GE)A (x, dE) = — C Ax» | ede 


NANN NN 
М 
' 
t 





Finally W E COAX. €^ work, 





PROBLEM 2. 43 


NowN: А Soap Film on a wire frame is stretched. 
FIND. Determine the work done. 


SCHEMATIC È GWEN DATA: | 


се 25x19 Wem 


ASSUMPTIONS : CL) The filmis a closed | 


System. (2) The Moving boundary is 425‹ 
The only work моде. (3) The surface pere. 
tension is constant , acting ом boha gre ue] je 
sides of the Lilw. 


ANAINSIS: The work }$ determined using Eq. 2.14 
NET J, TAA = — [e 24 Ах 

For cowstawl surfoce tension | 
W2- T28 Ax 

















= = (25407? уд (Sem) (1 cm) — | 2 
lo*cm | |! Nem 
Ф --2.5x0? Ta W 


|. The negative sign denotes work done on the Film. Note Hae small 
magnitude of the work reg wired to stretch the film. 





PROBLEM 2.44 — BEEN | 
KNOWN: A liquid film ona wwe frame is stretched. 
FIND. Determine the work done. 


SCHEMATIC £ GIVEN DATA: — 
j— ۰ <r: 














ASSUMPTIONS +) The film 15 a T T 22.56" iis 
Closed system. Q) The moving in. 
Eon is the only work — фа Zin. 
(3) The surface tension is constau | , 
acting ow both sides of the Eu it, —X] le bins 
ANMANSAS s The work is determined using Eg. 2.14 
t KL 
We-J eda =- f 220 dx 
For covstauk sur лсе tension 
W=-t 228 Ах | | 
— -4 № "4. * Ma 
= — (2.5 x10 —- 2 (2 AC Lin.) TEN 
(D = - 8.23 X(0 ? H- Mf — 








I. The negative sian denotes work done ew He film. Note the small ` 
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PROBLEM 2.45 


KNOLOM : A Common balcon is being inflated. 
END: Estimate the work required. 


SCHEMATIC Ê GIVEN DATA: 


| ^ 
AssUMPTIONS: (1) The system consists a OTe Ё 
of the air in the balloon. (2) The / 4 أ‎ 
balloon is spherical.(3) The pressure Г ү \ | 
inside the balloon varies linearly \ \ Л. 
with the balloon's radius. ix = ر‎ 
м ^ 


ANMMSIS: With the above assumptions, the work can be estimated 
using ER. 2.11 j W = J pav. 


If the pressure is сеги — — with radius, Hen the 
pressure en R =O IS afmospneric,a 
pe СК + р, | 
where c is aconstan€, Further, for a sphere 
v= ire 
ی‎ md AV = 470 6246 
Thus RO 
= [ сокр) (rca F 
J « a. ii È (CRF Pata) 
е €R'. Ры? | 
SR | 47 58 | 


© = EE зек и Л. 





1. kmore detailed analysis could be clone to incorporate a 
more ateurate stess-straiu relation for the balloon materia 4nd to 
accouut more accurately for geometry. 


/ 


PROBLEM 2.46% 
KNOWN? Data are provided for x conceal at steady state . 


END 2 De errun the temperature sh hrena across the wall. 


ScHtmanc 2 GIVEN DATA * 


— 0.20 м< 


lem pera ture Varia on 


Q = 0,15 KW 





> [mo 


Ls 


ASSUMPTIONS, |. Tha wail 
linearly through the wall, 3. Energy trans for © bay conducth'm. 


AVAL YTSIS$ Using Ез. 2. 3l tege th соо سا‎ assump hn 2. 


is at > јееду Stak, 2. Th temperature Varies 





Q у= -KÅ 2T ) dT > To- Т; 


where L= 020 and Cn -T,) م‎ +h tempera hare difference across theusall. 


That 
Qy- -p A| ا‎ 
а 
ә (q-4:) = | 3 

кА | 
(e «= (UY Wm.k Frm Toi A-7 


G-T.) = 


` 50 W)(0:20 w) 


EN) 


==~24 K $$ 


Where the MANUS sign vo required be cause Te < Ty, 
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PROBLEM 2.47 


KNOWN: Enevgy transfer bu conduction occuvs at Steady stude 


through a plane wall. dimensions thermal conductivity, and 
surface temperatures are specified. 


вр: Determine the rale of energy transfer by conduction, 
SCHEMATIC 4 GIVEN DATA: 


æ "Po o om «09 







Jd&*9.0318 Blu/h £4. °F 


AS2 ibd H° 


K“axzbin. = 0.54 


ASSUMPTIONS :(1) The wall is at steady state .(2) The temperature 


varies linearly through the wall. (3) The tev mal conducti vity Is Uniform 
and heat transfer is by conduction - 


ANALYSIS: Using Eg. 2.81 together with assumption 2 


: ^ = AT QT _ To- T 
e Qx* - КА ax › ах AX 





Thus — 
Ж ш To m 
Qx = K A —— | 
Inserting values 





2 Bhu , (20-70) ee 
бы (0.0318 т.) leo £+) Е 


= #07 Blush 4, 





|. The values given ave for a typical insulated frame wall, 
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PROOLEM 7248 


KNOWN.: A surface of qWeu diameter emits thermel radiation at o 
known vate ata Speci: гед tenperanue . 


FIND: Determine Ние. emissivity of the surface and plot the rate 
of radiant emisston vs. surfer temperature. 


SCHEMATIC $ GUVEN DATA: 
А551 ONS: CI) The Stefan – 
Gol tama 


tame law applies.G The 
emissivity is conskawt. 






ð Qe 215 
1, = leook 









— 
— = = 


d= 2 см =0.02m 
T = 5.67 XIO мім к^ 
ANALYSIS: Using EE. 2.33 


G, = € o AT, | Go 
Solving for ё. 
| gus Qe _ Qe 
oO ANT " A A u. 
"MO JT 
(4%) 
(15 W) 


(5.67 хоё w, ) RE (оөо к)“ 
mk" d 


= 0.842. | & 





Using the emissivity just calculated, and varying T, from о to zoock, the 
folowing plot can be Constructed based en 24. (ж) Above 


250 
. 200 
150 


100 


(Qe (Ww) 


0 400 800 1200 1600 2000 
T,CK) 


Noka fee rapid growth In Qe with Ty : 
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PROBLEM 2. 44 


KNOWN: A sphere of known surface area, Temperature , ond emissivity 
emits thermal radtation. 


FIND: Determine the rate of thermal emission . 


M zi IA: A Qe 
E 20.6 T= 0.1 714x108 


° mM 
ASSUMPTION: The. Stefay вш /ћ. Н “at 


Boltzmann law applies, 





(2- heart 
= (000°F = [4O0°R 
ANAWSIS: Using Eş. 2.23 


4 
О. = ESAT, 





«CO )(011мхіб® Nia ##®)(1чео *&)* 


віч. 
hr. Ri 
= S60 7 Btu/h | Qe. 


ےه 
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PROBLEM 2.50 


KNOWN: Data are provided for a Llat Surface cooled convechve ly by 
a gas. | 
FIND. Dern the Aange of the heas trans fe rate for Cooling by 

free сом чес | m. By freed Cow vec] m. 


SCHEMATIC & GIVEN DATA: 
Se ANC е eru ке 


Gas, Tg = 800 |< 


⸗ T= 350 
a. b K 


| | a 2 м 


ASSUMP TION : lJea.4 trans fer be tw een Tox surface and pas. gas ee by Convechon. 
Avacrsiss Using ЕЈ. 2.34 








Фет h A (Tb - Tg ) 
> м (2 mè)( 35 - 300) К 
2 | 
= (оо м‘. К) | Or) 
Wii th data AY to Ta ble 2. | 
h CW /m'-« ) Qe fron Eq) s we KW | 

а: 2-25 0.2. —2.5 "— 
fote& Convert * 25-250 25-25 аА 
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PAD@LEM 2. 51 


KNOWN: Energy transfer occurs by 


conduction Hero ugh a. composite 
plaue wall, consisting of two layer. 


EIND: Determine the ste 


J - state heat Flux and the temperature 
at the interface between “the layers. 











T,:1260 Û 


T Cx) 


= ©, T,= 500% 
а. insulati 
brick ; insu ai. Disi 
Ky 74 Btush- 4. | К; = 0.05 Btu/h. f-*£ 
AX, = Gin. 


AK = Най. 


ASSUMPTIONS: Q ) The wall is a closed sy 


1) stem at stead 
temperature distributions are linear iu 


y state (2) The 
both lowers C3) The {идо lagers 
are in perfect thermal contact.) The Hermal conductivities ef both 
layers are uniform. 
ANALYSIS: From Eg. 2.31. 


© 


(ж. s) 


- 4. 
brick — 





insul. 
Siuce the temperatuve distributions ave linear 
i " K T.T z K: ilr g 
1 b OX, 1 Ах; 
or 4 2 اتآ‎ = la | (x) 
Ry Riu 


where Kp = YK), Oued Rj = буа [Ac ‚ From (ә) 
| TT- Fb Ck ж) 
Combin g (ж) aud (6) 
4 = T,-7 Ts 


(kx) — 
Ry FR; 
| nserting values 


(afiz) ++ h-°R Ч[12. 
= 2 0.5 л—— e 
b (ц ему. РР) — 


: : _ lh.“ 
— Ё; тт 


asa? 
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PRDOLEM 2.51 (Cont'd) 


Thus 12.60 - 5eo 


ш I лд he % 
$ (0.535 146-66) ' А 
Now, inserting values in (#9) 


T, = 1260 - (47.19)(0.5357) 

1205 °R » T2 
|. The form of (K¥*%) illustrates the analogy between heat 
conduction rough a composite wall and electric cu rrewt flovs -hrough 
a series of resistances. The temperature difference йл the numerator 
is analogous to aœ vottage difference , and the value af Ry amd E; are 

"Ter wo " resislo.ces " analogous lo the electrico resistances. 


PROBLEM 2. 52 


KNOWN: Energy lranster occurs trom the side atr to the outside алс 
through an wusulated frame wall. 


FIND: Determine the steady-state heat transfer rate through the wall. 
SCHEMATIC 4 GIVEN DATA: | | 
|. inside aic 
Ti = 70°F 
A14 =1.5 Bh. WOR | 
| do os 
ASSUMP TONS: (1) The system is at stead wi 
State.(2) Newton's spl j^ cooling e 
for heat from the air to the wall. 
(3) The temperature distribution is 


linear Hrrough the wall. (4) The thermal 
conductivity of the wall ts uniform. 


outside air 
Te? ~\0°F 


ho b Btu/h. HR 
- Two 
- bx 3 6 \. 
| = 0.0318 Bh/h.HR 






ANMNSI¢: For energy transfer between the inside олг avd the wall 
Q, = hh. A ст; -т У Ga) 
lor conduction through yue wall 
; dT _ Twi -Two (2) 
Q,= KA ax > KA ERU ICE ) | 
€ Finally, for energy transfer between the wall and the outside air 
Qo = h. A CTs -Te) (3) 
Now, from (1) | 
жым э ш т-а. (= (4) 
Гы. ^ H à (RA) 
Awad, from ( 3 ) ы [ . | 
Tuas T+ Bol TA) 5) 


Combing (2) , C, and C5), and noting that б, QA 2 Qo = д 
| N. ue A (т, -T:) 
| eL. Ax — 
9 e d K E he ) 


Inserting values - | | 
(160 H?) (530- #50) 


| Q = LL à 5 ft m" | \ 
| | _ Bre | 8 BR, L0 Bh 
1.5 h.t ج‎ — à . °2 | b h.fp2 ee 





, (Q6o)C80) _., 
Спасу ^72. 8t. 


in the denominator is called Њо ovevall resistance ر‎ ёт “R-value: 











l. Thequantity 
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PROBLEM 2.53 


A hot surface is coveved wilh msulation. Energy transfer 





Tair ^ 3o?c 








K = 0.08 W/m.K 
— — insulation 









| Una 2200? c N— surface 
ASSUMPTIONS : CI) ig à Stem i ect —— state. (2) Newton's law of 
cool ing online for h transfer from the Ги su lo-tow, 1o the alr. 


(3) The temperatuve duct ci bution through the insulation «s linear. 
C4) The P dn A conduchyity of the insulation is uniform. 


АМАМ 516. For energy — lou Conducy uw through the 
TAT UOCE CÓ (Толе ST) 
Q,2-kAST «ЖА зме Te 


Further Хос energy transfer Kom the insulation to the алс 
Qe іл. А ( To Е = 
A4 steady stute, QA, = A», so | 


KK CT eee sTo) = hn А Ст ل( سیآ“‎ 
Salving for L- 
У. (Тике - To) 
n (To - Tair) 


With K=0. O8 wfm-K Т\ = wfm? K, 
the plot below Can be. Cows ace d. 


om 
em 


| м ^ 





PROBLEM 2.54 





Process a: AE 2 Q-W +(+50)- (-20) = £10 
E,-E,-AE > Е, = E,-AE 
C =(+50)- (+10) = =20 


SET) 


Process b: ДЕ =Q-W z(r50y-(r20) = 430. 
F,-E,=AE => F, = AE+E, 
=(+30) + (+20) = +50. 
Process c: W = Q- AE =(-40) - (20) = -60 
E-E,- AE > Е, = E,- AE. 
—(460)-(t20)- +40 


LITLE ELIOT 


Process а: QR = AE+tW =(0)+(—9O) = -90 
E -E = SE. => Е, =Е,-– ДЕ 
=-(+50) - (о) = +50 
Proesse: W = Q-AE =(4+50)-(-100)= +150. 
Е-Е = AE DS Е, = ДЕ +Е | 
= (поо) +(+20) = - ФО. 


PROBLEM 2.55* 


KNOWN: A system of known mass undergoes a process for which the : 
work is specified. Tn addition , the changes іл Specific internal energy , 
elevation , amd kinetic energy are given. 


EIU: Determine the heat transfer. 





SCHEMATIC $ GIVEN DATA: T 
Ww --9 КУ 
AZ > 700 т 
Ац. = -o AIT 
Q AKE =O 
9246 m/s* 


ггг? LE 4 Ce ect | 


ASSUMPTIONS: (I) The system is closed. (2) There is no change in linee. 
enerqq.C3) The acceleration of gravity IS constant. 


ANALYSIS: Heat trausteris defermined by apply inp the energy balauce and 


assumption Z " 
E+ АРЕ -AU =Q-W 











The potential energy change can be expressed ДРЕ = mq AZ, amd 
the inkrnal energy change is АО > mau. Thus 
mg &® + MAK = Q-W 22. 
Solving for О, avd inserting values 
Q = МЈ ма 2% 4 ил ЛАА 
س || ر‎ | cou 
= (-Чкз)+(5 ka) (8-6 (100v) lika all TOM | (SF ig 


|. The negative $147 Aenotes energy transfer rom 
the system by heat. 


PROBLEM 2.56% 
A Sy Sten of Known Mass Undergoes o process for wo lucu. the 


NOW 
are Enown, The nihad Speuh'c ih Hernod 


heat ans fr and work 
елеге iS alSo Kwen, 


FIND: De terwnine the finet speu с ги ее n eA energy. 
Schematic L GVEN DATA: 





® Q=-(000KV 
W ==200 КУ 
U, = 300 Ko] к 
ASSoOmMPTIONS: |. А closed system of Ken mass is vuder consderat'on, 


2. Chanaes in Емес and poten hsa. energ cm bo heglectd. З. The 
ini He And fool Stites are equilibrium £e. te t. 


Am AUC YSIS) The chm uw internat Enerj Car ba deternuned fran 


the energ balane — assump hai 
KE + SPE + AU = Ф № 
| => AU = @-W 
Then, we i А ASPovep m 3 J NU м (о-и) , So 


м (чаа у= @ -W 


6v 


чу = Uy = gj 
| ^ 


= 3008 + (- 1000) —(~200) LT 


20 kg 





= ky 
pd O p ай 
од (o " Uz 


ll According to {he Sign Corvenhous for Q and МЈ, Q ы negaki 
When there is a net haat trans fe of Energy fron the syre and 
N o negy When there Wa net work trans f^ oj < ane av. 


lI. 1% Ly stem. 


PROBLEM &.5F 


KNowN. Five kg of Stean undergo an expansion in a piston - ladir assenmb/ 
from state ! do shta 2. During +h process there is a known heat transfer 
+o +h Steam ond с. Kuan. ork transfa- of 2 д um do T.» Steam by a 
Padd Le wheel. Tho Chan л $ у с in der ^ 2 L€ ner 404 steam rs 

alto Crown. : t pet д1 1 

EIN D: De tev nane ha. anoun t of SET transfer ba Co ork from tee 
Steam do +h. piston during tha process, 


SCHEMATIC d CIVEN DATA: 






W... 


piston = ? 


Wow = -18.5 К) 
u, = 2709.9 kJ/kg 
! А u = 2659.6 kJ/kg 
ASSUMPTIONS: |. The Steam (s the closed syste. L. There is Ko change 


in the kineko or poto energy Se omn State | t Sht Z. 


AtSACTSIS: The net work Can he deternuned о an energy 
balana. That a, with AS sU v^ph 042 


AKE + 26 + OU = Q-W 





Wr = Q- AT 
The net озок v thea Sum of the Wore a sto ` a أ‎ with do 
paddle whee | Wow And Ht Work done. m tta poston Wpiston: 
WI = Wow + Woisten 


Rom the “ven in мила han Whw = – (8.5 6 U у where th Vos HM EUIS I's 
yoquired be causa Te- gind dhe has transfers energy to +» پاد‎ Stein. 
С» Wec V WS Ao VAT 


UW + pios = O? 7 OT 


б) OT — Wp- 


Write 


y 


Q – w (Ur-U, )— VJpu- 


Воку Se (269%-6-27099) EI - (ч856)) 


=+3S0 عا‎ J 


where X^ posi hve sign indicates thot RULTGY G transferred Gram {ak 
ean 10 ths piston ao tha Steam Sx ponds dure) tre pers, 





Wei stow 
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PROBLEM 2.58 


KNOWN: A system of known mass undergoes tuo processes [и series . 


FIND: Determine the work and heat transfer for the second process. 


Process 1-„: U, sv; = 4.424 ft/lb p = loo Ibt/rw^ 
U, = 1105,8 6lu/Ib , Qiz = - 581.36 Btu. 


Process 2-3: р = р = bO Ibflin*, 1л = 7.62 £H/Ib 


ws 121.4 Вік /1Ь 


ASSUMPTIONS: (1) Aclosed system is under consideration .(2) Kiaehic 
and potential energy effects can be neglected. (3) There is no work. 
for process l-2 . (4) The pressure is constant during process 2-3. 


ANAINSIS : BY assumption (4) the work for process 2-3 can be found 
USING Eg. a! 


L 
Ws - Кг" = P (V-V) = Р, т(1љ-%.) 














_ Ibe | _ (4% !ЧЧ int | Giu. _ 
(bo A X2 1007.92. 4,434) 7 162 11778 £Y-1bf 


C = 75,21 6M Was 
Use the energy balance to find Q33 
АС,» = 0.3 - М3 
With AU > тди. 
Qas = m3s-Uz) +ИЈ з | Cx) 





To qef Ua , use the energy balance for process 1-2. 


о 
M UU. -UL,) = Qa 7s ! 
u, = 82 pu, = (581.36 Blu) + 1195.8 | 


4. (2. lb) 
= 8/5.12. 6]u/ tb 
Thus , from (®) 
9. = 2)(1121.4 - 815.12) - (15.21) 
= 687.8 Віц, Q23 
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PROBLEM 2.549 | 
: A storage battery is Оламе Д by the electric power output from 
& windmill. The worle and heat trausfér rales are known. 


FIND: Delermue for 8 h of operation (a) the total amount of energy 
stored amd (b) the value of the stored energy. 


SHEMATIC $ GIVEN DATA: 





Ri Gennekw chelvicity чашей 
| ate РИ at $0.08/LW-h 
i | 





a а 
ASSUMPTIONS: C!) The battery is a closed system. (2) The work and heat 
trauster vales are супи. 


ANALYSIS: (a) The amount of energy Stored is found from am. MN; y 





oMce | 
AE = Q-W 
To evaluate Q amd W, respectively 


t2 
Q = J Qdt = Q 4t = (-1.8 Ew )(8 h) = -14.4 &kw-h 
' | kTls 


P =- 51840 ЕТ 
2. e 
W = Jj, МДЕ = W At = (-15 kEW)( 8^) =-(20 kW-h 
| I»eoo| _ 5 
= (| | = 41.32 ×0 kI 
Inserting these results in C). 


Gn 


pen 
th 








ЛЕ =(- 5| 840) — (- 4.22xi0?) = 38x0 LT, AE 
(b) Tf electricity is valued et $0.08/ І-м. 
value of th 


: 5,5) |. .08/ lew- 
Stored energy = (8.8 x10 n aid 3660 — FEN) 





= 4 8.46 





Valu 


PROBLEM 2.60 


KNOWN! An electric. motor operates ot steady State. The electric power 
Input is q iven aud the shaft power output can be determined. 
Aw expression is given for the heat transfer vate. 
EIND: Detevmine the avevage surface temperature of the motor. 
M ATIC GIVEN DATA?’ 


3 а -hA(h-T HA = 10 Blu/h- 
Q | Q hA( T~ Te) LEE R 





ASSUMPTIONS : (1) The motor is a closed System. (2) The system is at 
Steady state; ай operating data are constaut With hme. (3) The normal 
sigu conventions for heat and work are used. 


ANALYSIS: The vate form of the energy balance reduces as follows 


а КЕ" арж ду" „_,. 
BE SEE SE э CIC HEN 


| BIS Walec + W koft 
OF , using the gwen expression for heat HWaufer vate 
| | -WACT,- 7.) = Wuec* W shaft 
-— Solving {ү T, | | 
| | Waec + Wshaft 
T, = —— +T, 
| (- WA) 
Evaluatmg the work terms 
W дес == | Btls = — 36600 Buh | 


Wen 3 Jw (14.4 Ht. be (5o0 zx E eres 
2 3489 miu h 





Finaly | 
(-3600 +3489 .) Bha/h 


Тр = —— + 540% = 8 
(- 10 Blush. *R) 


4) °F | | E | Tb 








1. Note that When Ty» Te , Q is negatwe , denoting energy auster by 
heat from the motor to phe Surroundings. 
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PROBLEM 2.01 


own: A closed system undergoes a process with a known heat transfer 
rate, and the power varies as a specified function of time. 


Find: Determine cay the vate of change of system energy at t<0.bh 
and Cl) the change “л system energy after 2h. 
SCHEMATIC 4 GIVEN DATA: 


„ 799 m 


К -, - 2- [о kW 

Quen) 2 Г o<t< th 

Д L-8 t rth 

— ` where + is iW hand W is in kW 
ASSUMPTION: The system is closed. 


ANALYSIS: (a) The time rate of change of energy at any hme Ё is given by 
| de = 





ДЕ = Q-W | (#) 
M. t=0.bh 
ds - [à - (- &«] = (1o kw)- (- 8-0.6) LW 
£=0.6h — 
a- 5,2 kWa — = d4t 
(b) The change in system en 





ergy is obtained by int "m (ж) over He 
hme period et 2 h. thet is ] p : 


t=2h . . 
Ae > |  Cá-w)dt 
to 











tlh f 
= ОД - -8t)dt + (~8) dt 
Q at |, „С 8t) М | 
1 2 
= (-10)(2) - [E9] - [евә] 
= -20- [C4)] -[c¢-8)¢€2-1)] 
= -8 kW.h 
Thus 
@ ЛЕ = -2 TES зеза -28,800 LJ, 1 ^E 
| kw th 
|. At t=0.0h, the energy of the system is decreasing at a rate ef 5.2 kW 
because the rate of erga iuter out by heat exceeds the vate of 
energy transfer in by work. 


2. The negatwe Sign denotes a net decrease of energy over the time 
pev tod. | 


PROBLEM 2.62 


KNOWN A storage battery develops a known power output as a function 
ime. 


FIND. Plot the power output and the change in energy of the 
battery, each as д function of time . 


SCHEMATIC Ф GIVEN DATA: 





* W = 1.2. exp Ct/co) 
(tohere. W rs ти kW and t is time in s) 
Q =O 





о ешо oe e Ф 


ASSUMPTIONS: (1) А closed system is under consideration (2) There. is 
no heat transfer. | | 


ANALYSIS: The time rate ot change of system energy LS 
E . яо. _ E у 
£ - Д-р ج‎ АЕ =-w 


or dE (-t/ 60) 
22 -sS |.2 ежр (- 

it P : 
Integra hn frown 120 to any Kume t 


+ 
— el ер а „ы. (exp tleo) -1] 





=]? Lexp(-t/6o) - 1] «J 
(4) Using software to plot W avd AE vs.t Anging from Oto 250s: © 


15 0 

-10 

-20 

= i | -80 
= z -40 
= - 
0.5 4 39 

| -60 
-70 

0 -80 

0 50 100 150 200 250 0 50 100 150 200 250 
t(s) t(s) 


(b) Inthe hmit as € >œ, we have W¬ о and 4E > -1ZlkT. The plots show 
that these \wits are approached closely after «бом 225 5. For times 
greater Mau his, no more electric power is developed by the battery 
aud the energy remains CO nstant. 
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PROBLEM 2.03% 


KNOWN: A gas of lenown mass expands ina piston - cylinder from a specified 
initial strete to a known Айа ( үеѕс (4 и. The pressure -volume for the 
process is given. Also, the specific sternal energy change is lenown. 


EIND: Determine the heat transfer for the process. 
SCHEMATIC £ GIVEN DATA: 





p= Я bar, V = 0,02 m? 

p; 2. bar 

pV 2 constant 

ASSUMPTLON: CI) The ЕУ isa closed system. C) Kinetic and potential energy 
effects are negligible. (3) The proces is polytrepic with руг constant: 

AN/ : The heat transfer can be found Using an energy balance. First, 
Find work using Eq. 2:17, as fo lows: 


Ve ye : 
W = J pav z L Is AV 














Tntegrating and sim plif ying 
W = Р. V2. = P, Yı 


с1-1‹ 2-) ij | 
The volume at the firal state is Va =(P/p,) CV, = 0,035 mf. Thus 
_ (Abar)(0.063Sm3) —(€9(0.02 — qoSN/m*]] ІКТ 
W = С1- U2 ) | ı bar M io? м-юм 
= [0,5 kT 


Now , to get the ы ‚ begin with He energy balance 
A E +Afe+ AU = Q-W 

Solving for Q and noting that AU = m Au 
Q= мт ди +W 

(O3Sk4)( - SS kT/E4) + ( 10,5 kT) 


AS kq 8 


О, 


|. The heat transfer is positive, denoting energy transfer by heat 
to the gas as it expands, 
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PRORLE M 2.64% 


known: Airc contained jin a rigid wel -insulat d tank rece, pe s energy 
at «a spec: fied rate from ©. paddle rbot. 


FD: Deternune fre spec fic volume at the Fina state, the energy 
trans fae by Work , and {е cht WA Spee fire (n dern e. energy of the or, 








NES Ow 
A == OW , At = l h 
m 2 kg 
ASSUMPTION S: l. The ar iS the cloted FY Se n ` 2. for th зу тм, б) =O 


and {Ама art مہ‎ Chonges „< Ени е @nergy and Potent ok ener) 
3. The ied and Pnet states are eg vi l briu w States. 


ABALTSIS: (6) Since te Mass and Volume qare eath coms taut , 











+he Spee fc volume at Stu tes l and Z are ھا‎ Sava? 
Му 2м; . T Varo " 
Va v V / vn = (0. we) (2 ка) = 0.3 Е < m 
(о) To evaluate W, (^ esra te 
dh th h \ | Jls 36005 =| 
АГ > | Wat = | C iow) й * C1o w^) [ту Lh los. | 
А " 2 ~ 36 kJ а —— — — 
(cy The chmge iA spe «fc Vin dayne tuerjy Cm lo fora d Kom an <иегд у 
balance: | _ | 
a + ое + АЧ =Й WD m wm Au = — W 
ae 
u-u- СА) 
Ww 
= - (-36 kT) = (9 k3 ee 


2 ks ~ ка 
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PROBLEM 2.65 


KNOWN: Ам electric vesistor-transfers energy at a egnsfaut rate to agas 
contained ѓи a rigid Hank. Heat transfer between te gas aud Ha 
surroundings occurs às o specified functum oft time. — 

Emp: (а) Plot the time rale of change ef energy of Hagas for os t< 20 miu, 
(b) Dekrmiue Ие net change (и energy of the Gas after 20м. , Cc) Deter me 
the cost of the electricalinput “tothe resistor. 


SCHEMATIC Ё GIVEN) DATA: 
Q — = -50 t 


where Q, ys in Watts and t is bu min. 





Qres > 1000 W 
cost of electricity = H0,.08/cW-h 


ASSUMPTIONS: (1) The Jas is a closed system. (2) The enevgy transfer from Je 
resistor 4o the gas occurs at a conslawt rate .C3) There ts no work. 


ANAN SIS: (6) The. Hime vate of Champe of energy is 
дє - 7 e =, dE — А 
dt ` à- > at ~ Q surr T G yes 
Or 
2-Sot +1000 (ёи min., 4éldtinw) | ar) 


Using software to plot dEldt vs. t ranging from О tezomu: 


1000 
800 


600 


dE/dt (W) 


400 
200 


0 + 
0 2 4 6 8 10 12 14 16 18 20 


t (min) 
(b) 1 ntegrating (ж) from t= © {о 20 min M 
ДЕ = IRE Sot +1000] = -CP ) + + (000€ J| = 10000 W.mm 
2 о 








= (10000 W. min) roa [225] = (оо КТ ДЕ 
LOW | muy ў 
(c) Cost of electric input = (A kw )(zomiu) | Ih | $ 0.08/ kw-h) 
60 mn 
= £007 P TN electric fou 
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PROBLEM 2.66 
KNOWN: A known — of steam undergoes a poly tropic process Пл a 


piston -cy linder assembly. The initial ana final states and the heat 
transfer are specified, 


FIND: Determine the work and the hnal specific volume. 
SCHEMATIC $ GIVEN DATA ` 


= п = 1. 2. 1} | 
oy | State 1: р = Soo Ibf/iw, u; = 1.701 ft [b 


U, =1363,3 Btu/ lbo 
Stat z=: U> = 990.58 Blu/lb 


| pV “= constant а) =- 342.9 elu. 


ASSUMPTIONS: (1) The steam is a closed system.) Kinetic and potential 
energy effects are negligible (3) The process is polytropic with n=2. 


ANALMaIS: TO determ i^e. the Worle, begin witha the energy balauce 
AKE + oF + AU = Q-W 
With AU = meurz and solving for W 
| W= Q- meiu,- ) 
(-3423 Btu) - (1.2 10)(940. 58- 1353.3) вкл 






1 


104.4 B —— — OW 


To get — begin with EG. 2.17 and имле the poly Tropic process expression 


Va. Vo "Ue 
W J, PAV = m J r4v = m Ср, v; JS, ay 


=- m (5, v) ( v; - s) 


Sol ving for oa 








llli W_ 
Vz e "p, v, 2 
«( | )- (оч Blu) — 778 ft4bil] 1 f+? 
1.101 F43/ Ib (1.2 Ib) C500 169си) (1:101 ИЫ 1 Btu [1144 ти? 
= 0.2620 
Thus 
® U SS O ea s ee 2 


|. The increase in volume is consistent with the positive sign for Е 
work , denoting energy trausfer out of the system by work. 
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PROBLEM 2.67 


KNOWN: A known mass of gas undergoes a polytropic process between 
TWO Specified states. The relationship between pressure, volume, anf 
internal energy is known for the gas. 


FIND; Determine the heat transfer. 










2C اا‎ -4 GIVEN OAT — " Р, = 60 lbfliu*, v; = 6.0 f^ |b 
Y in ә 
ASSUMPTIONS : Qı ) The gas is б. ( f2720O0 — 
closed еи . (2) Kinetic and „ | РО! = constant 
ofeutial energy effects are /m=lolb /, For the Gas 
/ 


u = (0.2651) p —95.436 
(where z is in {#”/ЬЬ, р is 
ги ги, and u is in Btu/lb) 
AWALNSIS: The heat transfer is delermmed from an energy balance. 
First, determine the work. beginning with Eg. 2.17 
272 - Р, а 


Vz V2 
E AV = Const. AV = (BVa -PY) a Pz 


Negligible, (3) The process is / 
polytropic with И = 1.3. A 





124. 3 


Evaluating u; 3 
Р, ts bo (.3 
Vz = =) v, = (55) Ф.о) = 1331 43/1b 


AO 
Thus (до !®&и®)(13 97 Hb) -Ceo (lbo) luy i] | 1 She 
W = (10 10) (1— [. 3) 16 778 €+.1bf | 











= 441,3 BHA. 
Now, writing the energy balauce 
Ak& + АРЕ + AU =Q-W 
Noting that AU = V (u5-u,) and Sol ving fer Q 
Q = Yy) C-u) AW 
Evaluating Uru, ) 
(а-чу ={(0.2651) (2013.47) - 95.436] ~[O.2b51)(bo)(6.0)~95,426] 
=-21.37 Bhu/th 


Finally 
Q = (о I.) C222 OM / Ib) +(497.3 Bha) 
Q 


0 = 233.6 о, Е E. 
Е |. The signs for work amd heat denote energy from the system by 
work to the System by heat, respectwely. 
ا‎ O] 


PROBLEM 2. 5* 


known: An electicat resistor transfers energy de a gas ET ih 
om Nerea. on нер — 


END: Deternuine he Change in internal energy oC the 425 


SCHEMATIC L GIVEN DATA: 
az-2€t 


faim = " 
алы Арам = (2.18: 
piston weight = (000 Ibe 









o e ab amp 


| piste On 


Wetec =>- 584.— 


Le LITE |l. Tha system ы the piston plus the gas. 2. For the piston, 
=O, AKE=0. ‘Per tus gas, APEZO, AKE=0. 3. For the sy stem, Q =o. 
Friction be Hu een Piston and — Can la : `9 “тес. (f) The mass of 


a eVlecticat Гез {ог i< neslisible . So AU=0 for the . Assistor. 
9A LYSIS: An energy balance for the — Ao doo 


ж. + \ APE) piston + (бе), | = [AG ль + (AV) gas + TN 
= U 


(APE) piston + (A U) а; - -W Р 





of 


For the ре: | 
(APE ) pst = man) 
For the System consis hng 1 Freely -moving piston ed and JAS) + 


War Work o Te Sumeh te. eho civicet Work. And 4 work done. at 
qe ton of te pus Ln sLespla ung +t. Surrounding A Tree sp Аат i 


WN = VWelect + ja. А piston ) «2. => W = We lect = (Paim A piston) (22-21 ) 

Collecting кеў ۹ں‎ | 
| ma lat ) +. алг) = — Welect -p TRIS CREE 

[hus (оу, = -Welec 7 быз A piston (Фаг = ل‎ -mg (=e 


= бев) tton ra, |2 (оом) р, 








= |, 929 Btu p 82 


PROBLEM 2.69 * 


KNOWN: А known quantity of air undergoes a process ing vertical 
piston- cy [гк dec assembly, The initial and final volumes avegiven, and 
the change v^ specific internal energy is speci Fried. 


Ем: Determine the heat transte г, 


ЛҮКТҮ Г Paim = 100 Р. 


M vist = 50kg 

Ары = Ool m? 

Marr = Sa = 0.005 

V, 3 SL = 0.005 м? 

V4,2 0.002. m? 
Au. 7 - 260 kT/kg 


ASSUMPTIONS: (1) The air is a closed 
system. (2) Kinetic and potential 
Energy effects are negligible for 

the aw. (3) There is nd riction | 
between the piston and Њо cylinder x 
wall. (4) The process Occurs Slowly ^ 
with no acceleration of the pisin. 
(5) The acceleration of gravity is 
constant, 4 = 9.8! m/s? 





балах: For the piston, ER 20. Thus,if р is the pressure exerted by 
e aw 


Paim Ар Р Аре = р vate rist " Mist 9 























M pist 
P Pain t MED 
psf ius E 
: 2. IN | КЁ 
„лоб C.50 kg X9.81 mis») kPa, 
Moist d (0.01 ил?) г kg-mis| | lo? N[ m 
| = 144.05 }.Ро. 
To find the worl. for the process, use Eg. 2.17. Noting that the pressure 
15 constant 
Va, 
W = Ј pav = pCV,-V.) i 
К : 10° Nim2 ЖЕТ 
= (144.05 lea.) (0.002 -0.00S)m TUS — 














= ~ 0,447 КУ А 


D | 
Now, the energy balauce reduces to sé HE +АТУ -2Q-W. Thus, with 
AU = Mair ^t 


Q = Maur GU EW = (0.005 leg)(-2GOS ) + (-0. 41 k3) 
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PROBLEM 2.%0 


Known: Д qas uwdevgoes a process Iu o piston - 4 Itnder ass ем (4. the 
Piston is constrained by aspring with a linear force displacement relation. 


EIND: Determine (ay the iwirial ovessuve of Me qas , Co) the work done 


by +e qas см the. giston and (c) The heat trauster, 


SCUEEMATAC 4 GAVEN DATA.’ FE 
F. 
l 2 $ 


Patm = 1 bar 
Ари = 0.0078 m? 


pring = kx 
= k= 9,000 N/m 










SS 


ASSUMPTIONS: (1) The qas is a- X42 0.00 WM - 
Closed system, (2) There is мо friction 
between the piston aud cylinder 
wall.(3) Ме process occurs slowly 
Wit мо accelevatim of Hu 
фэном. (4) The acceleration of © 
осем is constant. (5) Kinetic 
and poteutial energy elects are 
negligible. — | | 
ANALYSIS: (a) Тиеу , tro spring exerts Wo force on the piston, ہسادں‎ Cl w e 
rest. Thus, wih ascumption 2. T^ force exerted by the gas Ow, tA 
botom of the piston equals кә piston weight plus tt. force o ftv atmosphere 
achng on the top o ft piston, That (5 


922.81 m|s* 
for tha Aas 

uz 2.10 к9]Е9 
uz: 35765169 











Pabu Apist | — Ras Apist = (meist Ф) + Paim A pict 
| Гене ] (gas = hme "PS _ | bar | too ef + Чо Kq)(7.81 [s IN аке, 
— } | | Арг вас (zext me) [19% го Nin? 
Faas Anis} 2 112. 6 kPa — | 


gas 
(t) As +h. piston moves from x-o to x2 0.00m) T^ S prins force acts , Then, with 
| Q SSUM phing 2 and % 2h70 reade 


| | = Cmestq) + hatm Apist + Kx 





— — | К RES Ж 
— | The E done °ч the a on * P sto Lo Jiven by 
ЗА = {‹ Pas Apıst) d X = | L fach Apist + Mpist 9 + кх [dx 
X, Xoo = i 
| _ 409.06 
* [e Ate most TP J, 


[ COSM sort) + Go ep m) se] ] C0) 


| t 
+ que кеа) 


no 


[ 780 N + 98:1 мом) + 16.2 Nem = 68.89 


W 


(ку The onary balance for tho Syste m Consisting of -H~ Gay. reduces + 
Ач = © ANY Then, with QU= мда (Чъ- U4, ) | | 


Q = Maas (Uu-u)- МГ 25 Q =(6.59) (385-210) & + 68. T = 131-4 Jj-4——QS 
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PROBLEM 211” 
— Д System undergoes a cycle consisting ef four pocesses tn 


—— Conplete the table of energy values for phe رمك‎ ал Cb) 


mine Whemher the cu ele iS a power cycle oY a refrigeration aycle. 






W 


i. Q 
1-2 (o ОО С -(o00. 
— a d -1300 
ood -100 O e, 
= b Soo 700 
ASSUMPTIONS : CA) The 5 stem 15 a closed $ stem. Cb) 411 " ol al 
energy effects cau be neq lez 7 иес amd potewha 


AUALYSIS$ Ca) Beg nn wg wit Ma process Ц ~ | 
b, AU=Q-W у AU = 500 -100 = -200 => Ь = -200 


Now, Çor we cycle, 5 (40) = О. Thus 
a. о. + (00 + (-100)+ ( 
ЛЧ) = В -W 
с. Woo = C-(-(G00) = C =0 
d. 300 = d - (-(500у => A= -[000 
e. -700 = O-e = e= {ОО 

(b) Foe the cycle 


-200( >0 = A=300 


Weycle = Wig t Wa + Way t Wai 


= ( (оооу (-13 00) +(100) + (100) 
-500 


Since Wc eccle. c. О, the cycle LS A ce eiae ration 
cycle. 





l. Foe the cycle , ^ oto. Lhat 


Qeycle = Qo + Qo, + Qu t Qu, 


ji 


(o) + (-to00) + (o) + (Sool) = -S00 


Thus Reale 7 Weye le OS exp ected. 
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PROBLEM 2.72% 


KNOWN: A system Undergo eS A «e ren oc namic cycle consisting of 
Cour proc esseS in Series. | mE 

EIND: Complete Pe table of energy values provided Cor the cycle ard 
determine uhaher tre cycle is a power cycle or a re Crigeration cycle. 
SCHEMATIC + GIVEN DATA; 






Process AU АКЕ АРЕ AE Q W 

! 2-3 64 0 cC e 90 k 

34 egy b 0 С К 9 

4—1 СФ 0 3 9 А 0 
ANALYSIS: For a cycle, me overall change v^ every Property value 
is шего. А 
a. EloU) =O. Па +09 -97-о =0 c7 © > – 34 
ы #(аКёуто. -=+о+Ь+о= Оо => b- 5 
c. = (2РЄ)=0: -b+c -O- $3 = Оо = CFS 
AE = ^0 + КЄ +QPE . 
d. а= ta-S-& د‎ 4-01 
e, e= (U +о+с =) е = G6] 
£. ج‎ = -97 +6 +0 => C 2-92 
дй. а= +O = а= - 50 
Gc — Q * \АЈ/ p 
he fsh- = М=О 
A. q= A-O => А. = — Sto 
.ل‎ а= О-у => jy = -bl 
k. е= 40-кК 5 k= 23 
Eor the overall cycle, Часе 7 Reyele 
Weyele = -bl 23 +42 +0 = SM Checks the above 
* К calcu lat Lons. Mso, 
Qeycle 7 O-90 +0-86 - S 4 note knot 2 (aGy- о 


Gince Weyele 72 О, the cycle is a power cycle. 
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PROBLEM 2.73 


CNOWN : A Gas undergoes o thermodynamic cy cle consisting of Mree processes. 


FIND; Determine he heat transfer amd worl. for process 2-3 , aud whether 
The We Tor power cycle ora refrigeration cycle. 


f GIVEN Dara: The following data ave given foreach process: 





Pipes l-2.: e аи with РҮ = const. 
Vzl.om? to V,=0. 2w* 


E U, so | 
Process 2-3: Constant pressure fo VV, 


Process 3-1: Constant volume, U -U 32-3549 kJ 








BEUYMOTIONS Сї) The gas is aclosed syctem . (2) Neglect kauetié and 
potential energy chauges .С8) The comp ress ew from Stade 1 fo 215 б. poly - 
Tropic process. 


ANALYSIS: To find Ha Looe for Process 2-3, use EC. 2.17, with constat 
pressure zl 
o {рау = Р, (V2 - -V,) 


sting the p-V relatim for process (-2; р. : Qs, = Э bars. Thus, with 
aV. C je 
САБАД 














5 
8 го? N/ m> \ kJ | 
W23 = (8 bars) (IG -0.2)т? — "we FUROR 51120 kJ W23 


The energy balance for process 2-3 reduces to 
= (U,-U,} Was 
‘lo get Uy лл J Hat for the yeke, AU], O. Thus 
(y+ (u, о + (U,-U,) =0 — = - (U) = 3549 T 


Finally , for m 2-3 
= (3549 E3)«( I| 20 kT) = 4669 ЕТ — âz 


` Next, 2, ares so Qa ial | Using B. 241 
QW, JOE ру, dus У ` s) (Тг =) {48 


Aud | Kr process 3- : wis =O and Q,,2 15, 17 U3 2 - 3544 X3, Collecting 
various results 


Werte ^ Wiat Wes rh =) 332Л} (ито) > +767.3 ЕТ 
Sce Малое 20, the cycle is a Gower eyele. 








51-3227) 





103 
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PROBLEM 2.34 
KNOWN: А gas undergoes e Ша OS жыш. cycle coasts hng of 
+hyree processes. 
T^0]0: S ketch fr. € y che on a p-V diagram. Calculate WJeyeta , Qaa у Qai) 
and detevnune, whither the су cha co a power or reprigerstron Cy che, 


ScHemaAatic 261060 DATA: р 





| pV = constant 


— wD чы» amb — 


-2>. Vo 0.02.8 w^ CO,-U,-260.4«J 





2 
2-3: pV = Constant |) C73 со; 
31: p=l.4 bar, Мі = -10.5ЁЕ7 
v 
ASSUMPTIONS: l- The gas to the cloged sy Stem. 2. For the system, AKC =APE 


=o. 3. Volume chomar Bra only work mede. 


S 


Ак дит: (b) Weyele a Wire Maa + MI Since Volume c» constant and 


Volume change 8 tie on ly work weds, Wiz = О. fo find Wr? 
Wi 


Мз ы V: V: 
z c. ~ Can 3 = р, № M “З DAD. 
Was [pev = | ЗУ € c^ Nx e 
х Va 


we To evaluate Va 


Wa; = f psv = p (V-V: ) => vg = Vi = Мз, /р 
Уз 




















3N. 3 

* Vez 6.028m ~ (-10:65) К E vm) 20.103 ™ 

с q. 4 bar) ю Мм? | | teg 
Then kI 

lo$ y |m? >) jm 0.103 \ 2 18.72 ЕЈ 

=; (1-4 bar) — (0.103 (95$ 3 TD 

ды —— = Lə cT. Tho cycu a power 
8.48 + C-$)* ¥ ee 


Wey مف‎ = О + 
о 
(с) An energy balance fr 2-3 gives Q23: pu 
(d) То evaluate G3! begin with an energy balance together wi 
U, -Uz = sim Мз m ۸ = (tr, -U3) + Ww 3). 
Li wtynakt energy fr tw ex C, T(aw) =o 


o 


AKE saf = Q23 - W3 DO- W23 зз 
fr ass umphm c 


Since {асе Û ne ovsrall Change 
(CLT) + (U3 О») + (Ui-U3)=0 =? 
216.4 — lo) = -26.46 У 





CU. -U3) = 
Then 


С) | (озі = (-26.4) 
|| AS a Check, note frat Reycie = w сусе, Meycles Gor, + Q: Q 


— (10.5) = – $64 ЄЎ « 


31. An energy 
balance for -© Gives @Oiz~2e.¢keJ. So Qeda = 2.5.4 + 18. 78 + (-36.4) > 8.28 ЕТ, ww cc. 
chces +09 лро of part Ce). 
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PROBLEM 2.75 


KNOWN: A closed system undergoes с. cycle consisting ot Жее. processes. 


FIND: Sketch the oy de On о. p-V diag vam and calculate the net work 
2% the cycle and the heat transfer for process 2-3. 





SCHEMATIC 4 G\VEN DATA: The following data са ven for each — 


Process \-2: Adiabatic com тра with pV СЪ const: 
from р = = So 11+ V 23 $47 +o V22 | £x 


Process 2-3: Constaut л 
Process 3-1: Constant pressure ,'U,-O, = 46.1 Bu 








ADS UM IONS: (1) The System is closed. (2) Kinetic and potential energy 
—— ove меді ќа tble.(3) Process 1-2. is poly trop іс. 


ANAWISLS : (0) Since process 1-2. \$ 0. poly tronic COMP YESS LOW the Р-У diagram 
for the cycle 1S 














2. 
e 
3 j 
V 
(b) Use a 2.17 A evaluate the york fov process 1-2 е 
۱.4 
Wa = Qi" Eod * CONG: n e. 7 PM —— ) 
= &o ье у: изу [aen Coon" чч ine wêj] l Bk 
Aw ENSE CC RE К ПЕС 778 ft - Ib, 
= ~ 38,2 634. 


For process 2-3: Wag = О " 
Finally , m pee 5-1 use €q. 2.00 : Wa? \ pav = P, OVV) 


D E А 31144 in? A Bh = 
"" pas. Percy $42 || 298 tt-1ib ee ИРИ 


Macte = Wa t Wag +g, = -14.14 ө. 








Thus 





(с) For the overall cycle qele ^ Weyele 
f Qu Оз. =W wele 
Q23 = Weyele 7 ©» \ : 
Cor process 3-1 5 AlcE CAPE + CO, -U3) = Q3,-Ws, => Qa = UTU, + We, 
©з, =A6.1 418.51 = +65.21 Ber 


hually б.» = Меде x Asi = -14.74 - 05.21 > - 85 BW ! Q23 
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Qin 


Thus 


Energy Balanca : 


Ueyda - 





` PROBLEM 2.76% 
fior body ~ 
: ⸗ W = “м T 
c Ом: 50 k3 ее Ё — د‎ z 
= SO -3S = [5 EX. Месје 
_ Nua 15 _ — 
E EU | So 7 3 (302). —s 
и Р Weycle P" Qiu ~Qout „ |- Qout 
| T^ Qin Qi 
Selviing for Qu 
Q: " Qeut _ qo 
^ a (= 38) 





Маде © M Qa, * (NS 








Weyets = «0900 Bw 
Qout = 2000 Bh- 


Q счел‏ = یك پں لیا 
Cu. =T Q oua‏ = 
СО оля‏ + ہی Qin = Uo cq‏ 
q000 + OOO‏ = 


= 12,000 Bru 


=) 


4000 Btu 
І (3,000 Blu 
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PROBLEM 2.14 
Риеуй u balauce : Wede = Qu, - Qout 
Qu = Мале + Qout 


Hot body 
= 800 +1800 = 2600 Blu. 


Qout 3 1B00 BAL y= Мосе _ боо 
Qiu 2600 


= 0,208 (30.8%) n 


Маде = Фоо Bk 





PeoREM 2.80 | 


KNOWN ` Operahang data are provided for a power счс о. 
Бю: Deteynune the wt соле power `$ developer, tha net work 
oud uk annua Ma j and UC VoU 1, Ha we Work, uw 3 /4ear. 


Schrmatic f GIVEM DATA‘ 
ао В аа л 





Fue | 


arr 


Qun = 300 MW 


= 33.3 7 


ASSUMPTIONS : |. The system Undergoes a power cq ceke. 2. The cycle op-eve е5 Steadily for 
8o00 h Gnnvall y 3, Tha value of the net work 4 # 0.08 [к\ч. h 


ANALYSIS: 0) To delere W eyel-e 


n 





Y . = . Ww 
nz Weyele sy Weyee= т ©. Е (0.333) (200M) e 
Qin 

(o) Wi th assump hm & 


(o KW | e 6 Weh Wend 
Weyete = (84:4 mw) | | Ee 799 We cy 


C) With assumph’m 5 | | | Я 
_ 724.2 x10“ kwh | с) -46344 коё fuae سه‎ # 
# - | шс EW‘ h $^ 
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 PRe8LEM 2.8! 
EN OWN: Operakng data are provided for © power cycle. 
рило)": | De ternura PN #/ Jeary thou value 4 бл. Power фе nero ХА Ont the — Qi, 





N= 359/0 
WNeyele = looMW 


ASSUMPTIONS: b Tha sy sem undergoes a thernodynanuc cycke . 2 The poc 
Cycle operates Steadvly fr 8000h pe . 8. Electret, 4 valued et 


Фо. [кюк and Qu ot £4.09 /6T 


AWALTSIS! (a) Using assumphme 2/3 


Peces 








"m کک |( سم‎ lo kW (Soeh (422 8 | = #640 /uear electricity 


(0 (5) Garth | 
C q= W суса =) Quz W сүйл - (оо Mw. 285.7 MW 
Qin W 0.35 
[163i a Fain 











(D | - (28s. 7 Mw). || e cms aec $D) = iran fae 477 


| This is 4и operating Cost. Additonat operates costs include phe — 
__ Дог the plant , a copite cost. 


(o> 








PROBLEM 2.82 


(a) (Window air conditioner. 
cold. body : environment inside +ha buclding served 
Vio t body : outside environment 


(o Nuclear power plant, 


Wot tod y : coolant circulated roug +hq paactor Cove 
Cet d body : sea water 


(c) Ground Source heat pump. 
hot kody : enwronment inside the building Served 


Co Id levda : ground 
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PROBLEM 2.83 















` Automobile Engine 
gas out | — — — ——— LLL 


An engine Operating at Steady state has continuous flows of fuel and 
air іп as well as exhaust gas out. Jt also develops a steady — output. 
Although the operation of an engine does not conform to the Strict 

Деб кїр of & thermodynamic cycle , there are similarities between 
an engine and a power cycle ag illustrated sche matically IA Fig. 2.15 Са). 
Specifically, WE Can think of the hot gases formed during combushon 
as playing the role of the hot body, and the Surroundings, which 
intéract With the engine through heat fansfer and the dis charge of 

hot exhaust gas, cum be viewed as the cold body. 





PROBLEM 2.84 * ш 





NETT 
1 Qu - 2400 Bhu \ Weyde 
— Weyete? 300 Bu Моде * Qoar Gi, 
| Quin * бо =Weycle — 
2400- Zoo 

оо 


s * зоо 7 X.O کے‎ 
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PROBLEM 2.85% 


N „ / е Weyde Qout “Qin 
d ou = SOOLT Solving Sor Qiu 
۵ LS Qu, 2 б "d 


5 (soo) ps = 500 EY. 9n 










ч cold body | 
- | Mh. mas 
Wale e ENT 


200 ЕТ | Weucle 


д 


PZOBLEM 2.80 


O Since the cycle opevates continuously 
o 
Моке 
Weude = Qu a 
12,000/2.6 
4615 Bull o Wue 





= 12,000 ВКМ, 


252% 


| Сена у 
Wete = 4615 Bull, Еи 
2545 Blull, 
= 1,813 Ae اا‎ 
e 


l. Cycles operating covihiwuouslu ave commonly used for space cooling. 
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PROBLEM 2.87 


IK MOWA): O pera hg alate are Provided fon a hat pump. 
кә. Deternune the net Power Aasguired to operate the hat Pump 
Ana its monthly cos t. 


2.5 
Сола = 2-о є\\/ 





ASSUMPTIONS, | The SySkm Under anes e. Neat pump co 2: The cy сда 
‚ Operates Steadily for Zoo А monthly . 3. Electricty ы valuelad $9-08/KW-A, 


ANALYSIS. Ca) The сое семі of pe core nca fer the owt PY mp is 





— @ | | 
ie IT ш, Weyer = 200 uU 4 Y 
عك پء ندا‎ — - 2. = 8 k 


(n) Ww assumph wo 2,3 





4 = RKW) Zeh) ( #228) 2 #128/month — و‎ 


oun с. 





PROBLEM 2.88 


ENowN. Opecahng date- are provided ty a heat pump. 


ED: Deternwne tre coefficient 4 per formanu And the monthly cost 
o operste the la ast рек 
SCHEMATIC 2 GIVEN DATA: 


W оса = 7.8 | 
G ous = фбоооовм/К 





ASSUMPTIONS! |. The s y Shem — a hoat pvuwp cyu. 2. The Aa 
operates Stead l4 fo 200 h Илеу. . 3. Blectrral 4 valued ot #0. 98/ kW. А 


ANALYSIS! (a) Une со * L6 Сд е АЛД of р orforman for a hans Py wn » 


X= Qut К ee - 3.02 ¥ 
Weye 2545 Bta) 
єч (7.8 hp) | 27 | 








(e) Using — 2, 3 
# - Cr. Bhp) id aee) (48:28 08 \= ¥ 13 / newt a 


month кеи 














T 
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PROBLEM 2.89 


Known: Operating data аке gwen wra household refrigerator. 


Eid чен the cost of operating the refrigerator for 360 h per 
month. 


SCHEMATIC $ GIVEN DATA: 




















M di boo Bkh 
cold i | 
| | Боду (5 PT T N 
Сти -erior) ⸗ 
| х ` bot body 
, Ckitchen| 
f Qout 





fria era 

i x d —144 ¢ cycle) | 

ASSUMPTIONS: (1) the vefvigeratim unit operates as a refrigerate cycle, 

(2) The cycle Operates steadily for Зоо h monthly. C3) Electricity is valued 

at £0.08/ kwh. 

AwALysis: To determine the electric power input, begi with phe 

2¥press (on for cwefkicieut of performance : pe Go / асбе - Solving for 

the power MPs 

Negele 2 Bini | kw 

_ [©©© Ball) | Є . 

— zas Bil 0.0732 kW 


The monthly cost rake, $ کا ر‎ 


$ «(0.0132 LW )(зьо h month) ($0.08 /Lw-b) 
(D = {2.11 [mona 3 





1. The actual electric cost Jo operate a refrigerator is likely іо deviate 
significantly from pis value due Ho such rs as the electric rate, 
door openings, inserting room-temperature foods, elc. 
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CHAPTER THREE 
EVALUATING 
PROPERTIES 


PROBLEM 3.1 


p*40 lb£/n*: 
T2312,079?F 











— д 
— 8o Њени? 31207'F 


hvo- phase liguid- 
Vupor mix ture 


-eo lett 


T-*0o?F 
Super keetis Vepor 


- 4O0°F 
~312,.07°F 





T= 400°F 
р = Зоо Ibftlin® 


360 Ына? | = 
= سسس‎ 241.4 — E subcooled (compressed; 
Е | guid 
C 
v 
P 
T= 320°F 


89.6 16и“ 


70 рйи > 


J 
P 
is 


р > ТО [pf Vt 
superheated vapor 










T 210° 

Р 2149.7 (btliu> 

Solid 

ee 14.7 Ibia 
< 10309 bE 


in 


10° 


PROBLEM 32 


CA) 









P 25 bar 
T 2154.9 ec, 


—151.9% two-phase ligu id - 
Vapor m ixture 


Cb) 


р= 5 bar 
T2200 °С 
5 uperheated vapor 


P = 2.5 MPa = 25 bar 
T= 200 ©. 

subcooled Ccompresed) 
liquid 


7 *ieo?c 
P = 4.8 bar 


Super heated 
vapor 


T*-iz2?c 
pz! bar = јоо КЁ 


— 100 kf. ы 
„эле ka 


2=# 


Pressure (Ibf/in.?) 


PROBLEM 3.4 


Pressure (bar) 


1000 


100 





-40 0 40 80 120 160 200 240 280 
Temperature (°F) 
—e— R134a 
—*- Ammonia 
— R22 





1000 


Critical point «4 





100 
Tc = 374.14°C 
Dc = 220.9 bar 
10 
1 
0.4 
0 — Triple point 
Tip = 0.01°C 
py = 0.00611 bar 
. 0.001 


0 50 100 150 200 250 300 350 400 
Temperature (°C) 
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PROBLEM 32.5 


100 


"T Critical point 


10 
P= 8.958| MPa 


T 
0 
= 
Ф 0.1 
=> 
Uu 
uv) 
Ф 
à 
5:64 T*300'C 
| T= 100 
A sat. hne. 
0.001 
0.0001 





0.001 0.01 0.1 1 10 100 1000 


Specific volume (m?/kg) 


PROBLEM 3.6 





10000 
73 ut | 
— 1000 ao ge 
с; 
x p Í 
Ф Ё 
5 D 
Л 
uU 
Ф 
„= 100 
10 
-40 -20 0 20 40 60 80 100 
Temperature (°C) 
—9— R134a 
—A— Ammonia 
— R22 


3-4 





PROBLEM 3,1“ 
(а) H0: T=20°C , ww 70 Ў / k۹ 
Table A =2: м =1.0018 ко v / kg ‚мх 57.141 „2/65 


к= -Ne _ 20 ~ 1.0048 x(o^? 
Mo 7 Nc S 7.144 — (.00(8 x(07? 


(5) Propane ; = 15.00 bar , г 20,02 997 ул? / leg 
Table A-'7: Vy = 0.02992 m/s 
=> x=| (100 7, Je 
O Relriqerant Ча j T= wore , м = 0.001 v lg 


Table А-О! v; =о,аҷае v (0 w /leg | v = 0.0114 w/b 


_ 0.00| — O,44€€ x [073 x 
К = 0,004 —O.qQqu&vx(o^35 T О. 0044 (0.49 % ) کے‎ 


(A) Ammonia j P =( MPa = 10 bar , w= 0.) مہ‎ / kg 
Table A-4: м = LES ¥10 ve/ kg, ма = 0.1285 m*/keg 


Weep | Ol- 1.6599 Y (077 
Мыз Tg 0.1285 ~ LOSU vio 


= 0,346 (34. (o 75) e — 


h = 


= 0.7115 (11.5 А) тыл e$ 


PROBLEM 3.8 
10000 
سے‎ Critical point. . 
1000 
100 р = 66.98 Ibf/in.?. 
с 
= 
2 
D 10 
= 
زو‎ 
N 
2 
С. 


0.1 sat. line a 


0.01 





0.01 0.1 1 10 100 1000 10000 


specific volume (f@/b) 


3 


PROBLEM 3.9“ | | 
(оу HO ; P= 19.64 Ibe м^, Faas СА? / |b . 
Table A-3€ :. v, =0.016ла CP /Ib , У 726804 / ib 
-N-e ر‎ а5-0.0001а 4 1119 X 
K^ were T e-go 0.a 70133 (93:34) 7 
(b) Propane j T=-Qo°F j хт =0. O20SS (Ib 
Table A-IGE: v= U = 0,020875 Ce / Ib 
saturated liq usol => X=0 (О — 


Table A- МЄ: vy s 0.01252 £P/Ib , va 0.3422. 00/0 


_ NVG, _ 0.5 = 0.01252) _ © X 
* Tq Ve 0.9422 -0.01252 =0,524 (S24 7%) <— 


(Ay Ammonia ; (--uo?c р WW 20 С? / Lb 
Table A-GE: O 02v Х/Ы, va = 24,8512. СР /lb 
X 


_ N- ME a d e 0.02327 — | © 
bI Yg- JE ~ 24, CLIQ -0,023 ел. 0 goy ( 90 4 3 


PROBLEM 3.10" | | J 
qo | First, find the specific volume | 
=> K E 
00S3 _ | 

mM = A le AJ = V = = QU. 3/ 

У 20083 m akg tom * 
"U- -0gqpxic ^ m? Now, the quality IS 

е U-VUF 0.025 ¬ O.6xco7 7 


v; =3824х107° Хо? 
д “4 = Va >U, ~ BUYO -0,8%* 107? 


СУ 
„О 
M 








М 
S 
— 
X 
N 


= 0.095 (LSH) q x 


PROBLEM 3.11% 


Р 24 bar , T=|00% 
Table A-'% : superheated vapor 
7 =106°c aps 0.07327 m3/leg 


\ Jeng = 7 О o a М =. (О.\ мл?) 
Sat 8 3 ™ v^ (0.01327 M leg) 


— 
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PROBLEM 3.12" — 
v, =V, = LO &Ylb 

Table A- (3Е: 17 = 0.02419 #Р/Ь,т = 9.1100 #РЛЬ 
V LOIL > 


о-о. 
х, - 
— Uta 





Q.|L00 - 0.02919 


-0.107 (10.7%) < X4 





PROBLEM 3.13 


V=0.018 m3 | 
| m =1.2К AF = 
R-22 Pto bar 


V _ 0.018 м? 
Yn — t. 2 lea 


, 0.05 m°/ ka 
Table A- 1: U, U< U, => two-phase 


at lobar j Gap = 23.40°С < T 2 





PROBLEM 3.14 | 











able A-4¥E&: V= 0.514 42/6 

У = м v = (2. Ib) (0.514 42 (Ы) 
= 1.028 ft5. М 
(b) X=0.8 3» two-phase liquid- vipor mixture 

Table А-3®.: v = 0.02154 #3/(b 
V3 = 0.446 #3716 
= Up FX CV; Ue) = 0.3612 VIL 

Vz Q ч J(0. 3612 £*3/1L) 
= 0.1224 (43. — ۷ 
(с) T-200?Fr => subcoled Compressed ) lig ute 


Table А-5Е: t= б. 016580 471b 
V = (2)(0.00580) = 0.0332 Hà V 





PROBLEM 3.5* — — 


М= 1м? 
p =| bar 
x — an = 0104۹3¥ + (0.75) (0,21S2-0.10% ¥10 >) 
О0о wi / le 
vllum) 
^ — ^F ^ (O. lolu w / la) 
m= (2.189 kg 


| Using data from Table A- 9. 





"X 
em — — M ——M —— 


PROBLEM 3.16 














V=2 f4? First determine the absolute 
did pressure р 
Е =f - = + 
к 34а Fgage = 71.34 ЊЕ ги Р Раад fatm — 
Pa 4.4 102/74 = 7/34 +14.4 = 85,74 lbf/in 
s Now, w= V/m «(2 AVG Ib) 
— = 0.4 437/1b 
From Table A-loE «t p = 85.79 | 
| 17 € 174 VG > two-phase liquid- 
Vapor m xue. 
Thus, T= Tg, $ TO Fa Т 
Sat.vapor, m= 4.2 | 
P= 150 9 5 For the two - phase li guid-vapor 
veg ws mixture, the Specific volume is 
2 — V 
Set. liquid, me 232 kg Mm, tMg 
| _ 0X 
(39-42) 


= ORS m*/ka 








17 
Ammonia : Using data. from Table A - 13: 
V50.21 тм — % -$ 3 
T=20° V * одоос ^ |. 6386 Xt0 m?/kg 
Saturated li 1 uid V 0.2.1 
Уи = — :——— MÀ = 8. 
V «1.63 86xI0°F 28.2 9—2“ 
at TERO; Кы = 8.5762 bar ео рм) 
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= 857.02 kfaq Р 


PROBLEM 3.19 


V=0.006wm? Fi rst, using data from Table A -M at p=1.8 bar; 





p=18okPa the Specific volume varies with X as follows: 
R-134q | 2 8bar 
04 х2 | U = Up t XCV,- Ve) 
= 0.7485 x0? * x (0.(098- 0.71485۸10 
Thus 
— У » 0.00€ БИШИ. 
0.1465 хо? - х (0.1020$) 
Nous Wig SM Д me = үө ~ mg | 


v 


" | 
МЕЈ = ia 


ы. = (- Vo Volume fraction; 
v 


Sample calculation : X 2044; M = 0.0601 kg, М/у = 0.4443 ,Ve/v = 0.0007 
The following IT code. is used 1o develop the plots below: 


p = 180 // kPa 

V=0.006 //m? 

v = vsat Px("R134A', p, x) 
vg = vsat_Px("R134A", p, 1) 
x=0.9 

m=V/v 

mg-x"m 

mf=m*(1-x) 

угас g-(vg*mg)/V 

угас f-1-vfrac g 
mm=mf+mg 


Results for sample calculation 


X 0.9 

m 0.06065 kg 
vfrac_f 0.0007 566 
vfrac_g 0.9992 


These. results compare well with - 
poe results of fhe hand calculation 
above. 


To develop data for the following plots, sweep X from о to ! in steps of OL. 


m (Kg) 
Oo — N wo A NH O N со CO 


0 01 02 03 04 05 06 07 08'09 1 


X 


Тие mass contained in He ule decreases rap 
Corresponding volume 4vacttous оС liquid 


of quale од well. 


Volume fraction 


09 


07 


0.1 


d. wrth. M ce A sl 
ОГОИ 


1 4 


0.8 


0.6 
0.5 
0.4 
0.3 
0.2 





C3 
сз O СУ C m oS an - 


0 01 02 03 04 05 06 07 08 09 1 


X 





—e— liquid fraction 
—A— vapor fraction _ 


ей. The 
6r “Ve 5 ors functors 


PROBLEM 3.20% 
From t^e definition of quality 


T= 300° - P is 
vog (goz) "чта" (g a b cosi کے‎ 
^? -sehvapee The total mass w is 
: “зл Mm = Meth, = 0.5 +2 = 2.5 Ib 
Sad liquid , m, Using dake from "Table A-2 € at 300 °F: 
U =+ X (gU) «000145 «C9 o 12-0018) 
= SIS 471b | 
У =m = (2.5 Ib) (SL CP /16) 
= 12,95 4% Y 








PROBLEM 3.21" — | 
„мнау af c. Jiven ressure 


KNOWN: A two-phase liguid- vapor mixture of wate 
and quality, is heated in a closed rigid taut until only saturated 
water Vapor remains. The volume is known. 


FInd: Determine the mass of he water t Vela, and Me fual pressure. 


SCHEMATIC Ê GIVEN DATA: 


V=0.2 we 
P= S bar 
X,7 0.5 


L 





Xa, = l.o 


ASSUMPTIONS :(1) The water is a closed system.C2) The volume and mass 
are Consrant. 


ANMYSIS: Using data from Table А-3, the initial specific volume is 


T iu х, C Vg,- Ve, ) 
(.0q26X (073 + (.5) (0.3144 —(.042(9 хо-3) 


A 


0.1890 ил 2/ kq 


hus, the — LS ER | 
V (О.Э. ~ | "^ 
WA Th — саг T a (o Q س‎ 





. By assumphons(!) aud C2) , 1, = U,, Thus 


Р, = Tot e v, = (0,5 bar и 
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PROBLEM 3.22 


known: A specified amount of waker is heated йл a closed , cig tank from 
a Known ‘initial state to a specified final temperature. 


EIND: Delevmine te mass of vapor initially present and the Final pressure. 
SCHEMATIC $ Ci | 





Stade 1: T= 200°F, X= 0.6 
State z2: 71,7 320°F 





ASSUMPTIONS: (1) The water is the closed syshem. (2) the volume is constant. 


ANALYSIS: The initial mass of a ind in He tank is found using fhe 
known total mass and the qua ity x, at the initial stode 


Ma = X,m =(0.6)(5 lb) = 31b то, 


\ 





Now, since {ме volume and total muss ave constaut during the 
vocess, the Specific volumes ot slates | and 2 ave equal: =7 _ 


— "cabe А-2Є o 200° 17. = 0.01108 &*/lb and Ug, = 11.17 H2/1b. 
Tuas | 


2 FU = Vet XC ug, Ug.) 
= 0.017 08 + (0.6) (1.33- 0.01708) = 7,0088 47/1b 


Now, from Table A-2& at 320 °F, лл 2 4.919 Hl. Since лл, > Vg@320°r 
State 2 is tw the superheated Vapo сед\ом- Thus, in rerpolating in 
Table A-4 at 320 °F,7.0688 £FYlb 


Р. 64.21 Ш/А Fe 





PROBLEM 3.23 
Kk; A20 w ^4: A specified Amount of water is heated mai closed rig г< 
dank from a knoum inihet State to a final pressure, 
EIND: Sretch the process on TV and p-v drag rams . D e Hernana 
the volume of the tankt anu Yh temperature at th final state. 


SCHEMATIC & Given DATA: 


150°C 






MR Р 
T 25 Milo ТЕЕ 
4.759 bar 
State 1: Sod. liq, ed /S0T 
54422: ogpi25Mfe — I5o*C 4-15 Boar 
(D | 
۷ ۷ 


ASSUMPTIONS: The water is the Closed Systm. 2. Volume remains Constant. 


AMALYTIIS: Since Volume and tal mass remain Constant during 
{Ке process ) the speafic volume at states 1,2 ore equal: 
V2 2м. TA А-2. at 150°C 


= o > f. “0 
ү, = Ve Ciso*C) |. oqo X: 


"4 ws 9 


As shewn by the T-V and р-у Чаага uns , state L wo wth. lia ued 
m (Onion, Tater polatim uw Fatt A-S г) ives Ue] 150: 175 °С bm 


Tha tobha volume шш 


Nz marc (2 e00 9) ( |.oqor wi = 2.۱81 Ww و‎ 
/o3 © | 





PROBLEM 3.24 


KNoWN: Steam is cooled tu a closed rigid container from a known initial 
state to a known final Pressure, 


FIND: Determine thetemperatureat which condensation first occurs, the fractum 
of the total mass that Londen ses › and the volume occupied 
by saturated liquid at the final state . 


SCHEMATIC IV : p 
Р. > 1 bar 
T= 500°. 
V= | m? 





ASSUMPTIONS: CD The steam is a closed system, (2) The volume is constaut. 
ANALYSIS: By assumphonscn aud (2), the specific valume is constaut . Thus, 
using data from Table A- Ч 

м, = к= му = О. S010 m? / lea 

Then C eco Table A - Д Ta 

Ta = Tyat@ Na = Чо <— | 


Next, the facin of the total mass Hat cowdtuses is 


fraction . Mee 





condensed m 7l Х2 _ 2 & 
W- 0.5010 -1.0300 «(03 | 
ҳо i. a _ * O.(4 80 
Wl Vp. 3.420 —(.0300¥ (0 
Thus fractum 


condonsed = l- 0.1490 = 0,88 20 g 


The total moss of Mme system Is m -£ = جا‎ 
| =(,9172 ko 
Then , the volume of we liquid ok state A is 
Ve, = ^ va, = (912 ka) (L.0300 x10 we / leg ) 


Ve. = 0.00208 wae — — меъ 
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m D o4 


KNOUN - Water vapor ‘is heated i и a closed rigid — fom soured vapor ck 
a. known temperature fo a leno um final temperature. 


FIND: Determine the initial and final pum and sketch the — on 
Trad p-v diagrams. state 1: T, =160°С 
n vapor 
State 2: T, = 400% 


ASSUMPTIONS: C1) The water vapor 15 a 
Closed system. (2) The volume is constet. 





ANALISIS: Using data. from Table A- 2, p, 36.118 bar aq | : _ 
With assumptions (1) avd C2) , л, = U, = 0.3071 m/l. Tnerpolahing i iw 
Table А-8, р 242a bar i E 


This 








PROGLEM 3.20 


KNOWN.: TNE undergoes o au hitler process — a known initial 
State Jo the saturated vapor state. 


FIND:  Determive the лиді and final brescures , aud sketch the process 
ом Tu amd р-у diagrams. | 





ASSUMPTIONS: G) | The ammonia is a di й _ | ү sme: Т, = pdt 
dosed system . C2) The process is \ Ammenia , АЛ = (o + / lb 
isothermal. / Şe 2: Т, =T, 
Wee Sal. anger 
АМААМ 514. Inter polating in Table A -ISE F = 33.86 lbt/iws f, 


Using data from Table A-136 s — 153.13 a рь 
Thus T 





PROBLEM 3.27% 


KNOWN: A two-phase liquid-vapor mixture is heated at fixed 
Volume from on inital pressure tothe crit) cal pora. 

De termina thre quality at ha niha State, 

SCHMATK & GIVE DATA: 


EIND: 





v 


ASSUMPTIONS: |. 


The Quan ht, of water Under Coni dera fon to the clo ged 
system. 2. 


Volume дла mains constant., 


ANALYSIS: Since мо оме Aue VA RE f AMAA coustaut jV, Frou 
Towle A-3 at a crit o2 prov, State 2 ر‎ Noo 3.1styro 3 w 3] ka, 
Twas у u Ма тъ V, , we ave wita dot ro 7204.22 A-T ed 
Зо bar 
X 
= vg 4 » CVg- Ve) 29 i 
Ра as 
«= МУД (3165 — 1.2teS) lo 


— — — — — — — 


Va -VE (сьв ~ бг)? 





~ 0.0296 СЕА) 
PROBLEM 3.28 





KNowAl: A dteo-phape lî; vid -Vapor mixture is headed at fixed Volume 
frown an inital р> sture “to the crit’ cat point. 
ErnpD: Determine the 9 va Leta at the inihal state. 


SCHEMATIC R GIVEN DATA; 





ASSUMPTIONS: і. The quankty of water Under Consideration if Jhe closed 
ү екл. 2. Volume remains Constant. 


АКА С! Since Volume and mase 


re идел constant ) Va = VI. from 
Table А-ЗЕ at +h се Ксл 


| pent, State °, Va 0.050S. 445/16 ‚ Chas, 
Wath Vat V. , we have orth date Cr ow Te 4-3€ at 430 lof lin? 


Vz VL + ¥, (Y-Y) => 


xz MOVE _ (o oros ~ 2.014988 ) 


bob. смео олово (3.05/0). 
Va- VE 7 L0$3— 001455 


3-15 


PROBLEM 3,29 


KNOWN: A specified amount of water is heated in a close rigid Fanke. The 
volume is known, aud data are given for the initial aud fied states. 


FIND: Determine the pressures at the initial aud final states. 
SCHEMATIC 4 GIVEN DATA: 


ASSUMPTIONS:(1) The water 
is the closed system. (2) The 
Volume is Constant. 





State 2: T, = 400°F 
ANALYSIS: The Tar diagram is shown 
to the right. To determine the pressures, © 
first fix state 2. Since the volume anc 
mass ave constant, U, = Ua. Thus 





Uy = V/m = (13.348 )/(G 1b) = "43359971 — Р, 
Now, interpolating in Table A-4E at 400°F, 4.4333 FH/Ib j p= 111.7 lb Fh? 
Then, from Table A-3E , at Us? 4.4333 43/\b j Р = rap (ОО lef P 





PROBLEM 3.30" J 





KNOWN: Ammonia undergoes a Constaut pressure process. The initial 
and final states are fixed. 


FIND: Determine the work for the process , per unit mass of a mn on TO. 
SCHEMATIC $ GWEN DATA: f 








p= 2Sbar 
T, 230 °С 
Stile 2: Sat. Vapor 























| i 25 bar 
ASSUMPTIONS:(1) The refrigerant is the closed 29354. 
system. (2) The pressure Ye maus constaut. С 
ANANSLS: The work ts determined using Eq. 2.17 wh assum phen 2 M 
W = fpdV = m [pd = mpCui-vi) (ж) 
From Table A-1S at 2.5 bar,$0*c; v; = 0.51145 12/4 . From Table A- 14, 
Ua = Vaerashar 70482 m3/ kg. “Thus, from СЖ) 
m? lo SN /m™ i kT 
Ww = р (ал, - 1} (2.5 bar)( 0.4821 ~0.S774S) 9 das ОЎ NA 
== 23.84 kT/kg am 
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* 
PROBLEM 3.3! 


Кх ош У: Water rs. Соилрла 55е d at < constant Pressure ре Fc eeu t uro 


Spe ca Fed States. 
FID: Determine the temperatures a+ the inital and Anat SAHT, 


and +a Go or (С. for + he Process, 
SCHEMATIC L GIVEN DATA: 
SCHEMATIC & GIVEN O ORT 


M = ен 





p-25o m 
V.F 44 
215 Sak: 
Уа p. 





ASSometionws: V Ther Given Gvanhty of wafer w the — Sys H m., 2. 
Volume Change W the only work mode. 2. The process occeert at Constant prosrure, 


ANMY · The y" V iow — volume AS 


| "ww Alb 
Ere Table А ~ "46, with м = 344 рь and م‎ =250 the ar И 
Т, = 000° F ے‎ а ае 


The final specific volume ts Va at 2S0 lhe Жы 


Erom Table A-2E , 

Му, Va: asoes ^ Leus Ф/Њ T. 
fuus T, = 401,04 °F $$$ ——— 
The Cinal volume is 

ү, = ans = (2 BLUS E) = 3,69 P 
(o eval uake {Wwe work 

T А 
w= РАМ = e( - и) 
РЧ (44 (м 7 3; ( Blu 
(aso t ) | «~ Ta [3. Gn (ae | e nau W 
i fa. 


Water is Com pres ed, Maus Wwe worle is wegative, 


PROBLEM 3.32 


KNOWN: Weder is healed UA а. iston-cyli nder assembly at constaut +erperatue 
from saturated vapor to a given final pressure, 
FIND: Determine the work per Unit mass by (ау numerical integration USING 


steam table data and Cb) using IT. 
SCHEMATIC d GIVEN DATA: 







T= 400°F 
State 1: sed. Vapor 
چ‎ 
ed State 2: „= 100 lofliu*> 


ASSUMPTIONS: (1) The water 15 the close system. 
(2) The process occurs ot constant temperature. 
ANALYSIS: (а) To delermme the worl use Ez. 2.17 | 
wi? 
m ^ |, paw | CX) 
A numerical scheme is employed with data from Table A-4& at T= 400. 


РСА) ar (f43/Ib) 





241.1 l. оо (Sat vapor, Table A-2&) 
160 zs ч 
| bo 3.0071 
140 3.466 
И 120 4.074 s 
100 4434 





b * | * 
W/m x 2. — + Pint) (vi - vi) | 


_ | 2971.1 + ZOO 


lbf H | (260 | 
299) 6 2.261- O66) + Z280) (2 cue. 2.301) 


2. 


| | 
*( eren 3.001- 2.098) + [erio 3.466 ~ 3.001) + (122: 074 ~3.4b0) 














2 ЧЧ in? і 8^4 
+ (420169) (4454 - 4.014) | - "C pL = 86.77 Bax i W/M 
Cpart a) 


(b) The following code uses the integ ration Copability of 1T jo integrate CX) 
above: 
T=400 // °F 
v=v_PT("Water",p,T) // ft/lb 
We=conv*lIntegral(p,v) 
conv = 144/778 : 
F | 
Using the Explore button, sweep v from 1.864 (sat. vapor) 
to 4.934 in steps of 0.01 
Result: W/m = 86.48 Btu/ib qa. — — 
Note that the results of parts (a) and (b) ave in agreement. 
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Wim 
Cpart b) 


PROBLEM 3.33" 


` KNOWN: Ammonia  Uvwdevaoes a constaut py process Trom 
| v quality, 


| specified initial state 40 a given fi 
FIND; Determine the works. | е 
SCHEMATIC ф GIVEN DATA: 


ҮМ = S th 





R =p = 00 Ши" 
T, = 360°F 
A2= О. 85 





| mE «Y 
ASSUMPTIONS C!) The refrigerant is a closed System.C2) The. process 


occurs at constant pressure, (3) Volume change is the only Work mode, 
ANAINSIS: State I is a superheuted Vapor. Referring to Table A-ISE 
| | VU, = S088 ФР lb 
Using the given quahty at state 7. and data Ae cw. 740, A-IYE 
Vus Vp e&x( Vq- Vp) = 0.0259 + (0.85)(2.4497 - 0.0258 ] 


2 2904 I УЬ 
Using Eg. 4.17 to determine the work Б 


V2. | 
| ж = М-и = - 7, 
W Жн Р CV, ,) = mp(v,-vi) 


Inserting values 


W =(S1b) (100 legi) asi ов) fË | is TS 


і 6h 
[£7 11778 HG 


(7) = -238.0 Blu. W 


negative. 











PR 


r 


0 


OBLEM з. зц“ 


Ф 


KNOWN: Water vapor undeygoes a constant volume Cooling process 
followed bu isothermal condensationto saturated liquid: 


FIND: Evaluate the work per unit mass. T|. 
€ С | : 





= 10 bac 
7; = 400 °C | 
т; ={50 °С d4 re ts0% 


State 3: Sat. | igure 
at 1S0 oc 





ASSUMPTIONS: (1) The water is the Closed system .C2) For process 1-2, 
the volume is со nstaut. (3) For process 2-3, he temperature es constaut. 
(4) Volume change is the only Work mode. 

ANALYSIS. By assumptions CZ) and (4), only process 2-3 involves wort. 
To evaluate the worl, begin with Eq. 2.17 


V2. Uz 
= = W - 
Wel pav > We [рат 
Next, we fix each stete and obtain relevant data. Since the mass 


and volume are constant to process 1-2, 1 =17. — Feom 
Table А-4; v, 20.3066 m?/kg. 














With =U, = 0.3066, We see m Table A-2 at 150 T het Up < 10, < va. 
Thus, stode 2 is in Ие. uo - pase, liquid-vapor regin. Since the 
towperature is constant for process 2-3), so is the pressure. Tha is 
P27 ts = foat@isove = 4158 bar 
Finally, from Table 4-2 , i =U soc = LOOS XIT м/а. Thus 
Vz 
W , 
WA = J, pau = p, CUs - Vz) 
PE" WEZ NT ч 3 цом] | 14 
з _ ул Ж аа ac 
= (4.758 bar )( [,.O40S x(O 0:300 ) 12 "rers | rre reed d 
= ~(4S.4 k3/Es Wm 


|, The negative Sign denotes energy tremsfer to the system by work. 
during process 2-3. 
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PADRLEM 3.35 


KNDWAL: Refrigerant 22 undergoes a process with a known Pressure - vdlume 
relation from a given initial State do a gwen fined pressuve. 


EIND; Calculate the work for the process. 
SCHEMATIC $ GIVEN DATA! p 





p saturation hhe 


2. 
i ay 
xU pu^ °5 const 
2. bar 
“2 
ot 








ASSUMPTIONS: (1) The refrigeraut is a closed 
System. (2) The process is polyfropic,with и 71.055 
om 
ANALYSIS, The worle is obtacned by USING Eg. 2.1. First, defermrne the 
specific volu wes. From Table A- 4, v; = 0.11520 mkg, and 
E a П 


poe г.05 
Ua = G- т, > ( 4) (0.11520) = 0.024875 mY Ls 


The worl کا‎ 




















Vz v Je 
wef) pd = '{, X mf const das 
. m (&Us- PV) 
_ (2 ез) [( lobar \(0,024 815 m7/leq) - (2)(0.и520)| io^ Nim? акт 
(и-1.65У | bar || 10° М.м 
© = -73.4 kT. W 





|, The negative value for work indicates that Жо process 15 


Q compress Ом process 
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PROBLEM 3.36 


KNOWN. : Refrigevaut 134a undergoes a poly tropic process from a specified 
initial state to a given final temperature. 


EIND: Determine the final pressure and the work per unit mass. 
SCHEMATIC £ GIVEN. DATA: 


Р, = 200kfa = 2 bar 
П = -lo?c 
Tz = Soc 





ASSUMPTLONS: (1) The refrigerant is the closed 
sy stem. (2) The process is poly tropic , with 
У = 1.08. 
ANALYSIS: State | is fixed by T, s-10?€ , р = 2. bar. From Table 4-12 ; 
17 = 0.09938 H716. Thus , with the polytrepic process Expression 
Hos 

АЛ, = (Pr.) 17 Сҹ) 
Tn Table 4-12 at 7= 5o“, there is a unique лг associated with each 
pressure, that is 


Ve ble Б 


” The follow mg table of data and plot are oblnined using Cand CHE). ~ 
Where the lines intersect, both expressions are satisfied simultaneously. —— 





U (p, Ta=50°c) Ck) 


12 SQ T2s5o?c (Ж Ж) 
Fc bar) сж) (жж) ) سس‎ PV 05 = constant GE) 
3 0.02054 0.02846 Р | 
9 0.023712. 0.024972 J 
10 0.02 ЧЫ 0.02 111 8 [о NS 
| 0.01460 --- = 
М. 9 S 
12 0.01804 0.017112. 
? 3 
si | 
0 0.015 0.02. 0.02.5 0.03 
ax (m*/kg) 


From The plot: 


Г. = 10.4 bar 
» = 3 
17 = 0.0205 m fkg 


Рг. 
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PROBLEM 3.36 ( Cont'd) 


The expressions (Ж) and CX ¥) can be solved much more easily using 
the following IT code: 


p1 = 2 // bar 

Т1 = -10 //*C 

T2 = 50 //*C 

v1 = v. PT('R134A'", p1, T1) // m?/kg 

p2 * v2^n = p1 * vi^n ¢) 
n = 1.05 

v2 = v_PT("R134A", p2, T2) (эе) 


The results from Jhe com uter solution are =/0,38b U. 2 ©. 3/L. 
MOOR agree el u graphical are Pe 38 bar, V, о207 M/k; , 


Now, the work ts determined using E4. 2.17 and the procedwe of 
Example 2.1 for the poly hropic. precess eo get 


АЛ», 
& [pev + базара) 


Using the values from +he computer Solutio, 








W " (10.39 bar)( 0.0207 w*/ Lee emu 10 Am? ber | 
m | (1— Los) | bar || 102 N-m 


"e 


= -32.21 kY a wm - 


PROBLEM 3.37 


KNOWN: Refrigera«t 134a is compressed ѓи а iston- cylinderassembly 
from a known initial state 4o a knbwy final pressure. The 
Pressure - Specific volume relationship for the process is given. 





FIND: Determine the work. " —r saturation lie. 
. : б à 3 
SCHEMATIC € GIVEN DATA 2 ico ы 
n =0.04 1р 2 
| | | f = 1o lbf/ra* ES mo 
Refrigerant | | {е— T, =20°F го Ibfhiue 
Pia UE Р." 160 би" * 
pw * const. : 
sY 





ASSUMPTIONS: Q) The refrigerant is a closed system. (2) The process is 
polytropic wih pu = const. 


ANALYSIS: The work is obtuned by ucing &.2.17. First, determine the 
Specific volumes. From Table A-12E , U, =4.9297 ft/lb, and 
Р lo 
— Cg.) ее (ёс) (4.9297) 20.3081 #?/Ь 
The work is 


| V. Vz Uz, 
ы үу = [РАУ = м M ра? = м |, const du 


J} 


ү (Р, v, ) Dun (S2 = (p, V) Jos. (& ) 











| E AK 
_ T | JO \ 144 1и | BK | 
= (0.04 1b)(10 Ibeliw*)(4424'1 IL ) б I | | 44711978 ff ib£ 


п 


0 


-l.012 Brg _ W 
|. The work is negative for the compression, as expected. 


PROBLEM 3.30 Water is the Substance 


(à) р= з bar, T=290% Р + 
Table A-4 | 3 bar 
v= 0.181 m ?/ k5 
0.221131 15/62 
[Т Resuits | 240% 
v = 0.7805 m?/kg | 
и = 2713 kJ/kg 


AYO 


(b) p=3 bar, v*6.S m 3/leg 
Table А-3; У < Ve 
=> T= (33.6°C 

TE 
A 5 M xo ? 
“ 6€.60S8- 1,0132 10-3 


> 0.82 5 


3bar 





т 
= 501.15 - (.825)(2943.6- 561.5) x = 0.825 
= 2146.1 L7 / ka 2196 kJ/kg 


(c) T*400*C, р=10 bar 
Table 4-4 
\ = 0.3066 m/l 
h = 3263.9 kI/kg 
ITResuts . 


v = 0.3066 m?/kg 
h = 3263 kJ/kg 


(d) 7 =3202с ,w=0.03 т?/ 
Table А-2. j U >a at 329% 


=> Table A- 4; A4 320°c the slate 


falls between bO and Во bar. 
(aterpolating , 


P=74.07 bur = 7.467 MPa 
h = 618.0 E3/ leg 





V 


IT Results: p = 7.356 MPa, u = 2682 kJ/kg 


(e) P= 28MP4* 280 bar, Т> 520° 
Table А-7 
U = 0.01020 m3/ks P 
h = 3142.3 5/4 
ІТ Results | 


v = 0.0102 m*/kg 
h = 3192 kJ/kg 
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PROBLEM 3.38 (Contd. ) 


($) T=100°c , X2 0.60 
Table A-2 
p=1.014 bar 
оа ЕХ (У-У) 
= 1.04350 3+ (.60)(1.613-10%35 HO?) 
= 1.0042. Yn?/ les | 
[T Results; р = 1.013 bar, v = 1.004 m?/kg 








(3) T*1O?C 17: 100 m 3/leg 
Table A-2; Ug <17< 14 at 10°. 
Thus, р = 0.01228 bar = 1.228 ЕЁ. Р 









x = U- VUE . 100 ~1,.0004 х5? 
ЧЕ Ур ^ i06.304- 1,000079 1228 f 
ка lot 
h= Сы 2 heg =o milks v oo M 


= 42.014 (494) (24 11.1) = 237/ kTlleg e 
ІТ Results; х = 0.94, h = 2371 kJ/kg 


(hi p? 4 MPa =4Obar, T *loo*C 
Table 4-3 «t *Obur j Ts, 7250.4 250.4% 
~ => liquid state CT < Tsat) | ? 
Table &-5 j double interpolation 





Чо MPa 
2 5.0 MR. 
v = {.0784 xw? 1.0768 xo? њоёс 
U= 58782 ` 586.16 | 





72140%. 


_ -3 | J 
V= 11206 X0 . /20 xi? 


т = (80% | 
u = 101.16 \/ 7 54.63 


at 0=4.0 MP, 
A2 [0114x102 


140% ig = $81.18 


-3 
y= 1,124 8X0 
© 
бос u = 100.24 | 


Thea, at 4.0 MPa , оС. 





as = |.1011х@7% 3/14 
и = 613.11 ا‎ 


IT Results - 
v = 1.102 x 10? m?/kg 
u = 670.7 kJ/kg 
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PROBLEM 3.39 Water is the substance. 


(a) pz го Ibflin? , T= 400°F 
Table А-ЧЕ 


ii 2.0 lof {int 
v> 25.93 £43/lb e 
а= Hgs. Bh [p | | | 
| | IT Results - qoo? 
v2 25.43 ft/lb 
І и = 1145 Btu/lb Y / 


(e) pz2e Ыб vz 6 £-C]lb 
Table A-3€ 








V € wv و‎ 
>> T= 22 7 6 OF 


X3 V- VE 
Verve А 20 lof 


in* 
V= 1644 ]ib 
20.04 - 0.01693 si 





= 0.476 
A Uus uf + «(од- 4 ( | v 
> 146.14 + 0.796 ( (061 - 146.14) | 
- q0o(.2^ Bry lo IT Results; T = 228 °F, x = 0.7962, u = 901.3 Btu/lb 
(c) Te 900°F , pz 70 lef fin? 








Table A- чЄ ) interjoiatt 
a+ Qoo?F P 
v= 4.939 £3 lb 
hz 178.05 Bh /b 
. [T Results 
v = 4.718 ft/lb 
h = 1478 Btu/lb. 


170 lof liy * 





V 
(d) Te eoo*F, V20. 6 (43//b 








Table А- 26, V>Va «t (00°F, 


Table A-E А A Сое FPF 
tna state fails behween 
Boo and 400 Ibflin* 


bape = 
Tuterpola ide Т 
P= 485. © Ibflin® 
us 1163-3¥ Bh/ lb 


Ng = 0.26 77 
Vꝛo. £t V) 
"4 





ал Ау 
IT Results: р = 884.3 Ibf/in.?, и = 1163 Btu/lb 
(9) ps Зоо: іи T= 250% | 


Tob A-%E, in terpolation 





7oolbflin? 
T | 
од Foo lef lin? GSo?F 
vs o.8Bs&tillL 
к= 1312. 3 Btw/b 
IT Results; у = 0.852 ft?/Ib, h = 1313 Btu/lb M А 
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Q00°F ~ 


PROBLEM 13.34 Contd.) 


(f) Ts Фоо , <= 90%, 
Table A- 2€ | р 

р> эм lof lin. 
Vz Vg + x VEG 


> 0.0\8b44 A C1. 866 - 0.01 264) 
_ 1.6813 43/1b 


IT Results; p= 247.1 Ibf/in.2. v = 1.681 ft/lb | ү 
(ду Т= 40°, v= 1450 ££ 





Е 


Table A. 2.6 WV «v =۷ o 
40°F, Thug, Е о. e loflin 5 40°F 
yo М-М ш 1950-0010 р 

А Vq- VE 2}ҷу - 0. oll 
20. 790$ 


И = ne +x Wg 


> 802 4 ANEN 4) 
= &62.Ф ВРІ 








V: asd enl lb 





IT Results; p = 0.1217 Ibf/in.?, x = 0./975, h = 861.9 Btu/lb У 
Dj PM ter 


۷ 
Tabie A-3€ «t 600 lbf[iq" 
| Tat Ч%Ь.33 Е 
= 1.4714 state 


Table А-5Е -double 
I^ torte lo Won 


=- Soo lof/iu = 





P 
T= 300°F vs 0.019410 0.017379 
u= 26ў,4 268. 2Y 
T= Чоо ут 0.018 608 ©.о!ў550® 
US 343-65 32.55 


Goo let 
in 





aX- 6oo btin" 


T 
у= 6.017 409 
u= 265.78 


3 00% 


Чоо?Е у= ô- Ql 2596 


us 37345 


Then, «x Goolbflin’, 320°F 


v- 6.01766 {3/16 [Т Results 
uz 289.71 Brel | 





v = 0.01766 ft/lb | 
u = 288.3 Btu/Ib 
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4.00°F 


PROBLEM 3.40 


(a) Refrigerant 134a; T= bO*C U = 0.0712 "lcs 
from Table А-10 at bo*C ; v, 30.0119 m?Íks 

U> Us => Superheated or or 
Tnterpolating iu Table А-12.; p= 3.63 bur 
М = 302.1 kT/kg | | tones 


Qo?c 





Ww) Ammonia; р= 8 bar ‚1л = 0.005 m7/leg 
trom lable A-/4 ож 8 бау ; Us = 0.1596 m?/ka 
پا‎ > UK; => two phase , liguid-vupor mix hure 
T= Tsat = 12.84 °C | 


ici U-U$  0.005-l.6302x(05^ 


шс P 
Vg- Vr 0.1596 ~ 1.6302 KIO? و‎ 
= Up + Х-и) | 
= 464.6Ч + (0.02133)(1330.64-262.64) 


= 2935.4 leT/ ka 





c) Refrigerant 22; T=- 10°C) и z200 KIJK 
Rom Tatts A-F at -10°C, Upc б< 9 
=> 2-phare Aiquid-voper nu Hare 


P= Peet = 3.8485 bar 


т 
x = Uu- Uug - 200 = 33.21 
us - uf 23.01-33.27 
= 0.899 -10°C 
Us 200 3[ro 
ro ve perve) 
+ 0.7606 + 0.%+4(0-06$7.— бле) / 
10% 103 


> о. 05% ү 3 ies 


PROBLEM 3.4.1 


(0) Refrigeraut 134a 5 реіҷо њр, h=100 Blulb 
from Table ^-u& ; he €h«h 
=> two - - phase, liquid- vopor m ix pure 
А h-h¢ a 109 - 4443 _ 
hee | 70.52 
wz Uct* X (Ug- Ug) 
= 0.01386 + (-7881 (0.33 58-0.0138¢) 
= 0.2675 fH İb | 
T= Tsay = LOO, 56°F 
(€) Ammonia; T 30°F, v7 318 ft? lb 
from Table 4-13é ; Va 24.100 {3/1 
vw > superheated Vapor 
in ^^ Table 4-15 E: p.218.55 ње / 


| р = 615.2 gwib 








= 0.788 


9 Refrigeraut 22; T=30°F ر‎ Т -[.2 4°/1b 
from Table A- 7E, Ug = 0.7804 ЗЬ 
Ud, * superheated vapor | 
йй ЗЕКИ iw Table A- 4€, Rz 47.60 (bf/in™ 


h = 108.60 Qyu/ll 30°F 
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PROBLEM 3.42 


(a Н.О at p=15MPa = 150 bar, T= 100%. 


from Table A-5; 1 =1.озы xio^ * m?l kg ,h = 430.28 kI/kg 
(b) Using Saturated liquid data from Table 4-2: 





Р 
Ue Ut a 100% * 0435 хо m?/ les 
Now, using Eg. 3.13 to estimate specific ewthal py loot 
iy ae d. iU C Y 150 bar 
f @ 100% e 100° P Psat @ wo?c 
P — ud i 
= 419.04 4+4 1.04 35x10 ^k. (1So- 1014) bar 
— INN АГ 
| bar i0? Nm 
0 = 419.04 +/5,55 = 434.549 kT/ks 


l. Note that hg оос iS a plausible estimate for h iin some applications 
(within about 2.6% of fre value from Table 4-5), 


lb£lia.7 
PROBLEM 3.43" | x 3000 | lia 





Н.О at T=400°F, p=3000 lb£/iw* 
from Table А-5Е: are 5,08334 3/1 

h = 379.50 Blusth 
The specific yolume and enthalpy values cam 


also be estimated using saturation data from an 
Table &-2& and &qs. 3.1 aud 3.14 ‚ Cesped wely. | 


АЛ = 1 (400 °F) = ZLY 3/1 


h, C400 °F) + "V (400*P) L P ¬ Peto yo% ] 


h 


v 


= 275.1 9, ооч f zooo tef оца 1 Hof Лич iw 
= 315, TE + 0.01864 # [3000 (BE - 241.1 ье as м. 


1 Вил | 
EI 





299,0 BW Ш 
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PROBLEM 3.44 


Н.о et T=20°%c, Rap £ Р < 300 bar 


from Table A-Z: Psat = 0.02334 bar 
"Ug = 1.0018 Xto ^ mks 

uc = 83.95 kT/lkg 

he = 8396 kT lkg 









from Table A-5 : 
Bm III TN 


aaa 
Du. [3280| ses | 8750| rae  Bace|st1| 8207] 92.77 
h [sexo snas qs 


AHAA 




















C 
10 s ш 40 
td є 
є 
i $30 
i Q 
с = 
j d 2 20 
z Y 
3 & 10 
o, 
O 
О Бо 100 150 200 20 Зоо O So (00 ISO 200 25ò 300 
Р - bar ?- var 


COMMENTS: The changes th Vand u are Small over the pressure range in 
this problem. Thus , U; andl Цу are — appro xin ations , respectively. 
However, h deviates by over зо % from hy , and he ag proxim ation h hc 
is not reasonable. Nole that 25 3.14 provides a —— estimate of h 
for compcessed liquids. when tabular data are not available. 
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PROBLEM 3.45. 
Refrigerant 134a. at 95° So lpf/in: 


Tavle А-юЄ at QS°F j Peat = (28-62 164 (и 
= Liquid State When p= 150 lof] ine 





Peat = 128 2% lbflin® 


q5°F 


V 
Using Eq. $11, vw vg (45°F) = 0.01391 FAIL v 


Using E9. BV, be he Care) = — —- 





PROGLEM 3.4“ | | | 
Ammonia at 20°C, | MPa = 10 bar 
Table A-3 at 20°C; pL STOR bar 

=> liquid stake Wher р = 10 bar x34 
Using EG. 3.1 аа м (20°С) = 0380 Ty 
Using Eg. 3514; М x< h, (20%) = 214.26 KT 


LO bur 
— 





— 


— — — 


` PROBLEM 3.44” B 
Propone at $00 kPa ; оС. 
Table A-1 ot 8 bar, Tap IP. 33°% 

=> liquid state F 


Using Eq. 3.41, v × (О) 
у 1 [ i | c u d © 
(+в Се 3.4, ha he (O Є) 


= 45, | АИ 





4 
PROBLEM 3.48 


KNOWN: Saturated water vapor is contained tu a rigid taule af a known 
initial Femperature’ The pressure drops as a result g heat transfer 
to a known fiùal value. 


FIND: Determine the amount of energy trausfe by heat. 


SCHEMATIC & GIVEN DATA: 


Т = 80°C 
X, = О. (o0 
skoke2* sat. Vapor 





ASSOMPTIDNS: (1) The Н.о is а closed system.(2) The volume ts constant .@) Юс 
the system, W =0. Œ) Kinetic and potential energy effects are negligible. 


ANALYSIS: The heat Hunsfe is dekermined using the energy balance 
Ayes Af AD-:à-W 
ы 0^ with KU = mQ- Ui) 
Q = mta; -U,) 
Using data from Table А-2 


Ur = Agy к (Way Ag) = 339,86 (0, OOA (URR - IH.) 
(225,2.6 k3 / [сд | 


ا 


ui 


i! 


x -1 
FF ¥ (Vg 7 5) = LOL FIO + (0.60) (3.401 LOAL KO) 
= 2.044€ м? / leg 


3 
۸ 
Then, USing Table A- with MJ - Vu TW = 9, 044 ما‎ m 


leq 
T 24*3.S"C 
anol U= оф 43.5 °С. = a488.€ kJ (kg 


Ф >1150.1 Dee 


|. The pos hive SAM fer Q denotes € ^ € "a i co. ^s Cer 
into Ic system. 
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PROBLEM 3.449 | 
EKNoU2N: Cater contained МД a rigid) insulated tank is heated froma 
spec: fred nihad State. 
мр: Deternwine the finak te wp eva ture 4 the water 
SCHIMATIC L GIVEN DATA: 

T 
d 

f= l.0ME, 

x = 909% à LOMPA 

@= GOW 

Ats (35h | 


lectes C 
* fec:s voc v 





ASSoMPTOMS: |. Tha Water is tee closed System. 2. Por the system, WO, 
and AKE= APEZO. 3. Volume femains constant. 4 The initrd and fia 


States are equidibreum states, 
Awacrsis: The values of Tuo independen! intensive properties are requived 
4o fx thea finat State. Since the tet volume and MASS do Het 
change у one of these is the finat Speafic volume: М= М. Using 
dede frre Tattle A-3, 

Ме Vp x (Vg - Vg) 


1 


|. 223 0.4| ONIN — 10:223 
ios га L 273] 


" 


o. 1251 ум? [Е 
an. energy одід АСО . with assumption. T, 


1) 


The otmey propery (о ua fund Fran 
AU oct LoP = Q- 


5 w(u,-u,)z Q m We 4 + Qv Cx) 


(ouf dats Ae name DA A- 3 
Чү Ug + +) - Up) = 261.68 t. 


¬ 2. ЧОЇ. Ч 9 [ва 


q (2583.6 - 761-68) 


Тоз», SMe =] حل‎ = QAt » 


uz = 


чоч + Go W)(1-4Sh) 


Tw {| te 
УЗ IW (RII 


—J 


= 2612 ET 
t 


Using state 4 Shown on Me T-v diagram for reference; Ug =U; Tuler Olatiing 
in Table A-3 Jwes, Ug=2S87 ЕТИК. $їйсе из» Ug у state 2 is in the 
superheated vapor yeqron,as shown om the Хайле. 


Thus, State 2 is fixed by u, s 2612 kT lug , v, = 0.1151 mille, 
interpolating in Table A-4 wrth U,, U, Is Inconvenient, We resort Чо Using 


Lutevactwe Thevinodynam ics: IT do defermine Т, , as follows: 


3235 


5ı ce 


PROBLEM 3.44 Contd.) 
The IT code is 


p1 = 10 // bar 

x1 = 0.9 

Qdot = 60 //W 

delt = 1.95 //h 

m = 2 // kg 

v1 = vsat. Px("Water/Steam", p1, х1) // m?/kg 
u1 = usat Px("Water/Steam", p1, x1) // kJ/kg 
т * (u2 - u1) = О 

Q = Qdot * delt * (3600 / 1000) 

v2 = ү1 

v2 = v PT('Water/Steam'", p2, T2) 

u2 = u_PT("Water/Steam", p2, T2) 


IT Results 


ТЭ 1987C а є 
p2 11.59 bar 


e 
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PROGLEM 3.50 


KNOWN: KRefrigerawti?ds is compressed from a given initial state TO a given 
fiùal pressure. There is no heat transfer, and the work is known. 


EIND: Determine The final temperature. 





P 
an 10 1. 
| P= 30 #1 

_ e Т, = 20°F i a Те 

Ф 2 Ф 
e Р, = leo ШЕИ اه‎ inn 

| х 
W *-0.56 Bh 
U 
ASSUMPTIONS: (1) The К.1344 is a closed system .(2) There is no heat transfer. 


(3) Kinetic and potential energy effects are negligible. 
ANALYSIS: The final state is fixed by determining u, using the energy balance. 
o о D 
АКЕ + ye +AU = Ж -W 
or, with AU = m(u,-u,) 


512. 


са = = +4, 


Referring to Table А-126, u, = 96.26 Błustb. Thus 
"n.a (- 0.56 вуху "M 
2. (6.04 [b ) + 96.26 һе 
= 110.26 Blu/lb 


Referring aqalu lo Table A- 12E; Т, % 121.0 "Fig | Ta. 


PROBLEM 3.5! 


EN owN: Re friqerant I34 o. in a ston ~ cay ander assembly vader oes o. 
process at constant Pressure between tuo known States, 
FIND: 


Deternene +he work and heat rans La- J per oni t. MASS. 
SCHEMATIC L Givens DATA: 
ee ee АДЫНЫ 











Р 
Вос \! 
50°C 
P= Sbar 
State |: sat. Vapor — 
T; = 50°C | 
Y Y 
ASSUMPTIONS: L The RIB. ù a closed system. 2. PAssrare is constunh 
3. For ths system AKT= ДРЕ = р 
Amaursis: Gath assumph on? and dat fena «6-4 A- 12. 
L 
5 N/m 3 kI 
> Wlw- Ал) = о, 0.025417) => |2 
[m рО Ui) = Bbae T: ( 02840 - 0.025 = |a — 
= 2.392 K3 [е 


لله 


balance mA data Фү oan TAU A-I 
Aut okt OfT= O-W 


Appi усе Aan ene VOY 


- 


- w(u- 4 ( + W 
© > ez Cur-u,) + X. 


= 261.62 243. 19) + 2.342. 


Oa ا‎ 


|. Using УУ = PLYS) ر‎ rss also feats 





| S (а-чу pl¥a-%) 


Wa -h, ( Since R*8-P) 
Gi daia friom Tabie A 712 


Q . 264.34 - 204-.!Y = 20.24 0| F9 
V^ 
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PROBLEM 3.57. 


KNOWN Saturated liquid water Is cooled ura closed, rigid hak 
to a fund State where saturated liquid and vapor are present. 


EID: Determine the heat transfer for the process. 
SCHEMATIC & GIVEN DATA! 





7,* 50*c 
m, > 194.4 1 kg 
ma, = 6,03 kg 
ASSUMPTIONS: L The water is the Closed System. 2. The volume 


Is coustant. 3. Kinetic and ро+ел hid €uerjy Changes are absend 
4. The imka and dine states are eguilioriuum States, 


Anmacrsiss The heat trans T is Poona Using an LnEersy Va lance! 
AÉ +or€ tous Q- 


5 © = aU 
= U2-U; 
UJ hate 


Uz: бү, Uga + Mgr Ug 
Stak | vo fed оа Saturated As quid and Vi = м А w Aere to th da. te... 
frn. Thea A-2 
Va = Mf Vga + mg Vor 
Mao Р 
З à 


looo кд 
2 1.193063 we 


Using Vj2 Va ‚ and noting нел SRE ما‎ Saturated Aiquid, Tile A-L у Te ci I Br G 
and Up= Ug = T42 KALKI 
Thus, E (947.2. кје) 21.896 к/о“ EJ 
| tr, = (20оо 64) Чы Sa # — 


| 6 
U,- (499-97)( 207-32) + (0. os M24" 3.5) 2 0.419 X10 FI 


-— буз (t. 41409 1.846 KOS JEJ 


- 14.477 ×0 EI ڪڪ‎ — — 
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PReBLEM 3.53 
KM own: Re fri igerant 12,4 а undergoes A Process fer Gu ba cl. рт = constant 
between Tov Spe c [хеч States. 


FAD: Deternune the work aad heat trans far for thea (20 се $$, Lach per 
vmit of mass, 


SCHEMATIC & Given DATA: 





E: 
pP, = 200kPa - кее 
7; = -10?c | : Са РУ = Const. 
2 » 
| Р, = {© oe ЕГА. [emm 200 kPa 
== — “Т, = 50% к 
pu "= const. ~ ^t 


ASSUM prons: l- The refrigerant vo a closed 


à described b py = Cons tant. 


effects are neg Aig ible. 


зуи. Z. The Process 
3. Cnefec and роки tia’ Enerya 


AbALYSIS!: Using E4. 2. UT 
17. 47 

wW * 

V Jp da» = Ж const: 
і 


= P-P 
© — GE) 


То. bind the poly tropic exponent n , we first must 
— the tnirial and final specific volume s. Using Takle A-12 


i 

















"Р = 2ookPa T, = - 10% = U, = 0.09938 ум 2/ kg 
Р, = loco КА, Т, = 50% => 15 = 1 m 3/ka 
Thus, for the ши process 
hU, = Рә" =} Log (P, /R) = n loq lv) 
| tee (lP) _ leg ( 1000/ 62) -— 
log Со, /озу log (.09938/, out) 
Ти seeting Valuso in 6%. GA 
W „ Uka) (0.02111 ма) ~ (тоос оаа) пом») 3. А1 
m (1- 1.058) —— 
2-31.62 kT/leg wim | 


PROBLEM 3.53 CContd.) 


The heat dancer is found by using an energy balance 


о 49 
Ae + Me +AU = Q-W 
with AU »mtus-u,) 


| & = (U ,ي‎ ) + a 


"From Table A-t2; “= 221.50 k Teg and 14, = 258.48 kJ/kg ; with 
the result from Problem 3.36 for W/m 


Q _ _ — | 
m 2 (a58.48-221.50) + (31.62 LT ky) 


= +5.36 kJ/kg 4 LLL S 


MS. X » 


259! 


PROBLEM 3.54 


KNOWN: Refrigeraut 134a MS compressed lh a iston-ayglinder assembly. The 
initial and final stafes are lnown, vad Ha Worle is known. 


EIN D: Determine. the heat Transfer. 
SCHEMATIC $ GIVEN DATA: 


See solution fo Problem 3,37. 


ASSUMPTIONS’ (1) The refrigerant is a closed system. (2) Kinetic and potential 
energy effects are negligible. 


ANMYS(S: The heat trausfer is found by using an energy balance 
о о 
ARE + APÊ + AU = Q-W 
with AU = мси. -и,) 
Q = MCUZ~-U,) + W 


From Table A-12€ ; и, = 47.67 Gfu/llb amd и, = 110.68 вп. With the 
result from Problem 3.37 for W 


Q = (0.04 y (110.68 -41.6 1) Bhaslb + (~1.012 Вкл) 


„2 = -0.4416 ug @ 
г. The heat transfer ıs dut of tha System. 


3-42 


PROBLEM 3.55 


KNOWN: A two-phase, liquid-vapor mixture of Н.О 15 stirred in a 
rigid, well-insulafed tank until only saturated vapor remains. 


EIND: Determine the amount of energy transfer by work. 
SCHE | D 

Vp, 20.005 (4° 

Voi = \. д с? 


P 214.7 lbc/w 





ASSUMPTIONS: (1) The H20is a closed system (2) There is no heat transfer. 
(3) The volume is constaut.(4) Kinetic and potential energy effects are 
negligible, | 


ANALYSIS: The work is determined using the energy balauce 
o e 0 
АКЕ + AM +AU = A-W 
ov, with AU = MCU“) 


W = мск, - и У 


| | й 
Using data Cron Table А-%Є 
| 3 
Mo. = Усу = (0.005) = 0.244 ا‎ 
vt. — (0.01012 Ge lb) 
_ Var (2. 0%?) -0045 | 
^w" w^ UOTE) 70099 5 


X, = Ma, / ( ^g * ^.) = 0.04S (0:239 +0.04S) = 0.13 | 


2291.1 $t / 1b 


Sue VQ x (И) / (v^ ^а) = (120500 (024 «0.0us)l = 
Tuterpolativg in Table А-З Є wih Va 7$ $0 Q^ lb = 4471104, 2, Ba 
ti 
Finall 
CY = (0.248 40,048) (297.7 2408.3) — 


(D = = эла. Btu 





|l. The negative siqn Lor work Aenoles energy beo ster 
^ into Me system, as expected. 
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PROBLEM 3.56“ 


KNOWN: Lefeiqerant 22 ex pauds UA a p stow -cylinder assembly from a kuoww 
initial stale to a lewovon final pressure. The pressure- specific volume 
relation is specified, 


EIND: Determine the worl aud heat transfor, each per unit mass, 
SCHEMATIC d GIVEN DATA: | 

ReLemeront 22. T= 24 oc. 

X, -0.4S 

— J—> PLO Bar 






PU = constaut 
ASSUMPTIONS: (lL) The (022 is the closed 
system .(2) During the process, рл =constant. 
(3) Kinetic and (2 ential energy effects are negligible. 


ANALYSIS: The worle is detewvmin ed using Eq. 2.17 along with tle given 
pu relat cow. 





= 


Uz А? 
W= f pav = mJ pav = mf const: Aw 





Wath p-3 = mgt. = Rv, 
W = Cer уй» (5) 


Using data from Table A-7 j а = Vy + х, (vg, =, ) = 0.0220 м/д p, LOU bar. 


MET _ (t6.(04)(0.0221) _ 


lo p| м 
i bar 


mad LEY 


о? New 








= = (lobar )( 0.022 | E TA ع‎ \: 524 Ed 

The heat wansfer 1< found using the enevgy balance. WY, assumption 3 
AKE + АРЕ + А\з = Q-w 

and AU = míus-u,) 

A = (U2-U,)+ Wm 


From Table А-7 ak 24°C, К 0.95 su, ‚+ х. lug ие = 225,89 l3/ ka. 
Also, terpolating in Table a- Q at p 1.0 bar, = 0224€ m?l ks gives 
Аз = ASNH / ks. Finally | 
2 — — = \ kJ 
Qf ( 908,14 — 225.84 у + (Sat le5/keq) 


= 42,0 з [15 га 











© 


l. The respective positive signs for heat aud worl denote Мож for this 


rocess there is energy tvausfer by heat inte the system aud energy transfer 
by work euf of the system, 
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POSLEM 3.57 


К NOUN : A known amo uat of MoD ata specified initial 


: де ESSAYE 15 
confned to me sida of a vigid well sulle ted. Соо. дег 


bu a partihin. The poritiim is removed aud Ma Ho cxpauds 
into the initially evacuate d side reaching А. specified pressure 
when equilile rium is creed. 


HND : Dekevmiune +he initial quali ty cud +he oveva U volume of the container, 
SCHEMATAC é GIVEN DATA: 


ЕЕЕ жо E TELA 










| 
ч. о | evacuated|/ 








3 7 ⸗ 
Р, = H4O lethu? / 
p77? attflt ts tite 4ITTT77T¢ 7177007004 
invrial state : final state : 
e, = loo lec Е Жл. 
— 2 Pa qo ef [i 


ASSUMPTIONS : U) The contents of the tank ave the closed sushewm. 


(2) The expansion occurs with no work or heat transfer, G) The 
Volume of the tanle is comstant (4) The are wo changes in levnetic 


or potential energy. 


ANALYSIS: Fivst, we solve he problem omalytically phen , we use iie 
sobtwave Interactive Thermodynamics: IF. Begin with the total volu we 
М am U, + 7 H? 
Where т=т1Ь. Also, not ig that V= m Uz ие get 
v= Ж هد‎ + Д0 ج‎ +3.5 6 dy 
O) Now, An awed As, COM be expressed in terms ot the qualities х, ord Xz) 
respectwely 
U, x bru AEN i Meo 
№, = "Ve. + X2 CU; iUa 
From C 
Є „еа Veg) > ыы аг ES 
Using deta trom Table А- ЗЕ. 


2.01115 + X, ( 10.50 - 001715) = 0.011714+Х, (4.434- 8.01714 ) + 3.5 
б 
í X, (10.465) = X, (4,4163) + 3,50051 


Now, an overall energy balance reads дує tA ŞÊ +AU = @-у/ => ۵5 = ®, 
Or Uz=U,. Fn terms ef saturated liquid aud saturated vaner data 


Uç + X, Cus у Qc) = Up + X, (Ug, Че) 


(22 


Insevting values from Table A-3€ 
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Реобсем 3.57 (Contd. ) 


е 


230.03+Х, (1042.3- 236.03) 3 298.3 + х,(и05,8-246,3 у. 


* X,(€ 2956.271) = х, (807.5) + 62.27 (3) 


Expressions (2) aud (3) each involve the Unkuown qualities xX and x. 
Solving Sivmutaneous ly 


X, = 0.5006 
X, 3 ©.$‹4Ч-8 


x, 





| analy tical Yesuts 


Using +hese result gives АЛ, ® 2.22.84 H? lb, v. = 5.2284 Hlo and 


V = 1.997 £4 > ч М 


The IT code is much less r^volved +han +he analytical Solution . 
Seven expressions are written thet involve the seven unknowns < 
VW, U2, X, Xa, U,, uz . The equact ov Solver solves automatically, 


Without the need to further Manip ulate the expressions algebraically. 
The code follows 


p1 = 100 // lbf/in. 
p2 = 40 
m =2 // Ib 
М= т*у1 +7 Л 
V2 = ү1 + 3.5 
v1 = vsat_Px("Water/Steam", p1,x1) 
v2 = vsat_Px(""Water/Steam", p2, x2) 
u1 = usat_Px("Water/Steam", p1, x1) 
u1 = u2 

 u2- usat_Px("Water/Steam", p2, x2) 


v 1146 | j> 
x1 0.5007 l Fenes 





l. This assumes that state 2 is in the two-phase liquid vapor region. Lf 
State 2. is actually in the superheated Vapor E X 4, would 
Twv out fo be KA sica ll unreasonable and it would be necessary to 
ОКИЛЕ Зе е ка 

2. There is excellent agreement between the analytical avd cowputer results, 
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PZOBLEM 3.58 


KNOWN: Water is cooled at constant pressure from saturated vapor +o 

saturated liquid, 

бмр. Delermine dhe work and heat tvausfer aud show that the 
heat transfer equals the change in enthalpy, 


SCHEMATIC € GIVED DATA: ? 


P= loo e Pas { bar 2. 100 kPa 


= | bar 








pA 
ASSUMPTIONS: C1) The water is the closed system, Cz) The pressure KS 
comstaut.C3) Kinetic and potential energy effects are neglected. 


ANALISIS: To determine +he work , use Eq. 2.171 along with assumphion2 
Vz | 
W= J pdv = plV2-V,) = MPU, ) C1) 


\ 
Using dota from Table k-3 at р= 1 бду 5 U, = Vg = 1.044 w* la and 
AX, Up = 1.04 32 xio ул? /ka . hus 


W = 5 kg)(100 kPa) |: I| оцзахасг°- ан ET 





| lefa (о? Nm 
= - 846.5 KT. ү 
the heat Худи; (еу 15 found USING the емеүдч balance - a KE нуе AU = Q-W 
б) = AU +W 
or, wih AU = M(uz-M,) 
Q= mlU- +W | (2) 


With U, =3Ug = 2506.1 kJ/kg ond Uae Uc = 417.36 1716 from Table 4-3 
= | ص‎ 6,1) ЕЗ i : J 
Q = (ө k4)( 417.36 - 2566.1) E 846,5 kT) 
so 2400 bI a e 
Combining Q) amd Cz) 
Q = үү (А-ЧУ + mM pCUz-U.) 
= m (uct pava) -U p oL] 
Lud, мем pu avd data from Tubie A-3 
® Q= м ih | = (5) nac - 2155 | = - 1240 kT 


\, The result developed heve fov a closed system is only valid for a constant 


pressuve Qrocess. 
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PROBLEM 3.59 


KNOWN : poe solid water is heated at constant pressure to saturated 
liqui 4. 

Eind; Determine the work amd heat transfer. Show that the heat Hanser 

equals S He change LA enthalpy. 





stole 1: triple p" 
sak. solid 


| State 2: sat. liquid 

















ASSUMPTIONS: (1) The Hao is aclosed system.@) Тие | 
pressure is constaut.(3) Kinetic and poteutiol energy effects AT 
охе negli lle. 
ANAMYSLS.. The "il i$ delermied using Eq. 2.17 
Wi = [piv - = mP- V) (1) 
From Table А-6 ; 15 "Uie = 1.0208 хос З m*/ kg . Also, from Table А-2; 
Uz = Маты, l'002.xco^? M7 kg, Thus 
м ШТ ЫК 
i c l x r3 | 
W = CI kg) (0. 6113 kPa )( 1.002 хоо |. 0458 xo *) | kPa, М-и 
2-5.128xt0^ ° kT Ww 
The heat transfer is found using am Energy balauce , 
AKE+APE + AU =Q-W 
OY, with AU = MCU KA) 
Q = Yn (0.4 - и, у + W (2) 


From Tabie A- G 5 и. = — 333.40 ЮГЕ, ond from Table A-2 j U, 0.00 . 
Wus 


Q = (\ kg) L © - 6333.40) С + (= 5. 428x107 kT) 





= 333.4 V1, 
Combining Eqs. C) avel (2) 
«Q2 мро, а) 


m | Uae pur) – (и, +P, у} 
Yn (hak) 
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PROBLEM 3.60 


KNOWN: A three-phase, solid -liguid -vapor mixture of ЊО at the Triple 
point is heated at Constant pressure to Saturated vapor. 


EIND: Determine the worl. aud heat transfer. 
SCHEMATIC £ GIVEN DUA: 


mi, = | طا‎ 
rg, = | tb 
mg, = 0.2. ib 
May TAA tb 





triple pont 
ASSUMPTIONS: (1) The HLO 15 a closed system. (2) The press ure US 
constant .С3) Kinetic ond potential energy effects are negligible, 
ANALYSIS: ا‎ i is determined using Eq. 2.11 

We омар = POM) 


From Table A-bE ; p= 0.0887 M£liw*, T= 32.018 F. Also 
U; = 0.01747 f+% lb , Ug = 3302 #/1Ь 
From Table A-2E ; 15 = 0.01602 £P. Thus Уя 
М, = mi, U; + Mg, UE + Mg, US 
= (1) (0.01747) + (1) (0.00602) +С.2) (3302) = 660,4 #3 
V, = (4.4) (3302) : 7264.4 H4? 


= 108.4 Bf a 0 S o LLL MW 
To determine the Na \ғам ес use the energy balance 
AE + MEA AU = Q-W 
б) = AD+W 
Again, with data from the fables 


O, = m. Ut Me, Ug + "4,49 = (1) «3.39ч) + (1) (о) + (.2) (1021,2) 
= 60.3 bh- 
U 


4 = M4; ug -(2.a X10 2.1.2.) = 2440.6 Btu 








оС, 


Fina Uy 


Q = (2246.6 - 60.9) + (108.4) 222q4.1 bhu 
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PROBLEM %3.6/ 


К моо ALS lw ater Contained wrt e. piston - [и Фау “aS fe u. ay US headed 
at contant pressure followed 59 heating at conftaunt Volume. 


FiInD:  Deternune the heat Fans fer. 


SCHEMATIC éGuei DATAS 





O0 kPa 


Раша = 1 
“© 









Е : md d ee ee ИШ Иш P 
4.5 cm | - 
1 cm | 
Diameter = 10 cm Initial quality 
Mass = 40 kg ху = 25% 
ASSUMPTIONS: ib The water ts a closed ry Stew. 2. The [елге is 


constaut uukl the piston hits the Stops. 3. Frietion be hveen Ha 
piston and em linda atl Cor lar i veyed. 4 For Too system, 

APE ,AKE сол be ignored, 5. gù constant. 

AVALTSS: To begin, fx the three states located he dots on — 
РУ wi agram State L ш Axed b X2 25% and Р! ر‎ which ts 


& (ved fran a force Walante oA +h ри: Te force exerted by the water 
on tha Lower face of the piston Equals th. piston weight -plus 


ths force eyerted on the top face 64 d a tue sp Кала: 
ч. 
ВА = Mpist 9 + Paim A ) A= 90. [4 














> bar \ bar 
"ET ha = Gorgia mls) [ EN. + Gees 
а duda K 3070 a | кам] | | ыры Lio ie 
4 


= |S bar 


State о is С, xed by Ра. > Р, > bS bar and rns spe ux Volume i Ua А Iro cv 


ten yo metry ) Va = 4+5 Vi Cc Saits V; , wha‏ ما 
0.240SY- ил] ks‏ = ) 10828 - 1159 ( 0.25 , 1.0526 
FE D3‏ 





чүт М + Yi( Vgi- Ур) = 
S Ua - 4.5(0.2905%) = 1- 3074 [69 


Sma "Waco Уд (usbar), Stata a Fatto w tre горем С.) Vapor уон, ао 
Shown um tr» e^" Ф аага. 542.3 ب‎ f xed “ч Vi-Va and p= 3 bar. 


The db mast of wal сэ 


2 
. M a T4lorm) loom) 2.203 x« * є9 
ii 0.2904 ve] Е9 
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PRORLEM 3.61 (Contd. ) 


Sina Чилла o ne work assowated with thre — vo (ола, 
poche ine (ous, ths tad work a obinpnedd ao Ha water 
undsv sees +h. oe Stam t p^ 5 иге e Dant ina N ev | to as 


we (рау = pLa- Vi] = РУ, 77] = mpl) 
І 
That ف‎ 4 wi Th А7» = 4. 5\7, 


Wre (Q-Wo1xc 4 e) (Se EL E SUP (te 2 4054 ул. =) |, | 
= 4.23 J 


eti ———— ——— ————— 


An anergy balance Arado 


Dut OFE+2PT>= © - МЈ 
зу а= 24+ Ал 
= MW (ч. -а,) + МЈ 
wher € 
uj 7 Ug, + x, CU - Up) 
2 466-44 + 0.US( TS. 7~ 466.94) = 990.13 KI 


To find ur, уе гео! aXe 7 “Tobie A-Y at bar 


Usang Va : ч; = 3263.73 
каје. Tren 


3 
Q = (2. 703к‹6Ч by) (3203.53 - 404156 Еч + UIJ 


= оў ڪڪ‎ 


PROBLEM 3.62 


KNOWN: A system consisting of H0 is compressed isothermally and then 
I$ heated at constaut volume. Data are known at each of the 
principal states, and te work is known -for process 1-2. 


FIND: Determine the heat transfer fOr each process. 
SCHEMATIC Ê GIVEN DATA: | 
State 1: T =300°F Р 
V, - 20 {+З 3 120 Ibe li 
Wa = 770.8 6H. 


State 2: Т, = Т, 
№, =905 $45 


State 3: V3= М, 
Б =120 I6 f/ i^ 





ASSUMPTIONS: (1) The HO is a closed system. (2) Process 1-2. occurs at constant 
temperature amd process 2-3 occurs af constant Volume (3) Kinetic and 
poteutial energy effects are neghg ible. 


ANALYSIS: First, fix each of the principal states. 

State |: Т, 3000F, v; = V, /m = 10 #°/lb. From Table А-4є; U, = 1104.1 ӘЛ 
State 2: Tz =300°F , 1, = V2/m 2 305/2 = 4.525 £P b => two-phase (Table A-z&) 
- x Un- Uge 4.525-0.0174S 





ча =, 


и Ug," Ut. 6.412. ~ 0.0745 0.6984 


Uz = Up XU. - Uc, ) = 204.5 + (6984) (1100.0 7263.5) = 849.5 hl 
oate3 : Р, =120 2 UZ 29.525. Interpolah ie өл Table A-UE; U; = 1166.3 Bub 


Now, using energy balances for each Process 
Frocess 1-2. : AKE + BEE + AUD 20,7 Wa. 
Qi = MCU “UY + WA 
(2 \b)( 844.5 - Lod.) &u/tb + (-46.8 614) 
-b600 6k. Фу» 
Process 2-3: ду + AFE +AU - Qs - Wis 


Qos > MmMCKU,-Uz) 


n 





= (2.у(1160.3 – 844.5) 
= 633.6 Ble Q23 
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ж 
PROBLEM 3.63 
KNOWN:  Refrigeraut 34a undergoes a constant-pressure process. The pressure 
and the initial and final Volumes are speatied . | 
END: Determine the work and heat transfer for the process, 
SCHEMATIC $ GWEN DATA: А 
F =P, =2 bar 
V, = O. 12. m? 
V, =2.0 V, 20. ул 





АТ 
ASSUMPTIONS: (1) The refrigerant is a closed system.(2) The pressure is 
constant (3) Kinetic and potential energy effects аге constant. 


ANALYSIS: The work is determined using Eg. 3.17 
Vz. 
W = J РАМ а рс. - ) 


4 


о? N/m2 


— 
| bar 


= (2 bar )( 0.24 Old) m | 109 М.м 








= aH КУ Ww 
The heat transfer is found using the energy balance 


о e 
АКЕ + APE + AU =Q-W 
or, with AD = m (к»-ч.) 
Q = mlCuU,-K%,) FW 





From Table A-M, with U =V, /m = 012/2 = 0.00 m? le and р = Ibar 


U, - = у 5 
„70е 0.00 0753290 ого 
I? a uf * б.оййу-Олзухк (0 


U, = UE, FX, C45, 7 Ug.) = 30,69 + (0.6012) (2321,43 = 36,61) 
= (97.10 kT /kg 
And , from Table A-N, af "v, = 0.12 m/s and р = Драм 
Uz = 255.66 l3 lke 
Thus 
Q = (Zk4)( 2585.66 7 071/16) [Е + (24 kT) 


ета 
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PROBLEM 3.64 


KNOWN: Ammonia undergoes two processes in series tu a Piston - ela der 
assembly; the first at constant volume and the second at consjaut 


femperatu 


re. Data are known at each of three end states and the 


heat tronsfer is given for the Second process. 


FIND; Determine (a) the heattrausfer for the first 
for the Second process. 


work 
SCHEMATIC £ GIVEN DAZA: 





process and ( b) the 


T 
P,2120 Ibfliu™ 
X,-1.0 





ASSUMPTIONS: Q) The ammonia. 15 closed system . (2) The processes occur at 
Constaut volume and consta wt. temperature, respectiv ely. (3) Kinetic andl 
potential energy effects are negligible. 


ANALYSIS : The heat transfer Q4. and work МЈ, з are found using energy 
balances. First, Fix each ef the principal states. 


- 


Stated: p, =120 |bfli*, X, =O > U, = 572.13 ВЊЛЬ (TableA-14€) 


17 2 2.4145 ft lb 


State 2: V, =17 ر‎ T= (OO°F ; Tuterpolating in Table. А-15Е 
u, = 584.11 Btus lb 
State 3: Тз =100°Е, x,=.0 => з= 576.51 Blu/|b (Table A-13E) 


(ay The energy 


balance for process 1-2. reduces to 


Ayé+ Mee (Ua UN) 5 Qu 7 Ws 


and 


Qu = YA CGU - Gc) | 
= (2.2 lb) (524.17 - 572.73) Blu/ib = 36.17 6l. 
Cb) Similarly, for process 2-3 | 


Qua 


O O 
AME + Oe + MCUg U») 702524 -W23 


Ws, = 


y 


Q23 x m (Us-Ur) 
(-48.3 Blu) – (2.2 We) (575.51- 584.11) Beeb 
-—1.05 Buy Ws 
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* 
PROBLEM 3-65 


О. VW $$ el ac A ee 
| + 


SCHEMATIC A GIVTN DATA: 





тү=-Чо°с, Sat. Vapor 
тъ = СОС 
р = (о bar 
ASSUMPOTIONS: |. The Propane c ths closed Sy Su. 2. Бу the System, 
Cina INC wea eee а; ы fet cA. le tguoved. 3. The Poca 8s Lo 
doser: lae d 4 рт = Constant. 
AWALTSIS: 


The work con le evaluas Ñas ao 


e г. ⁊ 
Ws | РУ = УЫ „( psu = ( c. ب وکا ر۴ = صل‎ AV 
١ — (v^ ^ Cn 

These requires ۷0 ر‎ Which Co be evxalu«kad оли da ta fr oun "C o-0-4 25 A-o 


ро = Au," sin fn 0. + и Фл = مال‎ р, + и Аа Ч, 


А-8 








Э ид = سا‎ IP ec = GA IP) 
dn (ч, (9) 
Then 
j La (0/1.10 ) | 
= SM =) n = 1,309 
Lan (0.3198 /0,1045) 

$0 ) | 

мга Cover олон р) - (0.580 | | | 

" | -1.308 ioar mem 


16 7 - د 


— — — چ 


Am — lo^ (anc e Aoda مف‎ TO OUC- Q-UC2, om 


(Q« DUE WW > Maer (Ча-Ча) \ [м^ 


Q (552.7 – 281.0) + (-G6-7) 


05,0 kT / kg 


|! 


{1 
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PROBLEM 3.66 


KNOWN: Д system consisting of ammonia undergoes a cycle composed of 
three processes. 


EIND: Sketch p-vawd T-u diagrams. Determine the cycle net work and the 
heat transfer for each process. 
SCHEMATIC $ GIVEN) РАТА: 


Process 1-2: constant volume from p zio bar ,X,20.6 do Saturated Vapor 


е 


“м, 





Process 2-3: Constant temperature, Q,,*228kT 

Process 3-1: Constant pressure 
ASSUMPTIONS: (1) Closed system .(2) Neglect kinetic and 
poteutial energy effects. 
ANALYSIS: Fivst, fix each of the principal states. 


Stafet: р =10 bar , Xx, 30.6. Thus U, = Uy, eX (Ag, - Ug, ) = 226.10 t GO) (1334.66 - 2%.10) 
2414.2u kT kg (Table А -1ҹ) 


U; = Up, rx, Cug,- Ug ) = 0,077176 m*/ La 


State: Sat. vopor, v; -v,. Inlevpolehi43 in Table 4-13, at Ug = 0.07716 т? (ks 
Gives w,9 1241.26 КТЫ and Т. = 92.524. 
State 3: р, =p (0 bar., Ту = Т, = 42.329. Tuterpolatiing In Table A-1S 
Uu. 1274.35 ГЕЛ aud "v; x 0.14027 mles 
& 





72. 52e. 
U 
The required energy transfers are determined by using energy balances. 
e о 
Process 1-23 AkÉ + Arb + mlu, -u = б Mu Сы” миъ. = 844.0 kT 12 
о о | 
Process 2-3: АКЕ tare + MUU») = Q24 7, N 2 Qu у UA у-и у 
= [6000.6 kT 
^ У, "v 
Process 3-1. Using Eq. 242; Wa, = \, РАУ = | mpdw = тр (а-у 
| : s 
10 wm? 


1 bar 





Jk 
Гу e| 





3 
= (2 kay (10 bar ) (0.01116 ~ 0.14027) bs 





9 „о 2 -125.0 КГ 
amd Ayé +d E+ mgu ua) = Q3,-W3, 7p Qa, = MUU) +, 
=-1036.4 v. — з! 
O@ Weucle = Wirt Wis rW, = O+ (60.6 +(-125.0) = 35.6 kT, Месе cle. 


|» t. The positive value for Weycle inducates Њо cycle [f a power cyde, 
2. А chede of the net Wak transfer confirms thak Quy «le = Wey ele - 
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PROBLEM 3.67 


LN OWN ` One Ke of water Under goes е. Ha e rno dea na ruc су che Composed 


OF four peococces. 
Ею: Deternune +h. t+hermrodd Aie 9 
SCHEMATIC 4 GIVEN DATA: lobar 





1-2: Constant 
гше at 
lo oar from set. Yap. 
2-3: Continut Volume 
4o S рау, 160°C 





3-3ҸЧ Sothea yum o 


Cove pass 5 (л , Gaz -815.9 < v 
Web Constant Volume | ۷ 
ASSUMPTIONS’. 1. Tha water % ths dese System. 2. Volome Change b phe 


only work mede. 3. иес and poten tat energy effect Can 9-е 19 kored, 


ANALYSIS: The hayret Ane n ч, of a pover CQ عك‎ Э Wz Werde /@ in 
(сее disuwucSi л of € 4s. 2552, 4 3) Й Where ХАУ ск = Wiz 4 Wz? = Wey + We |. 


Process 1-2: State | Ò fixed. Stet ù fixed by Рр, tober, Чут V3, Ком “Table A- Ч 


з 
“з= 0.3 "— ر‎ Чут 2575.2. 5 


rA —X 2 зук 
» Wr: | pv = pw (vy -\,) > Go Ыр K egy (o. 3955 ме RI 


= 184.1 1J 
Аи з nergy lalance Aaa Co» fo give Q = àU + WT оу 


Gon we (Ua си уа WE > Weg) [3231-8 - 25836 ]+1841 eJ = 8873 к 
+ | 


where Чу  ohtnined Fran Tra А-3 — 6,73 (=\л). 


Сеосоѕс 2-3: МЧ›з= О 
— — о 
CQ = wm (U3-U2) * ve = (eg){ 2675.2. - 223.8]7 ¬ 6566 ЕЈ 
23 | 


Process 3-4: (34 = — #19867 C given). Tren, Bus Qs - Олз qve 


Was = aru- U= Gau- les - чз) 


Stota Чо» xed by T4 leo?C, V«- Vi 


3 
х4 = Vu- Vf - GAGS ое 2 O-63iF 
V4-Vi б. 2071 — i402] 103 


=> Use Up жа (Ug-UL) = CRY. S6 + (o. ьз2.56.ч - 674,06): 17! кз les 
Sy Ways — $9.8 — (g+ - 2525.2]: - lil. C kj 


3-51 


PRORLEM 3.67 ( Contd.) 
Process Ҹ-|: Wai 20 , and 


O 
Qa: QU + oe | = m (Uy - U4) 
= (ies) 2563.6 - ie). = 72-6 J 


Thea «ak work (о thew 


Weyer. ۾‎ Wit + جحلا‎ + зч t Сох. | 


CD - (BI tO (uie) + 02 7745 FJ 


— 


To @btain Q in, 


Oinz Qu + Qa, = $37.3 + H.G- 1594,9 ky 


Tunen 


ү = —— оос (8%) 


5444 


O As a check, note tht fw every € J Re Ce مل‎ = Co cycis | 


— Q cyu - Nirt Q3; 4 + CY + Q ч 


> 8373 + ( - eS. 6) + (- IS. Y) + 2.6 > 3۴ 


w 


whath opines Les AW US تلم ای ھل ں‎ d using The worrie 9 vau h hes. 
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PROBLEM 3.68 


KNOWN: A ре" consisting of Refrigerant 22 undergoes a cycle composed 
of tnree processes. 


FIND: Sketch p-v aud T- diagrams. Determine the cycle nef work aud 
the heat transfer for each precess. | 


SCHEMATIC £ GIVEN DATA : 


Process 1-2 : Constant pressure from Р, = 30 loin 
%,20.9S to T= 40°F 


Process 2-2. isothermal with W237 -1.82 Bka 1o 
Saturated vapor 








Process 3-1: Adiabatic Cx pA ASIOA ; Q3, =O 


Ci) The R-22 is a closed system.(2) kinetic and potential energy 
effects ave negligible. 


ANALYSIS: First, using data from the refrigerant fables , fix each state. 
State 1: Table А-8 Е at R=30 Ыки amd x, = 635 
ер *X (ug, = 4¢, ) = 7.36+С:5у43.67-7.38) = 84.36 Ghul Ib 
U = Ug, X CU р) * 0.01178 + 6.45) ( 1.7430 - 0.01178) = Losey fF I 
State 2: from Table A-4& at р, =p ,T,=40°F; U, = 100.40 Blallb ‚и; = (1858 ryle 
State 5: T,=40°F, sat. vapor, from Table А-те ; и ,248.08 ЛЬ 
> 





The required energy transfers are determined energy balances . 


Үг | 
Process 1-2: Using Fa. 2.11, Wie?) РДМ = mgptv,-U,) 
№ = (1 10) 30 19и) (14856 -1.65ьЧ) FY Ib | = ا‎ 21.529 elu. 





1442 17718 РЕ 
о «о 
A+ E+ MCU,-U,) 2Q a Wa => Q27 Үм (A 4- И, у tW, = 12.97 Byun ©з. 
© © 
Process 2:3: Wg, 7-182 , AKÉ + vU cuu) "Qas “Was 
Qas = M (Uzu) Мз = -1Ч.\Ч Bl 055 


o 2 
Process 3-11 AKE tse +m(U,-U3) = у “Ws, 


Wa, =~ MCU,-Us) = 8.72 Ble 


O@ _ Waele 3 Wi; t Wrst Wa = (1.827) + (-U.82) + (8.12) = -1.21 Burg Woude 


1. The negatwe value for Weycle indicates the cycle is a refrigeration cude. 
2. А check of the net heat transfer confirms Bayete 7 Weye le - 
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PROBLEM 3.64 
known: An electric resistor transfers energy to water tna well- 
Insulated copper tank. 
ELIND: Determine the final egucli brium temperature. 
SCHEMATIC 2 GIVEN) DATA: 








copper: e = 183 kg, Te; =27% 
water: muy 34 ka, Ty; = 50%. 


W = -loo k3 


РРР 


ASSUMPTIONS: (1) The copper tankand water are с. closed system (2) There. 


is no heat transfer. (3) The copper and water behave as incompre ssible 
substances with Constant specific heats (4) Kinetic and potential energy 
effects are negligible .(5) No energy is stored in the resistor; AUpes= © 


ANALNSLS : The energy balance reduces бз follows 
AE + APE + AU = ~N => AU =-W © 
Or ge AU, +AU =-W 
we Me Ce CT yp ~ Tei) + Mus Cu (Te Ts) = -W 
Solving for the final Temperature , Ty 
. Pe Ce Ter + Mus Cau, -W 
f Mole + My, Cro 


Using Table 4-14 ,4he specific heat of copper is 0. = 0.385 Ki/kg-K. Ама 
for water at 325K, Cu, 7 4.014 kT/ kq-K. Thus 


_ (13 kqY( 0. 385 K3/ ko) (2742713 )K + ( 4)(4.11%)(5о 4273) -(-100) 
Ф " | (13 ka) (6.285 bT/kg-K) + (4) C4-U13) 


= 322.3K -'M3?"C. 





1. Note «het temperature m °c Could have been used clirectly па thes 


Expression : 


Ts 


* 
PROGLEM 3,70 


known: A hot aluminumbaris placed ти an open tanle of cool water. The bar 
and the water come 4o ы регии with no heat transfer with He 
Ssurroundihas. | 


EIND: Determine ие Linal temperature. 
SCHEMATIC f GIVEN D : 





Vo. ^ 0.2. e 
Ta; = 200 °F 
Vw = Ч H? 
Twa = 10°F 


ASSUMPTIONS: (D The Al barand water are the closed system (2) The alum 
avd water bthave as iu compress thle substances with иза} speditic heats. 

(3) Kinetic and poteutral energy effects ave neglectest. (t) there is ио heat Jranster 
between the tank aud its surroundings, and W =o. 


ANALYSIS: The Energy halauce reduces as follows: 
Дуё + ДрЁ+ AU =A 2 КОО 


or NU,* AU, =0. Thus, if Tg ts te {аЛ equilibrium temperature 





© maC (T; - TF.) + Mus Cy, (Ty “Tw; ) #0 
Solving for Тр 
т = Malalai + Mu Cs Tu; — 
f C) 


Mala + Mw س“‎ 


To evaluate Mw, use "V, @ тоер from Table A-2& 4o get 


. Ww _ #4 fr? 2% 
My < ра ` 0160S ЛЬ лы 
To evaluate Mo QW 09 doko Cron Table А-\а € 
mo = Pa Va = (6% Bs) (0.2 £) = 33, lb 
Now, With Co = 0.216 Bla Ib. R and Cy, 20.098 Blu/Íb^n (о5чо° г) 
Ce Table Á-14€ , we can evaluate CX) 
т (33.& (bo) (оосо Gta /Ib; "2 )(200 4490) R + (249 2)(0.24R) (10 +4 оо) 


£7 (BBS) (0.2 Б ИЫ) + (249,7) (0.498 T 
= $33. 1^R 2 13,2 *F e 





l. Mote that temperatu re in couwlo be used in this 
expe ession because it involves temperature Aiferences, 


PROBLEM 3,7! 


known: An isolated system is formed from saturated water vapor 
and a copper slab initially at differemt temperatures. 


EIND: Determine the final equilibrium temperature of the system. 
SCHEMATIC Ê GIVEN DATA: T 


/////////// 










/ р Ие ра е — [30% 
/ / n 
tL copper LO 
AA. "d 
ИРГИТ, 


Ww 
ASSUMPTIONS:(1) The HzO and cop r form an isolated system .(2) The 
Volume of the sustem is constant. (3) The copper behaves as an incom- 

pressible substance with constant spectfic hests СА) kinehic and potential 


energy effects ave negligible. 
ANALYSIS: The energy balance reduces as follows. 


о о È „© 
ae + APE нао = 0 => 40 =0 
or NU, + AU, =O 
M.S (бете) + Mi Cui wr Uiw 99 
With Uw = Ug g goer = 25344 14 and с = 0.385 EX from 
Table A- 14 
(10 kq)(.385 Ie.) (T,- 30) + G2kg) (U, w 25399) = О 
or, Solving for T; | | 
T, = зо - LA Mw- 2539.4) | (1) 
(10) (.395) 


The final Specttic volume et the water Vapor у, ‚\5 he Same aS 
The initial value 3v, = Ua @ 130°C * 0.6665 m*/&k4 . The final qualety ot 


К.О 1 
the HO is и Une Uta 
— 
and Uz Apa t Xe (Ug ~ uç) 


Thus, an iterative solution is required, First, guess arial value of 
Tr. Calculate X, and u, based on the tria T, and saturation 
daka. Use (O to calculate a a value of T, . Repeat until 
Je. Arial value uals the ene predict by Ci). 


Result: T, = 48% Te 
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PROBLEM 3,72 


KNOWN: A liquid ma vigid Jauk is shirred lou a paddle wheel aud 
чо energy transfer by heat with its surroundings. 


EIND: Oba a differential equation for tempevature T in terms 
ot time t aud relevant parameters, Solve for T(t), 


SCHEMATIC $ GIVEN ФАТА: 


liquid with spedfic heat C, mass m, 
aud temperature T(t) 
t =O 35 T= To 





ASSUMPTIONS: (1) The liquid is the closed system. (2) The liquid behaves 
AS AW incompressible sulostuuce with Срам Specific heat c. (3) The energy 
transfer from the paddle wheel to the System occurs at a cmstort vake. 
(4) Theve are ^o changes iu kinetic or potewhal energy, 


ANALYSIS: The energy rate balamce is 
ак д A 
+ „Же Ы а ^ Q-W 
with а/а = me Mat avd à = HACT-T) 
AT | | differential 
me ar = DACT,-T)-W equation 
To solve, let Ө=Тт»„»-т ; ат =-4Ә. Thus 


a (2А jo E un 


| ài TV mc 7 me 

The. solution of this diff ereutial equation is ot tle ferm 
Oct) = û, exp | -( BA) +] + EA 

at t0, Т= To р Ө=©. Thus l = - М/А , SO 
ec) * gh {1 ee DRY] 


Ôr W | 
or TCH = Tom Bate ер). rie) 
1. The solution can he verified ру direct substitution into the 


differential equatiow. 2. The solution satisfies the initial condition. 
hat To) = To. 
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PROBLEM 3.73 


known: A Steel plate of known thickwess and ќи аА temperature (3$ 
quenched ил a bath whose temperature FS also Known. 


Fa)! Derve a par tok da Cfere «hl £qoa4lvon for ы varia hon 
ө eum pera tre wı un the plate Фә a fouch'on of Hime and 
posik. Evaluada thea puns cad perame Hers сл data fran Todda А - (9. 


SCHEMATIC f GWEN DATA: 


tempera ture variation مما‎ 
plate at Жие +t 


Bath J pidensty | Bath at 303k (зо °С) 


j c: Speafre 
Went 


Ki. thermok da My >» 
Conon 4 rly г, еее 
wate 





ASSUMPETIONS: 1. The element of Harko AX i the closed system. 2.. 
Ths in cows pases ble vo dat eppl'es.. 8. Specify. heat and thermo conduchv: ty 
are each Coustant. 4, There о ho wore and ve Kinetc/ potes ie. € мае: effects, 


APALTSIS The energy rate balance Applied te tho eke meut 1, Hackness 


Љу Atada 
чё аре. avr. [ Ael- ۵ ж 
at a+ dc L |; ۶ د‎ | 
The dewpareteute wr Hain a plate varies with робіт ом and Hue, Thus, 
wide Tramu 2(pAAx)uU., wher uut), 


dO. A^ до. ӘТ. ASX c. ӘТ 
ic (pase) Te Sh Qut 


û, eee nls 
T usu X ix^óx 


Ce l( e cta Assault 


Tu r^ Ad vat oo AX 20 


* 


Aco | _ 9&x 
Р ot әз Ge) 
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PROBLEM 3.73 CContd.) 


(When T=T(X,€), fourrer's Conduct ом. mode І C ^w. laa ex fe SSed Qe 


Ges ser oT 
x 2. Gs) 


Сол birds € ғ. (€), (ж X) 
pool = 2 (к ӘТ 
ot XK "x 
Sina "haeret conduchvity 3 Glrumed Constant 


caT _ EF 


2ҳ & 


Gd em fran Tokle А-14 


P= #06063 
C= 0.480 кї [кз · K 
K- 156.1 W/mK 


Defining | 7 
xz F = бз мд S = 3.4/0 © те ` 
= 90605 N 0.48 10° J 
Ў С ud M E 
we navt 
ot __ F О a difeeuhal 
© >t = a * aquation 


L TUS & 9 second. order par hot differenhar e quah ЛА giving “T(x 6). 
Tha solukon requires an aih Cond fim: 


T(x t=0)- 673K (400%) 


and Appropriate boundary Conds h mo. For further dascussim, aaa 
Findamental uf Heet and Mass Transfer by ЕР. Incropera and D. P. DeWitt, 
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PROBLEM 2,14" 
Н.о at р= 200 bar , T =Ч10 °С = 195 k 
(a) Ра = Р/р. = 200 bar/220.9 "ori Fig A-| " 
Га tt /te uxK/ounike = LIS | Z 0014 — — eet 
(b) Table A-U at p = 200 bac, T 2 410*C. = У =0.1355 m? / lea 











— Cv 200 bo (0. —— to* N/w| Le | 
= - — 
RU зу E (743 K) {Бас || lo Nem 























PROBLEM 3.75 
тео Determine 2: № = 110/334 = 5.02 ( Fig. A-2 
N Р 217 MPa v 1.43.) Z2~0.82 
2 T=180 к zz 3 
md — 69208014), вок) 10 Lin 
Р (17x 10% N/m2 ) ЕТ 
а олозм м 
چچ‎ 
PROBLE M G Delermine Ф: Ра = S - S.S Fig A v 
Ves ee Тр =400/a7e = 1.94 = x 0.€N 
T=400°R : pV (4000 lb, )(S ee) (eta we 
e =4o00lk (^^ м = ERT (0.84) (54S ke, {Le 
p" о (noon) | LA 
=111.5 16 m 
PROBLEM 3.11* b. T 575 | 
| © ее см м е, Ф" = = 24,05 
Т- 115 %Е STS R E = 
М" 
сън, | "930 07b е Re Wn 
0 l 
p=? _ (030 & [lb )( 48.2 oe) (озо 4°/ lb (48.2 obm) | 14.1 cx] luy i 
SAS ب‎ | eo 
Soo] (CU J(sts R) 
= |.04 


Figure А- Ui T x00 
1545 pce 
AE a (олчу, cM (575 R) — 1 4% 


Р (0.30 442/1 у 





МЧ awe 


> 500 ا‎ А 
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PROBLEM 3.78 


KNOWN: Oxy gen (02) contained n a closed, Aged tant if Cooled to o 
finat state where pussure is speafred, 


FD: Deterne'nea thre tank volume. and the Final te vw. pera ture. 


SCHEMATIC 2 GIVEN DATA: 





Z YRI* Vg. 
1 
2 
Z, TR 
TRL 
p = 20 bar 
( T= 3008 
ASsumpTions: l The oxgaen ù a ctosed system. 2. Tha volume 4 the 


tank A constant. 


AW ACYSIS: The volume of +t. tank can be evaluated USEING H 
composti hbi |: ty [actov at sH ils 


Z=- BOM a y- Z mRNT, 
(R IM) T Р 


The value of Z, Can be obtained by inspection of tta Co vet 579! (ity 
Cher t л Ре лд Ti- with Te, Pe from Table А—( 





| K 

е са BO bar = о. 54 Te = — 2 l. з 

m D.5 АС ? : Ist E 
> = 0.91. Thus 


ТҮ сух n A -| J П 
(o.s «s )( 8319/32. м. мка) TOOK 
Sirin LA S i — 
( 20 (co? M/me ) 


We 6.91 


= 1990 Ww $$$ 


Sine Volume wa wast are constant, U2, =\Л owe dos 


Vai > VRt مه ر‎ био wn we the Sketch aloove. [Returning t As A-! with 


© Pg= 20 р.х = 0.340 and following a 2ine of Constant Vg. from | C2, 
we have То = 9:36 c Thus, Тыз 0-%6 Te 
Tr - ©.46Xist) = 14 K —— ب‎ 


|. These values fov Р., Т, Th revise tha valuos given vw tha Grst prit 
of the book. 


2. Alternatively ) Ze 2 OSIS can ee read Comte hgure , fom wien Ta 
Co. bee & Va lv ated مھ‎ To =i 47% K. 


PROBLEM 3.79 


KNOWN? 


Five kg of Ca Hin contained UL a piston ¬ cylinder arrangewmeut 
Undergo e. Ptocess between Known States for elc. РУТ constant, 
F ND; Deteruine the work, 


SCHEMATIC @ GIVEN DATA: 


. A=SMÊ , Tz S Ook 
h=3Ha, Т; = 450, 





pr” з Co Vi io. ^ È 


ASSQMPTIONS: l- 
d. pv co^ + 0d. 
ANALYSIS The wert 
Ta 
W- {pav = Ww 
t 


To evaloak W A04 US 
ое Used to obtain 


The Butane w a clotted syStem. 2. The process w described 


en hy 


tA V 
2. 
x. du > м ( Pe- RM) 
{м — — — — 
о I-n 
Wy Ve and n. The Compress: rli Chart Can 


Rar Tod A-I) fe 38bar, 7. = 425, И=5612. 


Pay = .B = 50 bar bar = {.32 
Pe ЗЕ bac 

Ti D. SOK . 1-18 
Te «SIC 


Ag. A-2: VR =O. 
mt ЁТЕ 
— — ж( КЕ) 


^ o.c ( — E o. 0096 








w 
( ЗВх го) i: 
: x Ê. 2322. o. 
Е Fev o 38 ^ — Fig-A-t Мелс 6.44 А 
To. Te = 40. › 100 э = (6.44) (B/B (292 2 o. 0158 m 
$T 4 45 — — 
(3 к (052 
амач" د‎ (Ey Ba دہ‎ SOR 
To find ^j, USE | Р, У, Р П тт uU, P. Du (л) 
-—- gn (S13) = 1.925 
Jn 0.0158 |. 00%) | 
MC PAT,“ ру) _ — [03 MPa) (0.0158 ма - (S) (0,0046)] ла Call 
Ыл. t-n g Е 1-1.025 | MPa ON“ 
т 120 У W 
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PROBLEM 3.80 


J| KNOWN . 


ive. lbmol о 1 c O 2. Undergo a Constant - рге мг c Compre $3004. 
peas s M a Psha- o hinds. Q S$ Se nn 6] . The Work, pressure , and 
ini Wort GaS te perature are lcro wrni, 


EIND: Evaluate +o final Hm perature. 
SCHI MATIC L GIVEN DAZA: 






р = Moloflin™ Ci 
[= -4— т 2600°2 neo 
W 2-200084 


The СО ù a closed system. Z. Pressure remains 
constant Luring + tre co m vate ston Proce gS, 


AVALYSIS: The finat state of T^ gas is fixed b 


Puessure , 312 lof [in^ 
and the spentre volume U, р Gu ch can be evaluata )ل‎ fran oe 
work. 





ASSUMPTIONS: |. 


W‏ ےک 
Ns (рат = рО) = "р(%-®)+ T= у + IZ ФЕ)‏ 
i‏ 


wy COW a. found fv am thr. compus bil, ^4 chart. fre “Table A - 16, 
962124 atm , Te 2S38*R, Then 


(а-а LeO op 
P= (310/147 )atim 00 Кек hd 
К 72.8 atm 5 2d | Sqg?K 





z 1:2 . 


Using ر ەاا‎ ^34. A-\ qiveo Ve = +0 - Them- 


» — prf 5ug?e uer 
vi = Vai (E) = 4.0 (= ib moi: A г) | — 


(114 x 143) Vlin? 


- 21,45 FO/ Ib nel 
441% 


Retrning to Eq. (ж) 


5 (72000 ВЫ.) | ве. 
а 
34.45 d — (S Uwe )(320K 144. 10102) 
IS. 415 / lone) 
So, at SW) Фру- Pes = 0.30 


ч, т ыз oo 


[7] 


58 


and URS = АЛ, Pe/ gc. 
, CISU Ies) (Ga) 14-7) (144) ELK | 
Vee = ISUS Eit Yey — —— = 2.7] 
SY : ° 
ч ои · 12 {sxe R) 


Re turning to Fg. 4-1, TRL = 0.95. T hmo 


Te = Ter Te = (0.4<$)(5Ч%°&у= <21°@ 


——— — — — 
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PROBLEM 3.97 


(0 Using tne ideal gas equation of state t V = O,O0S м 























р V =-21 °C 
ет = 252 К 
_ (LOMPa) COOS m?) [омма iiS = (0 MPa 
| 8.314 k3 (252. lc) | M Po. о? М-м | = (GO bar 
Gu kg . | 

= (0.098 kg | m (ideal qas) 

(b) Using data trom Table А-1 
(CO bay 

Fre * P/ p. z 334 Dn 2:2,4S | Fig . 4-2 

Та = Т, 2 252 қ < Vz х QOS 

RT (Te? ek * 14,00 E 
Thus ёзщ) 

R Te EX (120) \ -3 
U = Up: (| ——] = (0,65) | — —— | — | = 7.1 3 
| Pe | о | (33.9) (=. 1 X10” m?/kg 
—M— E — n 
D Үр 2 = = = n = 


| ! z 91 k Cchart) 
v — UI xeo? m3 ks UEM — 


R AA aa‏ ېه 


l: Assuming that the chart value is correct, the ideal gas 
model under-predicts the mass by about 4.[%. 





PROGLEM 3.82. 


For all states in the shaded rea eon ow 

{he Т-А» diaqram р < 0.1994 bav., Since 

7-01 as Рр So, the ideal доз mode! cau T 
be checked at state i. TF itis valid there 

it will be even better at other states \м 

yhe shaded vegim. From "Tale А-2. 





л = vao ocec ^ TEU (m */ ks 


TU 
n^ т, 
_ (0.1444 bar ) C 7.611 m?/ ) 


эй» ы | kT 
8.314 ЕГ \ (604273 ( | bar | lo 3 М.м 
Ex ka. ( PPM m 


= 0.346 > Ideal gas model is accurate in shaded regi. 


PROBLEM 3,83 


The ideal gas eguation is accurate for ranges of pressure and temperature 
for which Tei We might arbitrari ly consider the ideal gas model to be 
satisfactory if 095<2<¢105 (5% deviation). These limits are illustrated 
On the compressibility chart below. 











1.20 
BUM ык CS SOS. сыз ш RENE UE 
fe ДРЕ ЕЕ С a E mesi 


1.00 سے‎ Гр 


1.20 . , 
C L»x*Loes | | 17 1 71 
d Z ا‎ a 


1.10 


i 
LL 











pviRT 






























— E E E — 
D SEXE заза теср” ре LLL 
NR ا ا‎ — 
5 °° NS LL a gee — 
$ xL SS heen [ee BE 
E ——— 
5 LN 2 27 оГ, 2 - ^ | — 
| CES a Є 

x / 

8 "er NK AA OK — 

"um Sa =, — ES 

А | (БЕЛЕ DAT ДӘП 






„> 
с E PE ER -—- 


1.0 2.0 3.0 ` 4.0 5.0 6.0 7.0 8.0 9 
| Reduced pressure, pa 


لاه 


Figure A-2 Generalized compressibility chart, pp = 10.0. Source: E. Е. Obert, Concepts of 
Thermodynamics, McGraw-Hill, New York, 1960. 


For air, Table А-1 gives; Т. =133K , p, 2 31-1 bar . The following . 
observations can be made from the chart. The ideal Ga S model is 
reasonable. when 


* Pps Ol, for all temperatures (p<3.77bar ) 


e for Te 32.0 (T= Zook); Р < 7. 2. (p< 271 bar ) 

e for 7.22.5 (T= 333K); р <5.0 (p< 184 bar ) 
- £r Ty 235 (T*466k); pa € 3.5 (ре132 bar ) 
‘for Tg» S0(T-7665k); p, « $2 ( ps 121 bar ) 
‚ for Te > IS (T=1995K); Р, < 70 ( P< 264 bar ) 
‘for Tz 22.0 (T-266k); B<32 (psizivar ) 


Thus, for many common applications, air Can be reasonably modeled as an 
ideal JAA ; 
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PROBLEM 3.84 


@) Water vapor at 2000 1011/4 700°F 

From Table A -4E : Viable = 0:24? £7 

Tdeal gos model : "- . (25. А) (11400) 
2 (2000 lbf/iA*) | 


0.3953 -0.249 


= 0.3453 HYIL 


Z, error = — — хоо = 38.79% 2 








Table A-4E : V ple = 342.5 H IL 
ldeal ааа model: s«s 
, — (78.65 )( 660) 
MES Cl) [rae] 
33.6 - 342. — | 
Y error = 212:0- 212.8 o 2 ? x 100 = оэ (b) 
(cY Ammonia at ёр 4/2, 160°F 


Table А-15Е : АЛ = 6.3458 3/1Ь 


table 
1545 
Ideal gas model : ау = WIL (620) 
і 


- gas (60) C(44) 
6.5663-— 6.3458 


(d) Air at Latm, 2000°eR 


R = Pp, = | Amaza ^ 0.027 | ide 


is É*1.0 
Ta s тё "T 20009&€/^3 op = 8, З 1 
" Te. ce Tdeal gas €) 


= 373.0 ЗЬ 


= 6.5063 f17/lL 


(е) R-22 ak Зоо (bflin®, 140°F 


- : ` € 6.184 2/ I5 
Table A-WE U ade 0.1849 ft 


Ideal gas model : 1545, 
d — ( 8:48) (ooo) < o 248) (VIL 
Jas Goo) |i | | 


error = errr X joo = 342%. (е 





2E. 


PROBLEM 3.85 


(а) Refvigevaut (34a ak 80°C, 1. MPa. 
From Table 4-12; Uye = 0.01435 mY ks 


Ide» gus model ; 











8.314. kT | 
U: _ RT ш т |(эвз К) | 1 MPa са 
p PC (1.6 MPa) |o M[w*j] | ET 
= 0.01798 mls 
F 0.0/798 — 0.01435 
Mit “Spas: УР 25.3% 


(rot apna ) 
(Ъ Refrigeraut [34a et Soc OOM 








From Table A-(2; ТА = 0.28404 m?/kg 
Ideal gas model ; = 
БЕ, = Tu (353) EN = 0.298765 mx 
ae (0.10) lo 3 
о — 0.28765 —0.2846Y 
о d + = — — — — = b 
vA evita Tion 0.28464 x100 = 1.1 lo «d — 
| Ide«l gas ; 
model ts 
applicable 
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PROBLEM 3.8 6 


Cow. Oxygen is at a state fixed by pressure and specific volume | 
Find: Deternuine tha temperature Using “Generalized Compressib: ife 
data. and Семрал Ww 47. 4*5 Value Calculated fran fre «deat gan veo dal , 
ANALTSTS P= 250 Bar) V2 0,003 mllks . With Te = (SQ € and %=50,5 Bar 
fran Table A =| 


SO 
fc a 24, as, Ve = V Pe _ ^ 0.003 wi [e )(So.SxcoY (e) _ - 0.314 


"e 
c (31у em Kuss €) 








pae Rg AL) Tes 2.0 . Tear T= RT = (154 K)(2.0) = 308 К mT 
Using th, ident gag equahmof str 


Te pv. CasoxnFM/ut{ 0.003 Vlt). „ү 


R (Bx Мм. ہم‎ 
32,00 vic 


Тиле value v о Yo Loss than ta лүш АА obfuined with compressibi kh data, 





PROBLEM 3.87% 


KNowN: Air ts at a state faxed by paessure , Udlume and told mass. 
Боо: Deternune tre devpere ture. Chick tes МОДА thy 4 ths ar узо holat 


ANALYSIS! me Skg, P> 6.3 MPa, V= Lm? From Table 8-1, M = 28.47, 
R= 3p fF bar, Tos 133 Ж. Then 


vo Af. BEL 0.08, ws VE. Canby regu Me. аз 44 
| с (ед —X LE 133 K) 


Referring to Rg A- PUE eas |. Thus, use of the i deat gas egua hon of state 
is јо f ed , 


т> NE (3 x o5 м/а 2t /Ss) 
($3l4[28.4? MIK) 








= 460 K-————— Т 


PRORLEM 3.88 т 


kNow м: А tank of known mass contains air at a speatied temperature 
Gnd p^essete. 


Fre D: De ternune ths Veluw € o d. the arr, Ver. fq that the ident gas nada applies, 
RAKES wA = (O tb رT‎ =0 F = =S30° R ,P=%0 b, fint Uo: the Te, р. fran Table A-E 
Тс = 229°, Po = 337. ⁊ aha 

Te E 4 SIOR 22 (39/147) = 0,05 

NS е узор T Pee о? ^ 233 — 
Refoyring Ais. ÀA- F 2 ~ |. Thus, lu $4 ^j Te А Naat مهو‎ #1 оа hn SHG 
ts узе: pve м ЁТ ) о 

a _ Qo ib) (LES. CL. set )( $30 ^R) 


3 
| p (30 (44 Ibe TE) =6S4 4 
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PROBLEM 3.83 
For an ideal gas : f = p/ (т = PA/ET 
For helium and aur, each at the same pressure anc temperature 
Sue = Pye RT | 
fa 3 РМа RT 
Thus 


Sue = М не 


fap Par 28.77 = 0:138 





PROBLEM 3.90% 
D Using the ideal gas model to detevmine 














n= 1 љо 
Ние. volume P = 100 bfl inè 
ү = NRT T = SSOR 
P 
fy F | 
Е (1 lbynol) (1545 — )( 550 ?e) l im 
( 100 Р/т) 144 in? 
z S4.01 fy 3 _—_ ——=* 





l. Theapplicability of the ideal gos model can be verified by 
refevving to the compressibility chart. 
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PROBLEM 3,4] 


Pressure-specific volume of air as an ideal gas (SI Units) 


p (bar) 





v (m?) 





PROBLEM 342 


Pressure-specific volume of air as an ideal gas (English Units) 


200 
180 
160 


140 


—9— T=500°R 
120 —A— T=1000°R 

—3— T=2000°R 

—x— T=4000°R 
100 


p (Ibf/in.2) 


80 


60 


40 


20 





PROBLEM 3.93 


Known: Methane undergoes a prowss behveen tun States each fixed by 
Kagum Valuer of 2ле ssure and temperature. 

EMD: Deternuue Ah hy integrating Ср (Т) fran Table А-1 and 

Check +m result ucing TT. 


ANALY SIS: Ti = 320K, P= 2. ber: T2 = Book, Р, = 10 bar. Frou Тае A-l, 
Tes QIK Rs 46.4 bar, Thus 


| Z 320 = = Seo т 

TR = а 1.68 TRU i41 4.13 

Re =. = 0.04 Rez 10 ~ 0.22 
46.4 | 46.4 


Referring +o Fig.4-1 at Pe, уту, and Peno Tita, the ideal gas model is applicable. 
Thus, Dh = ې “ل‎ dT, where CCT) is obtained from Table A- 21. That és 


eoCT)7 @(«+зт+ут°®+ $T? €T) 
Ts | Ts 
D ha,)- hc) Г cT) dT = RJ, Ta +67 Yr FAT^eT')ar 
aR lara) + & c7 + Ec) i0, n) + $ 00705] 
duse ring Va (ues kT 
8, mol. - 
h бъь)- het, ) = 314 Temal ) [3.826( 800-320) + (2278 X10) воо? 320°) 








(16-04 و‎ e 
kmol 
26 > -9 
+ MIL )( 8o0 320°) + E ) (800% 320!) 
~tZ 
" کے‎ ) (8007-3205) | 
5 
= 14.3 3/4 
IT Code | | Alternative solution : 
| ср = ср T("CH4", T) 
Т1 = 320 ЛК. dh = Integral(cp,T) 
Т2 = 800 IK Using Explore button, sweep Т from 320 К 
h1 = h_T("CH4", T1) // kJ/kg to 800 K in steps of 1. 
h2 = h_T("CH4", T2) // kJ/kg 
delh = h2 - h1 
mE The ana tical and rr resus compare 
IT Result very ferat = 
Ah = 1489 kJ/kg 
PROBLEM 3.94 


From Table А- 2.1: IR = 2.52 5/2 
Vow e, = ©, -R = C -= ce. 2 
c = Cp =" | 


=> = < 2 SIZ s 
k SG 3/2 5/3 st 
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PROBLEM 395 


KNOWN: А paddle wheel transfers energy to ammonia contained in a Closed, 
rigid, well-insulated tank. 


END: Determine the final temperature of the ammonia . 
SCHEMATIC d GIVEN DATA: 
m = 0.12 |b 


V = 2 f+? 
Р, = 20 lbfliu 


W2-20 Bh. 








2. Ammonia | | Vj 
ZI 
(1) The ammonia 15 a closed system (2) The ammonia behaves 


ASSUMPTIONS: 
(D as an ideal gas. (3) There is no heat transfer.) Kinetic and potential energy 
effects are negligible. 


ANALYSIS: To dentémine - fiual — begin with the energy balance 
Evaluating AU 
| T. 
AU = m дм, " "[. Gr) AT 


А 2 2 : Е NE 
From Table A-21& : ces R(3.5914-0, 21416 T 2.516 хеб“? 131x10 T Зь 2600 MOT? 
with C= Cp-R 


Ta. 
AU = MR J (2.541 t О, 274 X(69 T + 2.5 76x 10% T I~ 1.431706 +” + 0. 260) кг Te 
i 

















е 1545 f+-ibe\| 1 gh РР 

" Jv at — 2.541 (T 54 0 9 E. ITET?) 
4.576 XO (TAT 3) „ L437x06 1‹(тЛ-тЗу + 9: .2601X(G 7 5 

mcr msi. l, p= т Е © (Ta - т,” ) 
The initial temperature is CED 
RV (20 +12 )( 2 $7) КГ 
AR ndm _ : 
© MR (12 Ib) TI p ные | ү | 7 2214 К 


17.04 tb oR 
Com bining the starred relatums amd inserting values, 7 „ becomes the 


only uuknown. Using AN equo Him Solver dira eo ІТ 
T4 = 420.1 R Ta. 


е — — — — — — —— 
— state | !, Рег = ZO cius 14.3) = О. 00122. Те, = = 629.4 )/4 30) = 0.72. From 
Fa. Å- 153 zZ si. Thus, assumption 2 IS reasonable for stete /. By Sinai lar 
CONS Его ома, it cambe concluded that Но ideal gas model KS 
reasonable for stue 2 as well. 
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PROBLEM 3, 4b 


KNOWN; Air and carbon dioxide are Confined to opposite sides of a 
rigid, wall- insulated covita Nu er, The gar А+ ком, NOY CS aud allouss сосуд с. - 
tion om One aas to the оем until equal tl rum ts achieved, 


Eb: Determine the final temperature and pressure, 


CHEMATIC # GIVEN DATA: ^ 


ASSUMPTIONS: (1) The contents of the 
container form a Closed system, 

(2) The оле aud CO, behaves as 

ideal Qases With constant specific 
heats. (3) The System iS isolated | 

So G20 aud W=O. (Ч) There is no 
energy stored in the partition , 

(5) Kinetic aud potential energy eflects 
охе negligible. 

ANALYSIS: To determine the final tewperat uve , begin with He 
energy balance , 


Axé + pees AU ر م‎ 


Or, with NO 3 Mair blaw + Meo, GU to. And Using "T 3.50 





Partition insulation 


© Mair Crave М ج‎ Ti cape) * Meo, бл, con C Ta 7 Тер.) = © — 
Solving for Ta 
T = Mair Соар Vai t Meo Cv, co, Т, сол, 
ec E E 
2. 
Mair Coir + со С, co, 


The specific heats are evaluated using data from Table A-zoat a 
mean temporat ure of Чоок Й Cw air = 0.126 eX /kq-K and 


Ce cog, * 06.150 kJ/kg K. Thus, the final Tevw.pexa ture. tS 
_ CI kg) (0,126 VX/Wg-k)(s5o к) + (3)(,150)(4 50) 


(1 ke) (0.126 К/А: К} + (3)(.750) 
= 42 5,06 K Та. 


Ту. 





Next, to find the hnal pressure, the total volume is needed. 
The initial volume 68 Ha aw is 


Mair Rair Ty aie 








Кы | n alr 
Vy 
(1 kg) (G25 E.) (350k) | \bar LO Nem А 
||| 5 0.201 m 
C5 bar ) LOF um үзү 
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PROBLEM 3.46 


Similar lu for the carbon dioxide 








8.319 
V = Meo, Rcon Ti, con _ (3) | L}4.0/ | (450) to” 
tte” — - hee 
Pi com C2) 10 


: 1.275 m? 
4 
kus Мы. 3 0-201 m3 + 1.275 м? = 1416 м? 
Now, atthe final state 


Р. = Nt R Ta - Nav + И) 2 Tz 
4 A N CENE 


Vito+ Mio 
Wilh v= MM 
" (Mair/Maw + Meoz / Meoz) R Ta 











F5. 
Vcl 
Akg — 3 КУ _ | — 
(gam ka [kmol * Чч.о\ Jesu ла) (425-6k) om || she 
(1.4316 м?) Her pw. 
22.4602. bar e 





l. The assumption ef constaut specific heats facilitates the deter minatiy 
of Ta. The RES 0 V p OW is reasonable for me relatwely Sma И Temperature 
range in MALS prob lem, 
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PROBLEM 3.97 


KNOWN: Heat transfer occurs To air in a rigid tank. The initial state 
is specified. | 


EIND: Determine the final temperature and pressure using (в) a constaut 
Specific value, (Ь) a specific heat function le) the aw Tables, 


JD : | 
2 s і V:2 3 
‚ (1) The air is a closed system. | * € — 


ASSUMPTIONS +. 

(a) The air behaves as an ideal gas. (8) Теке — 
iS no work. (4) Kinetic and potential energy Т; =500°R 
effects are negligible. 





| Е О = 6%, 
ANALYSIS: To determine the final Temperature ر‎ begin with the energy 
амс е. 


AKÉ + fê + AU = Q- 


or miur- h) = QA => UU = A/m (*) 


Evaluating the mass 
__РҮ Go ibf/i (2 £43) — 
т [Ee fF ibe — 


———. | (5 Oo% 
2841 — R) 





0.216 lb 


(a) For a censtawt specific heat c, 
Uru, T Cy CT? Т, у 
Thus, with C) 


. & 
Т, = me" 1 


From Table A-20& аё T=100°F (600°R), е; = О.(72. Blu/ Ib 9. Thus 
т (b вм 
(.216 1b) (.172 Blu/tb-°e) 
= 66/.5°R | Са} Tz 
Accor din fus Hauis tempera tire in Arvak +h ма Алла fused fov Cy a appropriate, 
The purssure [А vo — 
i 
m KT, (.216) 284) (661.5) 
2. = = = ۰ 2 (a\ 
م‎ ۷ (2) C144 у 26.46 Беу ue Р. 


+ Soo"g 





a>) From Table A-21E 
C, *R(s*6T4 тъ 4T? ET) 
with 6 6 TR 


Cy = R (X-1+BTHYT ут? eT") 
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PROGLEM 3.47 CCont'd) 


Thus Ta. 
14-05, = [ сат 


-gKat-1)€7.7 7) t É cnn?) + ¥ (т,- т?) + £ Ana £a 7] 


Inserting values 
1 A . (1186 m] [2 — —— 500? 
z^ 2841 Ib /]ъ mol 653 (T,- 500) 4772 2 ) 


26 „Фа IE 
— Jii 500%) — — вос”) — с.о] 
| (¥ ж) 
Combining the starred relatus and inserting values, T, becomesthe only 
unknown. Solving iteratively 


Т, = 661. 8 M e СЫ Tz 


and Р. *26.47 bfl in Ее: 
(с\ From Table ^-22E, u, = 85.20 Btu/lb.From (ж) 


U, = Wm FU, 


.[ е Вк. = 
[299]. 85.20 «11248 вм 


Interpolating in Table А-22Е 
T, = 661.8 R (c) Tz 
amd. Р, =260.47 bfln (PE 


(D IT solution ( based on part b) 


Т1 = 500 //°R 

p1 = 20 // Ibf/in.? 

V-2 f 

Q=6 // Btu 

delu = Q/m 

m zV/ v1 

v1 = у ТР("Аіг",Т1,р1) 

delu = R * ((alpha-1)*(T2-T1)+(beta/2)*(T2^2- T1^2) 
*(gamma/3)*(T2^3-T1^3)*(delta/4)*(T2^4- T1^4) 
*(epsilon/5)*(T2^5-T1^5)) 

R = 1.986/28.97 // Btu/Ib-^R 

alpha = 3.653 

beta = -0.742E-3 

gamma = 1.017E-6 

delta = -0.328E-9 





epsilon = 0.02632E-12 [Т Results 
v2 = v1 | Т = 661.8°R 
v2 = у ТР("Аіг",Т2,р2) p2 = 26.47 bar 
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PROBLEM 3.98 


KNOWN: A gas mixture expands with a known pressure-volume relation. 
The initial state is fixed aud the heat transfer for the process s known. 

FIND: Detevmine сау the final temperature ,(b) the final pressure с) the 
Final volume, and Cd) the work. 

SCHEMATIC $ GIVEN DATA: 

Q= 3,84 kT М >33 kg /kmol 

Р = 3bar 

>” T,= 300K 

pV "Zeon. М, = 0.1m? 


For the mixture: Cy 70.6 + (2.8X(07) T 
CT A E, Gy th К/К: ) 


ASSUMPTIONS: C!) The gas wave is the closed System .(2.) The ges mixture 
behaves as an ideal 9а5.(3) The process is polytropic with и =1,3. (4) Kinetic 
and potential energy effects are neglected . | 


NALYSIS: @) Te find the final temperature, stort with the energy, balance 






and express the întevnal energy change and work un terms of Femperalure 
change tas follows. First J е 
ALE АРЕ +AU = Q-W 
From Eg. 3,57 jor the polyfrepic process 
Ve 
W = M AV = MR CT2-T) CX) | 
JP D RA " 


Also, from The. 4 (Ven e relat wu 
Tz 25x10! 2 4 
AU = mj бус) dT = m J.C 27) «C 2 TT ) C) 





Trcorporating ӨЮ and C Жж) info the energy balance 





ASKI0O7F 27 
m ſo. + crina] = Q- E: сих) 


The mass is found using the ideal gas e uation at state | 


АМ. „ G bar)(0.1m?) 10 uw*]] Uber - = 0,341 kg 


RT, B.31Y\ КУ | bar il 1o7N-m 
(+ Ji x (20019 











Using IT with m 20,397 k5, T, =300K, Q =3.84 ET, aud R= 8.314 /33 kT/ka.k. 
to solve for 1, : 


delU = Q-W 

W = (m *R*(T2- Т1)) / (1 - 1.3) 

delU = m * (0.6 * (T2 - T1) + ((2.5E-4)/ 2) * (T2^2 - T1^2)) 

IT Result 

ICI: ا‎ A 


PROOLEM 3.98 (Contd.) 


(b) To find Р, use Eg. 3.56 for the poly tropic process 
n4, 
/z (& ) 


Т; * 243.7 K i$ 
> AHS р! (етк) (eon 


21.219 bara Р, 





(су Адахи using Ee. 3.50 
p, (21). 
IZW E 

(FJ) #(ж 


n-i 1.3 
Fw 2 bar 
= V. = = ) E ы с T 3 
> 5 Рг. 4 fer —) (1^) 
= 0.1999 m3, Žž 


V2 
(A) Now, using CK) +o evaluate the work 





W = mR СТ» -T, ) 
2 -N ) 


урт 





W 


18.77 kT 4 


4 
PROBLEM 3.9% 


known: Helium gas undergoes a process for whith ри“ 2 constant 
Roma ©, Given ги ћо-А State t a Speafied fnat риге. 

Сор Determane Ha work and heat trans фу each per vat 4, wass. 
SCHEMATIC KGLVEN DATA: 





P u*2const — 


Р.2 A boar, T= 200 K 





P= (U bar 
ASSUMPTIONS: |. The helumn a closed system. 2. The pros o d eç be < 
b ys = Constaut. 2- Tne helium loe ha ves ar an Чо. jas. 4 Kneh'c 
and potenti ak energy Changes are ignored. 
AWALTSIS: from Table А-21, paS R., Using 89.3.99, Сус tp-Rz ISR. 
Thus k= Cole, > 2y/kS = b667. 
W: X^. assum ph mma Land 3, 
2. 
м) Р-Р RT-T) 29.3.5 
we È pav dct. oU =r us oo: = — (E4.3 ?) 
To find Th use Є ә. 3.56 with nek 
| P, үСк«-!)/к. (4 oC. ы? 
n=T( ê) = 200 k( T) — 
Tsering values, 
WwW R (Ta ~7) 
v^ Uk) _ 
(8.214. \ Fo C §7S~200\k 
. Kq.003 / 191 EN - / 
(d EET] =~ M EIL 
Next, the heat transfer is 
Apê + drE+ DU = Q-W 
Q = M(K2-K,) + W 
W 
For a monatomic gas, cy is umstant. Thus 
a : CC = T) + ROS 
With Cy = R/Ck-) C Eg. 3.47 b) 
Q4 (Е R » 
WM xa) 5877) (у=) CT,-T) =O, Gm 
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PROGLEM 3.100 


KNOWN: The contents of two uninsulated tanks qre allowed to mix, and 
equil ibrium is attained at the temperature of the surroundsi Ugs. 


EIND: Determine the amount of energy transfer by heat and the 


final enin 


SCHEM DATA: 
Mia = 1 Ib Уи уд = 21b 
Tja = 14HO°R Tig = 700°R 


Pa = So IbFhin* Fig? 5o !|юЁ/ 


Т, = 520° 
ASSUMPTIONS:(1) The contends of the two tanks are a. Mod system.(2) There 


is no Work. (3) The air behaves as ди ideal gas. (4) Kinetic amd potential 
energy effects can be neglected. 


ANALYSIS: To find the heat transfer, begin with the energy balance. 


Aye + AE + AU = Q-W 


Since. the final state is an equilib rium sote 





" AD = MytMg) Ua — (m4 Uu, + Ms Ue) 
€ me Q = (Mı +18 ) 14, – m,a Uia + Mig Ug ) 
Using data from Table A- 22Е. 
Q= (з lb)( 88.62 вии) - [011(254.660) + (2)(1S4.51] 
= ~297.9 Blu. Q. 
10 find the. final pressure , гии determine the volume of each tank 
Mia Ra _ (I 1b) (1542 и Te те ) (\ччо°е)у 
Ra (sows/io) [144 iw®/1 +®| 
„у (SASL 
Vg = cm = 13.33 ++? 
Thus, at the Ahal state 
mRT2 | (Y AT, 3335) (520) 


RC (V, * Ve тч (16.66 + 13. sayha] 52407 i Р 





Va. = = /0.66 {43 
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PROBLEM 3.101 


| KNOWN: А Aas i$ Contnined in a closed rigid tank fitted with an 
| electric resistor. The constant crrrent aud Voltage and the 
constaurt heat transfer wte are known. 


FIND: Determine an average value ef Specific heat Ce. 


SCHEMATIC € GIVEN DATA: — 


M + 28 

+ AT 7 40.3 % *40.3K 
10a 

12. volts 






ASSUMPTIONS : C!) The Gas iS 0. closed 
sustem. (2) The aas behaves as an 
ideal aas. (3) Kinétic and potential 


energy effects ave negligible. AE 210 min =600 5 


Q--20W 
ANALYSIS: То determine the Specific heat , begin with the energy 
balance © о | 


E + две +AU = Q-W 
with AUT mc, AT = mCQ-R) AT 


_ Q-W 
Ф = m AT tR 


Next, evaluate the heat transfer aud work, vespectwely 














Q = J, @dt = Q At -(—20w)(6oo 5) — 
= - 12 КҮ 
ta Я 
W ae Wat = мА 
— dio sep (12 volts) | wine looo s) (ey s 
| volt IO W 








-72 ky | 
Thus 
- (5 12 kT}~(-12 kT) n ЕЕ kY 
Р (24) (40.3 К) 28 kg'K 
= LOH к/а Co 


ö— — a 
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PROBLEM 3.102. 
KNOWN 3 СО» gas ù Cove passed Goma рес геч било Stn w P process 
fr wwch pu" * constant. Tha Work per vut 4 mass iò al ICrouwn. 
FINDS De Кирели е at the fad Slot, and dU hat 
“trans fa per pnt ] mass - 





7,5 530°R W/m? 7-48 Be /Ib p 
F215 Ibtlin® | 
V, 21 FEY 






pPul*=zconstant | 


ASSUMPTIONS: () The gas 15 aclosed system.(2) The carbon dioxide 
behaves as аи ideal gas.(3) The process is pul? constaut. (4) Kinetic 
and potential energy effects are negligible. | 


PR The heat transfer Is determined using an energy balance. 
First, the fin ol temperature 14 found using W= (реу мА {ha form of Ёз. 357: 


W | RCT-T) 








| n i = VW 
Solving for Ta 
| l-n\w 
= (1- 1.2 \У 118 £L. b+ | А 
1545 E (-45 Bl) "PEE. + 530°R 
(44.01 1.2 
T2. 
- 12.4.5 °R РРС ————————— EORR ш 
Now, the energy balance is | 


о 


АКЕ АРЕ + AU = Q-W 


ES = (U,-U, ) zi m 


YA 


Or 


From Table A-23E , T =29/6,! Bh/ lbmel and U, = 4394.0 Btu/lo mel. 


Dunserting values 
Q | 4394.0 2110.1 
m U4 01 


-11.42 Bh/ |b Qim 


+ (-4 5) 


J1 


+ 
PROBLEM 3.103 
Комм: A gas is confined te one side 
Contujuer divided 29 aA. park fren . “The otha cide ы inida Шу 
evacvatad. The pae hine o ^2wsged and the gai expands h fill 
thea enhre condniner. 


FIMO: Oel c ttre had Pressure. 
SCHEMATIC SGIvVEA DATA: "m 
EMINET IA MES NN MM CC E RM por о 


a ngid, insulated 









inselation 


= ab ae A = 






ingtrall 
© Vatu vated 





V2=0.5™ 
ASSUMPTIONS L The closed ty S Em un shown by a dashed [ле onthe aboye. 
ске Кс. 2: Tho ga; bebes as au cde مہ‎ даў 3. for the реосох?, 
Q2W'-0 ) and кмећс aad fto tea had energy changes are negl. ote. 


AWALYSIS: Appluang the ‘Uset gas equat m of sho 
CBE v^ R T, Pe Ve _ Te = р =р Elle] 
Pa WV = me > RV di Ы Ti М. 
The fu ok tewpera ture và 425 v ved. Apple an eners y (о 2. [акса 
Дк + AEE + A U = 4) yf = AU= О | 


Since DA Wa 9 LS y of an i Фолл gas de pends Сул b wo eralar €. 


соле, Tr = Dl. Thus | 
e= (Sbas)(1][ oF |= 2 bar سه‎ — 
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PROBLEM 3.104 


KNOWN: Air flows through a valve from a rigid tank into c. 
Vertical Piston - cylinder assembly. 


EIND: Determine the total amount of energy transfer by work 
An Ca . 


SCHEMATIC 4 GIVEN DATA: 


Р. = 200 ke Ёо 
| т. = 290K 
М. = 0.05 W 





tank and aglinderis a closed system. 

(-) Tne air benaves as an ideal aas. G) The Pressure in the cylinder 
remains constant. (H) Kinetic and potential ever EIU are 
negligible C5) The temperatuve of the ai^ is constant. 


ANALYSIS Taking the air in both the tank and the 
as the system , the energy balance is 


cylinder 
о о о 
AKE FE + NO = Q-W 
& where the change in internal energy is zero because the temp - 
erature is constant. Thus 














Q Q=W 
= W 
Using W = f RAV , with constant pressure p. 
Q = Te (М.-М, ) 
(D Now, with the ideal gas mode | | 
р. Мс  (GookPa)(0.05m>) | i Nim] 4kT | 
Wig rid Eum WMV м = 0.12 kq 
lc — arr) 1 kPa (ко Nem 
S ol 
V, = Vie t Vy VY + Me RT. = 0.05 ЗВТ) c NN 
ix nc | (500) 
YY E. Ta ! 6.34 
Va Du = (5 + O12) Gs) (240) : — — ) (240) = 1.248 m? 
2. | 2.00 
Finally з [105 Мом | | iex 
Q = (2оо kPa) (1.299 - 0.544) ™ | "une "pa 144.8 kT о 














‘tL The applicability of +e ideal 305 model can be. verified 
E by referring to the compress lity chart. 
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PROBLEM 5.105 * 


KNOWN: Nitrogen gas undergoes û polutropic expansion In a piston-cyhinder 
assembly. 
Find: Determine the heat transfer using (a) constant specific heat 
evaluated at Зоок, (b) constant specific heat evaluated at Took , amd 
(е) nitrogen tables. | | 







SCHEMATIC $ GWEN DATA: i 5 bar 
< 
T=700K ox pv" 2 const: 
P =5 bar. — 
Р, > 2 bay 





| P ae 
ASSUMPTIONS : (1) The nitrogen is a.clesed system. (2) The nitrogen behaves 
as an ideal qas. (3) The process is polytropic, With n 21.3.06) Kinetic amd potenta| 
energy effects are negligible. | 


ANALYSIS: First, the work is evaluated for the polytrepic process . With 
assumption (2), Egs. 3.56 and 3.57 apply 
(Pe UR) С.з) 
h (+ | Ыы (5) (Took) = 566.65 
amd 9.314 ЕТ 
— RM . ( ka) (бет EK )( 566.6 - too) 
m CV 71.3) 
To determine the heat transfer, use ом energy balance 
© 
AKE+ АРЁ+ Хо = Q-W 


d Mm (Uu, =Q-W 


= 132 kJ 


Q = Yn(uxs-Wu.) FW 
(&) From Table A-20 at 300K, ey 20,1743 K3/ кд: К. Thus 
Q = me Cr,-T, ) +W 
(1 keg) (03143 k3/ (eg. УС 566.6 -100)K + ( 132 kT) 
32.88 l3. CR 
(b) From Table A-20 at TOOK, с = 6.80! LT kg.K. Thus 
Q = (1)(6.801 ) (Se6.6 — 100) + (132) = 25.15 Та Q (b) 
(с) Using values foy v. from Table А-2. З 
а (EE) ee 
(11850 -14,164) kT/lemo| 
© = (| "re Шы ыу  * 132. kT 
227.25 ЕЎ Q сс) 


 —— — A——— —— aa |‏ — ساس 
Tha approach of рае (с) expnlratly acct for thy Varratron ,‏ .| 
of рес heat Су wita temperature . |‏ 
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PROBLEM 3.106 


KNOWN): Air undergoes an adiabatic compression followed by constant 
volume cooling. 


EIND: Determine the work for the first process amd the heat transfer for 
the second one, using (a) air table data (b) constant specific heats. 

SCHEMATIC Ê GIVEN DATA: 
Process l-2: adiabatic 

P = | bor, T, = Зоок | 

Р, = 15 bar ,Vzs.4227 "Ы, 
Process 2-3: Constant volume 

T3 = 300K 





Ww 
ASSUMPTIONS! (1) The air is а closed system.(2) There 15 no heat tromsfer for the 
fist process amd no work for He second ene.( 3) The air behaves as an 
ideal gas.) Kinetic amd Potential enemy effects are negligible. 


ANAYSIS: First, using the ideal gas equation of slate lo determine Ta. 

















To: fa Uz  (I5bar)(.1221 m/s) TM ا‎ 
7 R 7? 8.314 kS b il 
2833 TR d | bar illo Nem 
= Фі. ЗК 


@ Using the enevgy balance foreach process 
© o 
Process 1-2: Ake + РЕ + Yn (и-и, ) = X. -W 
WwW 


ee x The 
Yn Mar! 


From Table A-22 , U, 204.071 Y / kg amd, interpolating, 4, 466.5 Els . Thus 
| Wis = 214.07-Yb6O.5 = ~ 252,4 kT ko Муд 
Process 2-3: Ay APE + mtu S-u) 2237 ys 
ABZ a Myrta 
Since T3=T , M42 U, amd Qoa Im Wiz |m = — 252.4 eT leo Q23 
(b) Assuming a emstamt value for ce 


W, 
> 2 Cy СТ, - Т. У 
From Table A-20 , at 300K, Су = 0.118 ЕТЇ- . Thus 
wu 2(0:1:8 Vr/ ka: )(360 -691.3) k 
2-245 Кї gg — — Wisin 
Ome 2. W еы 
ua. — = - 245 kit | ks ze ^ 
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PROBLEM 3.107% 
Known: A System con sishing of = of со Undergoes o. power cycle 
consishng of three processes. 
FIND: Skech the cycle ma р-у dL aq raa.) and plot the vet 
effroenty Ver сиз A/F, ranging Ly os 1.05 to 4- 
SCHEMATIC & Сото DATA: 





Р 
constant 
R= | аг 
T= 300K 
v- 
ASSUMPTIONS: 1. The CO, ù a esed system. 2, The CO, behania oo 


ident Aas. 3. Process (2-3 12 described b pu 7E constant. V. Kinetic‏ سه 
and potenhar energy effect are negli gs ble. |‏ 

ANALYSIS: Begin by developing tha Key eX pressions deseribing ths cy che. The hermot 
efhuen cy 3 given 9 үүгө Wret/@ ia where Wnet: Mire W234 WI. 


Smee Volume v. Constand Мат О. For process 2-3 and process 3~| 


Waa = «(^ pd = о еза Re) „ mR (T>) ct) 
2, | l-n = и 
i 
Was mfy pire w(Rn-f)s mR(T-Ts) е) 
Appin an energy balance: б 
Process 1-2: м(чъ-ч,) = ©. Wil = Qn: м^ (U2—U, ) (3) 
а - (4.2 
deo: wig) а 2 C» Qozi nl) + 23 (4) 
vw ( «(¬ 43) > R31 بسا‎ =) 0< Lu) + ©з, (5) 


Process 3-1: 


Additionally the ideat % 255 ес va tion of Stat. gives 


PV = MRT, T. > Rh: AT (6) 
TON = W^ RT. n Ti (E) 
and with Eq. 3.56. To pro cess 2-3 (f&28) 
(^-U/n a (usn 
BR) з, ът CR) Cr) 
2. 2 | 


SAMPLE CALC пою: %/0= 4 | 
SAMPLE CALCULATION f/f = 4 4 (309) = 200€ ر‎ and Eq. (7) уә 


TE m/z 4) Eq 6) {9 nc 


38/128 | 
R- (ook) E) = к 


Eq.) then Фу cz keg) (8.314 ЕТ (886-2o0)k .4283€J 


мисок 


1.2: 8 
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PROBLEM 2,101 CContd.) 


Eq .(2) gives 
Ws, = (akg m (300-886) К = -221.4 КТ 








44.0 | kg < 
wita daka from Table A-23, E¢.(3) ges 
./_ 2 kg Cei _ | 
iz (оз 42s! (9434) — = 1678.3kT 
Ee. Cu) gives 
- 2. T 
Q.,7 (22.0 24,298 - 43,87!) + 423.1 = -238.6 kJ 
Eg. C5) gives 
Qa, = (ag) (6233-21,218) - 221.4 = -12375 kT 


Since Qz, amel Qs, ave both negatwe, we conclude phat Qs Qiz- Thus, 
for the COL Pa/P, = 4 


И = Ме аа сабаа, asusta И. 


1678.3 Cp 2) 


Turning Now Jo IT: 


Т1 = 300 //K | F 
01 =1 Баг IT Results (r =4) 
m =2 /l kg _ Qi = 1678 kJ 

M = 44.01 // kg/kmol T2 = 1200 K 

К = 8.314/М Тз = 886.1 К 

a = 423.6 k 

W23 = m*R*(T3 - Т2) / (1-1.28) : por 4 E | 
W31 = m*R*(T1 - T3) п 0.1205 


m*(u2 - u1) = Q12 
Woycle = W23 + W31 
eta = Woycle / Q12 


p2/p1 = T2/T1 она 

* r * p1 0.12 

p3 = p1 | o 0.1 
ТЗ / Т2 = (p3/ p2)^((1.28-1) / 1.28) 5 

u1 = и T("CO2", Т1) E. Н 

u2 = и Т("СО2", Т2) S 006 
u3 = и T("CO2", T3) z 

ic 0.04 

/* Using the Explore button, sweep г from 0.02 

1.05 to 4 in steps of 0.01. */ б 

1 1.9 2 2.5 3 3.5 4 


p2/p1 
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PROBLEM 3.108 
KNOWN: Air undergoes a Power ay cle consisting of -+three processes. 
-v diagram and determine (a) the pressure 


FIND: Sketeh the cycle ma р 
at state 2, (b) the Fewpera re aX state 3, ом4 Cc) the thermal efficiency. 


CHE MAT VE * The following data ave given for each process: 
Process 1-2: tonstaut volume from p.726 еа“, — 
Т = 5бо°@, to T= 8200 2 l lb 
Pcocess 2-3. Adiabotic expansim to А = 4 V2 \ 
` 












Trocess 3-11 Constaut- pressure Comp resst Dn.. 
SSUMPTIONS: (1) The air is the closed system (2) the aw =- di 
ВЕС as au ideal gas .(3) Kimetic a wd p ofeutial enevyy effects are neglected. 
Р =7 
у" 


а F200 


ANALYSIS. (0) For process 1-2, the volume г 
constout. Thus, using the ideal gas equation of Эде € 
adiabatic 





= үл ЁТ, 

ry = ny Bon — 

„у= Т P T 2 np 

= $20 (20 lbf) «^ Process 
500 Е м. 

= lof 1222 
32.8 in М 
АХ 


(b) Again using the ideal equation et state 5 
Р, =F 
^7; wkts/fe ~ ч 
3 =|, =3 ے‎ 13 Р» m 7,204) 12 d rn 
Ve MRTel P Ta T; > тлф) Pe. Tác m Pe Te 
Z~°O-\@20) =700°R Tz 


Thus T, 7 (1.4) Er 
(с) The thermal efficiency is Қ = Weycle/ Qiu. Analyze each process in Harv... 








Process 1-2. Const. volume Ф МЈ. 20 . 
Energy Solauce : AVE LAPE +AU SA .-М > a 7 Cus -Uu,) 
With data from Table A-22 
Qa = (ı Ib) 140.97 - 65.20) БМЛ = 55.27 6k. 


Process 2-3: Adiabatic: mlu,U.) = Rza- Was 
— (1 1С NI.58- 140.47) Bulb = 20.89 Bhar 
M p O ELT) 


۷ 
. 2.17 Мх { pav 
ا‎ “y 


fcocess 3-4, ? = constaut, Using 
154 >| ЭЛҮҮ: { 


(ш = ism] з о. 

Ws, =(1 DIE 1. (595-100) (C = -13.71 BA 
Enevgy Balance М Yi (4s. 5) = Q3,-Ws, > (33 = Yn CU, -Uz ) + Wz, 
Qs, * ((Ь)( 85.20- 114.58) BAL + C- (3.71 Bha) 5-48.09 Bha 





о 
Thus Weycle = ia tWast We, < 20.87 + (13.71) = 7.18 б} 
A 


Qiu e Q2. = 55.27 Bhi 
ag ————— ———————— 


Е Моја. = 1748/5524 = 0.1294 (12.34 Vo) 
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Fina lly 


t 


PROBLEM 3.109 


(A) For an adiabatic process with negligible 
effects of kinetic and potential energy 
© o © 


Ake + {е + AU = BW 
Simce {е Speci hi heats ave cewstaut 
W = 





m Co CT-Ta> 
ос, USING Eg. 301b, c. 





= R/(k-1), So 
W = хаб с T 
(у For a poly tropic process 
W > f, pav = [o const av = РМ CB 


|] ^9 
Introducing PV "RT aud letting n be the Specht heat ratio (< 
= mw К СЕТ) 
Ww \- к 


This result is identica] to the result of рако), Thus, for au 
ideo gas with constaut specific heads , the 
pV 


polutrep ic process 
constaut corresponds to an adiabatic process. Cb) 





PROBLEM 3.110 


JICNOWN : Aw Undergoes a polytropic process from a known initial state to a 
given final pressure. 


FIND: Plot the heat trausfer and work for 1.0 < и < 1.6. Investigate the 
error [и heat -fransfer introduced by assuming constaut Cy eval uated 


ot Ti. 


Scu { DAT · 






P= 143 five 
4— TOF | 
Pa = 100 ЫЛ! и. 
pu "= constant 


ASSUMPTIONS :(1) The air is a closed system. (2) The process 15 poly epic | 
(3) The air behaves as ом ideal ao (a) Neglect A prod aud potential energy effects. 


Beg UA bu fixing state 2. From ие m process velato. 
Рл ^ sz £o > V, = (^/p,) “з, 
Thus, wlth | = ЕТ\/Р, , and т„ = FU / е. n state 2. is determ ved for any 
arakue of n. These expressions are evaluated Using Т «s follows. 
p1 = 14.7 I bfin. 





T1270 °F 
p2 = 100 // Ibf/in.? 
m =1 //Ib 
n = 1.6 | 
IT Results (и =, о) 
p1 * v1^n = p2 * v2^n Т2 = 627 4 °Е 
v1 = у_ТР("Аіг',Т1,р1) v1 = 13.34 ft/lb 
v2 = v _ТР("Аіг',Т2,р2) v2 = 4.026 ft/lb 


The worle is evaluated using Eg. 2.19 aud Ре. 3.54 


V. v 
W=} ау = mf * _ m C,'U5-P, 1л) 
J ж, та — CED 





Or,as expressed Using IT | 
Wim =( (p2 * v2 - p1 * v1) / (1 - п)) * (144/778) II Btu/lb 


To fiùd Quse the energy balance: ДИЕ +АРЕ + XU = AW. Or 
m Au = Q-W 


Method 1 
To evaluate Au , use data from Table A-22. 


From IT.: 
m *delta и 12 Q 1-W 
u1 = и T(^Air', T1) 
u2 = и Т("Аг", T2) 
delta_u_1 = u2 - u1 


3-97 


PROBLEM 3.110 (Contd) 


Method 2 
An alternative method To evaluate Au is do use a constaut c» Value 
from Table A-20 determined at T, 21709F. Thef is 
Аи = 4; CT-T,) 
From IT: 
т * аеќа и 2 = 0 2-W 
cv = су Т("Аіг", T1) 
delta и 2 = су * (Т2 - T1) 


Now, solving gives 


W = -63.68 Btu 


.u1 = 90.38 Btu/lb 
.u2 = 188.3 Btu/Ib 
delta u 1 = 97.88 Btu 
Q 1234.19 Btu 


cv = 0.1711 Btu/lb-°R 
delta u 2 = 95.38 Btu 
О 2231.7 Btu 


0 Using Je Explore bution , Sweep n from 1.001 do l6 14 Steps of 6.61. The. 
С data. obtuned give the following graphs: 


Q (Btu) 


—e— Table A-22 data 
—a— Constant specific heat data 


Energy transfer (Btu) 





1 1.1 1.2 1.3 1.4 1.5 1.6 


n 
From the graph of Qand w Vs. и, con see several effects: 
° Q amd W become equal as ni, since tor n=1 The temperature. К 
constaut, wd hence 5020. 
. Q chanees sigu, gong from negutwe (heat out) to positive Cheat in) 
at ab n= 1.4. И is hegative (work in) fer all cases. 
- Wamcreases only slightly , whereas Q changes Stgnificautls. 
From the graph оф Q vs.n we see that the solutions become ideutical a» I 


Cconstaut “hempevatuye) and diverge slightly) as naib. For n=l.c, Me 
percentage deviation in Q is «bo 1.3%. У Fo › 


1. Bu using N=1,001, We avoid the ease of n=l for which Eg. 3,54 Cannot 
be ‘used. However, the slight deviation from n=l cannot be seen ov 
Ки e. plots. | | | 
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PROBLEM 3.11 


KNOWN: Steam undevgoes a poly tropic process from aknown mitial state toa 
given final pressure. ` 
FIND: Plot the heat-tronsfer per unit mass of steam for Los nsib. 


Investigate the error in heat transfer introduced by assuming the 
ideal gas model. | 


SCHEMATIC $ GIVEN DATA: 

P, = 5MPa= 50 bar 

7, = 2.80% 

Р, =20 МР =200 bur 
pu "= constant 





ASSUMPTLONS : (1) The steam is a closed System. 


©) The process is polytropic .(3) Kit etie aud potential 3^ 
energy effects are neglected. 
ANALYSIS: The following relations are used +o determine the heat 
tramsfer, Q/m : 
Process relaten : рл" = p,U," C0 
W (Рәл7-Р, Vi) (2) 


Work expression ( 265.2.17 aud 3.54) : m ПР 
Energy balance: АЮЄ+АРЁ+АС -Q-W 
> (U2-U,) = а.ш C3) 
When using Steam table data ( IT functuns er Table 4-4): 
- z = 50bar, Т = 280% > V,U, 
‚ with р. = 200 bar aud (2), V, can be defermined. 
fe,» Vr D ريلا‎ T2 
When Using the ideal дол model (1T "Н.о" funchins or Table 4-23): 
. р, = 50 bar, T,=280°% 3 VW = ал 
. 7,=200% = ИСТ) 
With p, = zoobar amd (2), U, canbe deer m ed. 
(fL > Т = 21+ 


Ne rur 


„ Te > ист) 


Wath either of these schemes, FF ts then possible Jo use C2) aud (3) 
solve for W/m amd ф/м. 


The corresponding IT code is given on Me next Page. 


PROBLEM 3.111 CContd.) 


p1=50 // bar 

Т1 = 280 //°C 

p2 = 200 //.bar 

m = 1 // kg 

n = 1.6 

p1 *v14n = p2 * v24n 
W/m = ((p2 * v2 - p1 * v1) / (1 -n)) * 100 
т *(u2-u1)=Q-W 


// Using steam table data: . /l Using the ideal gas model:. 
v1 = у PT('Water/Steam', p1, T1) v1 = у ТР("Н20",Т1,р1) 
u1-u PT('Water/Steam", p1, T1) ` U1 =u_T("H20", T1) 

v2 = v_PT('Water/Steam", p2, T2) v2 = v_TP("H20",T2,p2) 

u2 = u_PT("Water/Steam", p2, Т2) u2 = u_T("H20", T2) 


IT Results for n = 1.6 


quantity | steam table Ideal gas 
data model 
Q/m (kJ/kg) 251.9 320.8 
583.7 0521. 
197 
V4 | 









| 
_-1.319Е4 
3138 
0.04224 


© Using ‘the Explore button, sweep м from 1.001 to l.l in steps of 0.01. The 
data obtatued give the following plot : 





340 
Discussion : 
id * Alm Varies см cautly with n. 
440 - O/m changes sign , going from 
P" weqatwe Cheat out) fo positive 
2 40 Cheat iv). 
ž . The steam table and ideal 90-5 
s 9 Solutions exhibit the same 
Ane eneval treuds. However, he 
| values fec Alm differ sýnt- 
—*— steam table data ` . 
-260 | . A— ideal gas model ! cautly ll Some ranges N. 
-360 


1 1.1 12 1.3 1.4 15 16 


1. By using N=1,001, we avoid the case of п =1 for which C2) aboye cannot 
be used. However, the slight deviation from w21 cannot be seen on te plot. 
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CHAPTER FOUR 
CONTROL VOLUME 
ANALYSIS USING 
ENERGY 


PROBLEM 4. | 


KNOWNS The mass flow rates in and out of д control Volume are known, 
and the ncheR wass fS given. 


FIND (A Plot tre inlet and exit mass pow ratti) the rat 7 change of Nass 
Gnd the Anount {кем iw the contre | w lowe ر‎ each verior Hine (hE shma re 
pro Awe j b h, When the tank vo near] rp | 


SCHEMATIC & GWEN DA 7A; 






| 
О, -à | 
* olie ) | 
is 





| Vez (oo Kg/h 

==——————! i 

ASsumPTion $$(д) As shewn wth schema hc) a contol Volume having one. 
wet and one exit is under consideration, 


ANALYSIS Tha inlet and exit mar fw rates ave given 


Y^ = 100 о - e) kg/hk , v^ e (оо KS/h C1) 


Tua inidan Rocco hus PO. 4 — 4 mass (6 okto ned using 63. T.C, wass 
Carte balante 


. s -2t — 
dev ул. үйө = (оо (1- е \ (00 
ах -2% 


2 —loo0 е 


(2) 
The wats Contained ہیا‎ the Con tre \ Vo bo we оъ hw t » o lo tuned d 
wta Siro X ne Eq: (2) " | t 
f ete 44 = 56°“ |, 


ә 


е + 50 = 506°" (3) 
> melt) = 5o[ = | | 


Plotting €gs.(1) using IT gives the inlet aud exit mass Flow vates vs. time : 


m (kg/h) 





0 0.5 1 1.5 2 2.5 3 


t(h) 


From this plot We “ri Yat initially mass Hows out ata hig A rate , and Wo mass 
Hows th. Eventa uu, Pre incoming How rate equals. Md exit flow rake. 
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PROBLEM 441 (Contd. ) 


The following plot is obłuned for the instantaneous rate of change eC mass: 


0 
-40 
-30 
q 
B 50 
© 
B -70 
"Oo 
-90 


-110 


19%, 


0.5 1 1.5 2 2.5 
t (h) 

Initially the amouut of mass in the tanke is Aecreasing at a rapid vale. 

Eventually the rate of nome (decrease | of mass Slouasto zero. 

The follow tng plot is obtained fer the avnount of mass in Че tank as a 

function of time: 


e 


50 


40 


30 


20 


2 2.5 


ےہ 
сл‏ 


0.5 1 


e 


f 
Mev (kg) E 
S 2 


-—— С) 


t (h) 


From this plot, we see thot the tauk initially cons 50kg and empties. 
(b) From the plot, we see Wot the tank is nearly empty at t945 M. 
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PROBLEM 4.2 


KNOWN: Mass flows into aud out of б. contre! volume with known flow rates. 


Finno: Plot the time rote of change of mass and the net change in The amount 
of mass versus time. 
SCHEMATIC AND GIVEN DATA : سے‎ === 










control 


volume =.0о2х É 


ио = 1.5(1- € ) 
| ; 
ڪا‎ 4 t nS, Me ih les ls 


ANALYSIS: The rate of chamge of mass at Hime t bs 






d Y, . | Amey —-,062t 
ы с کے‎ — _ k 
du^ ММА a S m e ) “4/; (1) 
` 4.5 e7 99? 
Tutegratiug the wass rate balance oyver time 
| d Mey = ( (п: 8 Me ját (2) 
ý t | co2t | 5 22-902 t 
Or mM м = l.S — f = Saar NOE 
Ames DE |. m Jat — 
o 
= 750(1- E Peas 
15 


IT program 


mdot_i= 1.5 // kg/s 
mdot e = 1.5 * (1 - exp(-.002*t)) // kg/s € 
dmcvdt = mdot i- mdot e 

deita m = Integral(dmcvadt,t) 


Using the Explore button, sweep t from 
О to 3600 s in steps of 4. 


dme/dt (kg/s) 


0.5 


From the upper graph and £a. Cı), 0 

we see that initially the tu let 0 400 800 1200 1600 2000 2400 2800 3200 3600 
low yate کا‎ high ond Me exit t(s) 

flow rate ts zero. Thus, Ди, | At 

Starts high. As E increases , the 700 

exit {Low vate \neresses , and | 
Wey (At approaches zero as 
Lo»-60s. 500 


600 


The bohom graph shows Haat 9 400 
ae net chage im mass increases О ue 
Uwe + соёсмеѕ 150 ka. AF E 

Tho рої Кюле ig little Chae 200 
Мл wass (t> 24005), i 


O 400 800 1200 1600 2000 2400 2800 3200 3600 
t(s) 


ж 
PROBLEM 4.3 


KNouw.: Air leaks mto an initially evacuated tank at a constant mass Нох rat. 
EIND: Determine the pressure in the tank after 30 5. 
SCHEMATIC Ё GIVEN DATA: 


ум; =0.00 4 lo] s 
m(t20) =0 

y = S H? 

Т, = TOF = 530% 


ASSUMPTIONS’ Ct) The control volume 
has one inlet aud no exits.cz) The 
aw behaves as an ideal gas. 





ANALYSIS: The mass rate balance, Eg .4:6 , reduces fo 

йлы, = m: — dr, = m; dt 
Integrating M 30 30 | 
Јат, = J midt f (0.00942 
Yn (2230) =(0.004.)(30) = 0.12. Ib 
Now, usihg the ideal gas mode| 


S -lbf 
_ MRIz _ CO Ib) (225; ib. EE | (530°) 











| ft? 
p ү CS 43) (44 tn 


= ub we"; 





= 
PROÓLEM 4.4 


KAOWN: А tank containing Ammonia develo Psa leak. The ammonia 
escapes at a constant mass flow rate. 


FIND: — Determine the time at which half the mass has escaped and the 
Pressure in the tank at that time. 


SCHEMATIC $ GIVEN DATA: 


me = 0,04 kgls 
/= 0.5 m? 
T, 740 °c 
P =$ bar 
mı: d т, 
: C1) The control volume is shown on the accompanying 
d iagram. (2) The temperature T the tank rema as constant. (3) The volume 
K Constant. 


ANANSIS: Applying the mass rate balance 





TEY = -me = -0.04 kgls 


Integrating over time А 
cv 
dm, = - | medt = -0.04 t 
Mey Co) x 


5 ~ 
olvina for t a e 


* (0.04 Es/5) 
From Table А- (5, v; = 0.11120 m3/kg. Thus, the initial macs is 
Malo = ож 22422. ka 
4 





amd Mett) = i м, Соу LUIL ks 
Thus ( LH (| = LILLY kg t 
دم‎ 4 2383s, Ф 
-0.04 6/5) 
Now, to get р, , determine Uz, 
„М . Э 
n. — mM, Ct) = O3S4Y м/а 


Inter polating іи Table A- IS ok Te 40 9c. , U = 0.3844 m?/ka 


T Ro 4, UT bar PE E, 


ЯР 


PROBLEM 4.5 


KNOWN! Water evders at the lop of a tank through a supely pipe ata 
constuut mass flow vade. and exits te a pump through ^ pipe in Hue bottom 
of the tauk. The velouty of the water exiting to the pump varies with height 
of the water surface. Ам overflow pipe stands in the tauk. 


FIND: Plot (о) the height of +he water surface, (0) Ние vate mass exits ФО 
the pump ,(c) the rate macs exit through the overflow pipe, each versus time. 
Dehovmiue the time when fhe water reaches the top of the overflow pipe. 


SCHEMATIC & GIVEN DATA: Water supply 


<=}— 
ri, = 6.8 Ib/s 






18" 
ASSUMPTIONS: (1) The control volume Overflow pipe —— _ 
encloses the water in the tauk. The | 
os weol volume is at steady state 
when the watev level reaches the 
dopo of the overflow Pipe. (2) The 
nier ls momp ress Mole with: 

Q= '/J. o poep ^ 62.34 le/ +^ (3) 


Init wally ; Te Juuk عا‎ empty : 


То ритр 
ANALYSIS: (а) Before the water level reaches 2 22.9, the mass rate 


balamce LS d acu 


at 
Evaluating the aveas: | 


2 2 | 

А, = n à бола) = 5454x104" 

ig = T Dk .T Bliz 44)" 
— a 


= m> Ma D c Mone SE 2 mi- € AVE 





= 1.707 H 


/2 


| | f 
Thus (62.34 fre ьт H?) ae = 6.8 V (62,34 H suse? t?) 8.1b Z 


*"— 


> at = 0.06113 - 6.02514 z ^ (Zins tins) | (0 


Equation СЖ) is a non-linear A ferential equation . By assumption (3), the 


^ 


initial condition is 2 20 at t=O. The expression can be integrated using 


the futeg ration feature e€ iT, as follows: 


ІТ Program 


f = 0.06173 - 0.02519 * 240.5 
der(z,t) =f 


Using the Explore button, sweep t from 
O to 60 s in steps of 0.1. 


The follow ing graph cau be obtained trom the resulting data LSI Kg UT : 
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PROBLEM 4,5 ( Contd.) 


z (ft) 


1.5 


0.5 















ИШИНИН; ТШ 
HTT eT 

UE eT 
UE ИД HH 
LULL LEL 
AAE A 
ا‎ OULU 
— ALL 
| ишини ELE LEE UU EE URL EU 
UAH 
THEE PETI HEEL T ERE IIN 
i ALLL UE 
HTT 
tye fee H 
LULU 
TTT 
LLIN 
























0 
0 5 10 15 20 25 30 35 40 45 50 55 60 time. to 
t(s) 42552 $ over flow 
(Z=2 $+) 
(b) For Ё < 55. 2. رک‎ ma Varies with Z as follows: 
= (А V. = ФА, (8.16 22) 

= (62.34 Y( 5.454x1073) (8.16 2!) = 2.7744 z^ M 
а 


ож C= 55.2 5; тг f4 and ий, = 3,9230 Ibis 
vn, 7 3.82236 Ibis (x remas constuut at 2 f4) 
(су For і < 55.2. 5 Pu wn,=0 (flow hasn't veached +he overflow pipe inlet) 
For t? 55.25 ; Steady state. Thus 
© 


a ` ` ~ a ^ ys 
y LLL 
= 6.8 Ibls - 3.4236 lo/< 


For t> 55.25; 


"M > 


> 2.876 Ibis 


The follewi ns plot is constructed TY (Т: 


ЕЕЕ ЕЕ ЕЗИ 
ИШЕНИШ 
е ТО | 
е 
ПИН ЛЛ ТТЕ 
Т Eau 











И LIE 
И 
ЗАТИШИЕ 
ДОО 
aum HEU 
ЕЦ 
LE E E 








t (s) 


M3 


(> 552) 


—€e— m 


| 3 


PROGLEM H. bo 


А water storage tank contas a known Volkime of water, The volume 
flow rates ia and out of «he. tank are given. 


Finn: Determine how many days the tank will contain water. 
SCHEMATIC 2 GWEN DATA: 


(Av); = Sooo [exp (- t/20] 
(+ ги days) 





— | | (àv). 7/90oo gal/day 
ASSUMPTIONS : : CI) The Control volume | is @5 Shown on the above sketch.(2) The 
water is incowpress ible, 
ANALYSIS: The mass rede. balance reduces to 
Amey 
At 
With my 7 eV, ond m; = $ CAN), ам Me = e (AW). 


у 82 = KON -K (AV Je 


* Ty а AW), — (AVe) = Sooo [exp (- t/20)] - toco 
Iwte4 raring trom t= +o ъ= +, 
t 
V-V, = { fi Sooo [exp (- t/20)] -10000) At 
o © 


= Mi ¬ Me 


= 5 ооо + » 
| C- M20) expl /20) —R 





D 
(Т) = 196,000 esp ( - +£ /20) - |] - 10,000 t, (ж) 


With V, * (00,000 gal амд for V =0 
О > 200,000 ~ 100,005 exp (- Его) ~ (o, боо te 


Usi iT to solve we get: IT solution: 
О = 200000 - 100000 * exp(-tf/20) - 10000 * tf 
ИК = 15 SG ays ee te 


l. 100000 
To obtain XV vs. t using /T: 
der(V,t) = AV1 - AV2 80000 
AV1 = 5000 * (exp(-t / 20)) 
AV2 = 10000 
// Use the Explore button to sweep t from 
ПО to 15.36 days in steps of 0.05. 


60000 


40000 


V (gallons) 


20000 


0 


PeoBLEM 47 


K^Jow^29: A P'e*- arr nn; Gn incom ress: ble [igure Con tijl an expantı vn Chamber 
FIND: (h) De velop an empa $$ л for {ha rate of een] е ef огч level 

W Xa Chamber iw terms certan quan R hes, (0) Compou TC relahve 
magm mda S mass flour Asker f Spec fied values for dijdt, TU 

Ace. 4 с Кал 4 Хасо Долл. 

SCHTMATIC {бу M. DATA: 





ASSUMPTIONS: |. The Conteol volume tS Shown on tii, ассо Ve ^v ‘na [Ch wee. 
2. The ligued 1S мло Чада ay ia Compress: ble. 3. Flow A one-~dimens оик at 2, 


ANALYSIS. l4) The mass rate balauce for the control volume is 
Amey — 


дү “7 е 


: "P 
with m= € (Tr) L 
— DENN 
w= € (Re) va 
the mass чохе lalauce becomes 


mo dL 2. | хр 
с (APS = (BP) - (АР) 
or, solving for 404+ aud Spi fying 
аъ _ DIN - Dive 


e 2. ۴ p 
(b) The mare fow rate ey $$ 1 ous Ln 4 сә. wn, ^* р М, m. D; У : 


" . WA 
dk >o = s psp Уу ee 


. 


E лл. ے‎ Ил 
dL 5 => Div, = V2 Ve =) mwi 2 


dt | : 
ہے‎ Мл 
deco 2 — WV 0 29 "! е 
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PROBLEM 4% 
KNOWN: Velocity distibuhons are given for laminar and turhalent Lioun 
Of an (^ Ce ves t Si ble liguid m A Girenler р: ре: 


юр for each diste. оће, plot V/ Ve vs. r/R ‚ derive expressions 
for +he mass How rate, average fine veloce tr, and ресу. eivai 
energy, Determine tha percent error if {Fla Tpechtc (Cine hc — ж. 

a evaluated mM Terura —— xxi Dis coss. 


SCHE MAIC 2GIVENM DATA: 





аА = arr аг 
LAMINAR. TURBULENT 


ASSUMPTIONS: The liquid ùs Wedeled as incompressible, 


1 
AALT: Ca) 


N 
ә 05 9 
= 3 05 
0 0 
0 05 1 0 05 1 
MR | r/R 
Laminar Turbuleut 


(e) Using £4, 4.4 , the mass ftow cate for lanwnar flows 
Mm = | € V 4^ | 
= f gs -Et ar rdr- 
= .م‎ ۲ (5 ir- E | йс 


+ 
"бүз [+ еләк [fF] 


2. Y2o 
= R 
Von -5- 
Using 64.411 a, the ahaha? a velo c ty » 
m eVe Tc Ё/2. 


MET a „оош жыз e =, 
ave g (R RŽ) 


eA 
= Ne 
7, 
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PROBLEM 48 C Carte.) 


Using Eq. 4. ¶ ths mass Fow ASA for turbulent مک‎ о c 
Y^ = A PV ДА 


R L | 
= Јем -Б]'аксас 


R 
PN] rli-$J%dr 


To evaluate tu integral) let Us i-r/R and dr =- Rds Then 
үл = 


У ax f R(i-uw) i (-Rdu) = pve к[-к* f си? m 
/ 7 р^ TO J 
8/ { uzoq _ 
pv le (#4 za) | AD 


И 2:447. > 
peor (® | = pwr (FR 
Using Es. 4 11а, Hae avera yele c tà ЗА 
[А 44 pa 
Vave = "s = ever lS Je 44 No 
у p Cc R) TS 
(су “Ths сре (e linte enor 


T (pinte energy per vwt 
tiwu An baan AW ad 


Се $ mass) carried 
o ЈА FTA pf A _ (дА _ f4 nd 
— > * = — — 
v ل لولم‎ f$ vA Vave А 


formuar g Te "vs ho °) Eq. C*) ty H Pp-e f 


ct €: Жее € уд LP I Хел. 0. UE. 


оо Vave/2 ر‎ чоё Lau Ма. cone he anor Cottin + چە‎ (or kena 
e⸗ corre © han decet) 


Ф 
Ф 


4 3 73A fav MA 
Se MILI — — 
$ Vaya А hye A 
Бе lLanunar Flow: X - e wil 5 TEROR => SO 
© 


Км Tur buat Flow : м > 1: О 58 здру o/s (enm = SS” 


“The Fla Her turbulent veloci t profile adhsres nostt 
Close (4 t, th Заа nu 4 Оу — da vea дг. rat How, 


l. For фасе disco sti, ara R.W. Py and A. T. Кас Donald | Zn у docto 
fo Floid Масла ر‎ Str ed.) J- Wiley 4 Sons, New Tork, pp 334-356. 


4-11 


PROBLEM 4.9 


E^ow^: Data are Provided for a vegetable oil-filled Spray Can. 
END: Delana thee was: Line rate per spray j and ое mass 

(€ enata ns us -ho can of Hr e opeu' fied number of Sprays. 
SCHEMATIC CEIVED DATA: | 


— 
Г TAE e 560 SQr«yc, € o. cL. lacting 
6.2953 and having a илл 1 "hend 


о imhat mass of vege 424 
ol i Ths can vo Г?О Ў 








Чеге. bl C- 
о: | 





| 
| 
| 
| 
| 






Е — — 


ASSVMOETIOW: The Ccontrel Volume US Shown in tha AEE OUS PANYA ёч sche mal С. 
ANALYSIS: la) Since cack S@rAy has a dara hom 4 Ф.255 ang consish 7 
Que а RR 2S 

| A = о.2.5 9 - | 3/s 

| Ó- LFS 
(оу The wass rate ba lan, .وع‎ 4.5, reduce № 


о | 
Mey (t tAt) — Mey (о у= We — Me 


mas Within d CAN and Me 
Tug wih. me (o) 2/76 4 and 





where WieylO)w the (кл tit SN 
з the arrount of mass flat exte. 


9:223 | E 40 
ме = Сео sprays ) | s) = 1409 
Tha шы! Vege fobs о | ھر‎ Voce ہہ‎ А) u the Can aftr Sho Sprays o 
Mey = Meylo)— me 


- IFO 4 - [403 = — 
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PROBLEM 4.10 


KNOWN: Air flows through a one-inlet ,one- exit contol volume . Data are 
known at the Inlet anol exit. 


FIND: Determine ca) the mass flow rate ,(b) the exit avea. 


Р = 9 bar 
Т, a LOOK 
V. = 4omls 
A, = 20 см“, 
= 0.002 m 





ASSUMPTIONS: Q) The contro! volume is at Steady state .c2) The air behaves 
as ом ideal gas .(3) The flow is one-dimensional at the inlet and exit. 


ANALYSIS : Beginning with the macs rate balance 
d о 


= үл € = m= ma? Үл 

















at 
MM RR cS шна А аи 
(^ Yn =e AU, > GL) Av; 
. C8 var) — ӨЕ Nma 1 КГ | | . 
p Бк Ky ! bar 107 Nem (60.002. mM“) (чо Ws) 


Yn 


(b) From m, = м 2 
GAN, = RAN 








Thus 
A. = (S)(E)a, 
LSith е = PIRT 
A, = (EENS), 
Ф, 400 4o А 
` G Ih (500 aso | (20 e") 





PROBLEM 4.1 


KNOWN: Ar enters a building through cracks around doors and widows 
and due to door open igs. The internal volume of the building 
15 known. 


FIND: Estimate the number of air changes within the building per hour. 
SCHEMATIC Ê GIVEN DATA: — 









To30°F e | ew 
rou I) 
с ل‎ : out flow 
88 И min ij 


th fil tration HMrough 

door openings 2 100 HP min 
ASSUMPTIONS : U) The control volume 15 at steady «tede .¢2) The air behaves 
as an ideal gas. (3) The inside and oulside air pressures are nearly eq ual. 


ANALYSIS: At steady state, the mass balance reduces to 


™ outflows = Y НОЕ + Y^ loors 
$; (АҮ) outflow = f, (CAV) ес + CAV) eê | 
where €. amd e, are the inside and outside dens ities, respectiwala. 
Assuming deal дос behavior 
fe BIRT. "EF. 


c-— n 
«ль سے‎ — 


6; РТ; | Ъ 


Thus | 
AN МИРИ 7 (=) | AV) cracls t (^V )doors | 


| nserting values 


(Ar) _532.°є ўс 88 fP/miun + 100 £n] = UFE ыи, 


outflow > | 440 R : 
£13 | Gonw 
аг ff | Gomes 13020 =. (АҮ), о 
Ave changes 13,020 ي‎ 
fer ww — 20,000 $43 air change 


= OLS aw changes A | avr changes 
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PROBLEM 4.12 


IKNOWN* Aw eutevs a furnace operat «s at Steady state aud is Jo o duc Susie 
Consisting of ee. ducts, Data ave known at the inlet and each of +e 
Aischarge ducts. 


FIND: Detevmine (ay the mass flow vate eulevins the furnace (2) the 
volumetric Flow vate (^ each of He b-in. exit ducts › <<) the velocity UA 
Phe 12-\. exit duct, 


SCHEMATIC & GIVEN DATA: 


— ei eee — B 






FURNACE 


o MEN 


T2757 C 

3| atm ОГТ m Ie cm | 

(АТ) = B00 ff min 
ASSUMPTIONS! (1) The control shown on the Accompanying sketch is at 
ate stałe. (2) The aw behaves as аи ideal gas .(3) The temperature 
and pressure ги each duct are the same as the temperature anch 
pressure ef the aur delivered Jo Уле duct system. 


AWALY SIS: (а) Using Eg. 9.11 b with the (deal 945 equation 
АМ), RAN), 
АДЛ е т, 
(lam) ( Воо 4+3) 


- —err — — ———— — A TILE 


( IS4S ++. \(535°R) 


2847 Ib- °R 
= 0.989 Ib/s 
(e) Smee 0.203 ans و‎ 


QN), = GN), = 2 улг 


i MIN 


60 5 


` a 
144 1^. 


| f+ 


14.6% ТУЗДУ 


Es 




















| atm 








б, 
Te (тт) $+ | 665 | 
p (o g) КГ 
= 117.8 Гам | (АҮ), CON), 
(с) Applying the mass balance Чо 92t Ma 


^ * 
eG 2 M~ 4 7 Yn, — My => Ma z mMm -M2- Ms (+) 
UJ LV. Eq. qa b | 
А суй. OV). BAV) „ (ee) o8) | 144 
ҮМ = Me Б bg " RT ~ 1345. \( 580) 60 
28.47 


Б^ 





|3 lb/s 


From CX) | 
ма = 0.484 - 2(1343) = 0.1204 [b/s 
4ا۸4‎ 
Уа 1545 
(he 254. (ета Jema) _ (2847 )(S€0)(0.7204) 
4 A4 C FAO (Pe ) Utes) X — 


Finally , from mą- 


- (3.41 Hs, Va 
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PROBLEM 4.13 


KNOwN;: Refrigerant Buaflows through a refrigeration condenser. Data are 
known at the inlet and exit. The mass flow at He inlet is JiVen. 


EIND: Determine (a) the inlet velocity ,(b) the diameter of the exit pipe. 
SCHEMATIC £ GIVEN DATA: 

ASSUMPTIONS: CI) The control R = bar 
volume isat steady state. Т; + 50°C 


(2) The flow is one-dimensional д, 22.5 cm 
at the mlet and exit. 





ANALYSIS: Са) Solving Eq. 4. (1b for Vi 


V^ mm my . Ч muU, 
A, р (TA) Td,* 
p 


From Table A- (2, u, = 0.02472 Yn?/lea. Thus 

















C4 )(6 kg Imin) ( 0.02412. w3/ke ) t mul 10 cm 
v, = LCG bali) Corm ا ا‎ 
0 (2.5) ст бо 5. 
= 5.04 m/s Vz 





(b) To find the diameter of the exit pipe, begin With mass rate balance 


o 
dm у ` a * 1 * 
А: = ҮМ Ma => Үй. = Y^, 


Thus, with ma = Аг“ / a 
А =% Ma Uz 


т G 
From Table A- tl — وا‎ q bàr ` Thus, the refrigevant is a Sub-cooled 
liq utd. From Table А-(0, | 


Uz ® Vea ipsc = 0:417 хао"? 
Inserting values 

— (6 lea (rin) (0.8417 "UN 

„е لد‎ | 





= 2,20] X6 тм? 





(4.5 m/s) 60 S 
Finally with A = 143 4 
y = 
d, = aaz | = 0,00 (9S Y = 0,057 emg... dae 
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PRO@LEM 4.14 
kNOUM: Data are gwen for steam flowing through a turbine with one 
inlet and Two exits. 
FIND: Determine the diameter of eack exit duct. 
SCHEMATIC $ GIVEN DATA: a | 





САМ) = к? | | ~, 6 bar- 
ASSUMPTIONS C | У ITS X42 0.94 
Volume is at Steady state . Т, aS X с 
(2) The flow at the intet and P я © dee / V,7 100 mis 
E a 


each exit ts one- dimensional. 


т, = 240 °c © 
V, 225 mls 
ANALYSIS ` The mass flow rate at the inlet is 
_ av), 
\ "v 


From Table A-4, U, = 0.01842. m*/ko. Thas 
` (800m ( £00 m Jia.) ps | 
' € 0.01942. (0.01842, m4)! 
and у, = O.(8 Y^ = (30.3 les[ s | 
Apply Ag the macs rate balance. 





= 12.3.4 ka|s 


6o 5 | 








4 © E `~ є * “ 4 * 
E. "7 YA, Wa - VA, = Mg 7 Mm Ma = S5 %, © leg 1 
Now, with m = AV / 17, amd from Table 4-4 ; U, = 0.ЧоЧо  vn*/les 
_ "uU, C1303 kols) 0446 m?/ 
A = = = | | = 2 
= VI CAS m/s) se m 


Notwag that А = Td 74 
d2 


d, = عد‎ = 1150 Маа 


From Table А-3, at Р, = 0.06 bar ond x, = 0.4 
Uz = Vr, t X, (VG, Vka) 
= 1.0064 x107? + (0.44 ) ( 23.284 - 1.0064 1073) = 22,315 m*/ka 
Thus A M3 وا‎ (595,0) (22315) 


=: ———— = — (wo) 222115 m ^ 


> Ns 
amd | 
d, = TAa = 644 т, 
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PROBLEM 4157 


kagun: Data are provided for Su bS tances ewn thrush a- pipe of 


kanan diame ter. 
Fried: Deternune the mass fleur rata for La cAn of اا‎ ٥ج‎ speared Cubo Ft 143. 


SC HS MATIC Ф GIVEN DATA} 


Degine h 





| Ve U Hl- 
ANALYSIS! (with EF. 41b 
A= АМ. PMV. пн] 455] _ 02182 575 
ar m -—Á C у чт тше е 


8 
(a) woker ak 50 с (м, 30° F | 
wi AF x AF (80°F) =0.01007 {ГЬ (Table A-2€) 


2005 20.0118 EPS _ o (b/s. — — 
e ¢ VA 0.010 01 (АУЫ = (35 70 ( 5 


(Ьу Nitrogen 05 ом ideal qas at 50 lbs [int, 8o? € = S40° R 


(SUS CL UC 0 ч. 
Rv 2.8.0: —— )(SHO R) — a Ҷ 137 LY / lb 
LUA 1м ° 


т" — — (So (be fiat) 


‚0 Ce /s 
Soa OPERE TE 2 0,00527 lb /s ew) 


(c) Raw at SO lbf/int , 80° C7 
Leo; Table А-4Є 











Ur = ). 1ے‎ (х (> / ib 


0.082 Ce (5 
ju ЕЕС; („ Б سے‎ Cc) 
Ut LTL C49 / Ib 0.01116 b/s 


* 
PROBLEM 4.16 














KNOWN: Data are known at the inlet and exit of an air Compressor operating 
at steady state. Each unit of mass passing Hrough undergoes a poly tropic 
process. | 
Find: Determine the temperature and diameter at the ext. 
SCHEMATIC ¢ GIVEN DATA. (2) — | 
— Va 1000/5 ? (20 IBF A> 
Я i => " -2. 
| I7 (2.0 УР 3ü 
| y 2 
Rz e Í P == con. $ 
= 70° 
n 4 (К 
TSOR 
(АУ) = soo 47/min AT 


ASSUMPTIONS : (1) The contro! volume is at steady state. (2) Each unit ef mass 
undergoes a polytropic process with n = 139 .(3) The air behaves as an 
ideal gas, as Can be verified bu reference јо the compress — lity chert, 
ANALYSIS: The ext veloaty is determined by Using the mess rate balauce 
with Eq. 4.11 b у as follows : iut ii 

| Q . AN. ү 

c zm- mMm, > mo = мъ => E 9 (ж) 

First, evaluate 1/7, using the ideal 405 equation 





m ыш (| H 
АЛ = en. C281 ipse )( 530 *€) — | CE 7b 
Р, (14.7 Т чай 


a 


Now, with the poly trepic process ex pression 


en 
_ fF NOS _ _ [чл үн. 3 
= Ca) = (Too) Crass g) nsa a7 lb 


The exittemperatare t$ determiner US na Me ideal gas eq UBL ON o C 








Stake. Pa Ye (120 Ube fiat) (3.1۹3 СЬ) (чч ساہں‎ 
Ta ® — — * 159457 HUE ) | LE 
aga b R 


T 

-Loz R = S14? Е —— — 
Solving Gk) Loe A. awd inser ting valwes 

Д = (АУ), MY 
g Vz Yi 
_ (Soo L/min) (3.192 (4/16) 
(200 {+ /s) (13.35 {+ / IS) 

= 0,410 in 
Usa A, =тгау/ А | 
_ fu A We _ oi) 
da = ( TC ) E | TT 
da = 0,122 м ا‎ 
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| win 1. 
الس‎ = 0.0028 Ҷо 
E | 0.0028 4G И 





PRoBLEM 4.12 


—X Date are given for air entering and exiting from a fan. 


Fino: Determine at steady саќе Са) the mass flow rate (b) the 
volumetric flow rate at the inlet ‚хид (с) the inlet aud exit 


velocities. 
э LA. 
7, 216°C 7, =(8 “с 
Р 2101 Lh | P, 105 kPa 


aac 
| 
| ھہہ‎ 
T 

3 
D 0.6 m ТЕД — > yy = 0.35 èls 


© © 


ASSUMPTIONS : ' CU A control volume — the fan is at у 
state (2) The air behaves as an ideal gas. 


ENMNSIS | 
(А) The mass balauce reduces to: МАТ =M, . Thus, Using data. 
at the exit ef the fan 
Yn > GV. V. ^ = (4v), Pa Ps. 
NETUS ET 
(0. 35 m/s (loS kPa) 


© {8314 KT 
E ks = ۱)24 К) 


(kT 
!o Nem 


оё Niw2 
| kPa 














n 


O.^^ kls a 
(b) A+ the inlet NI | 
(Av), = vh v; = (£0) = 0.44 | 022| 


(c) The Cross-sectional area is 


г, + 
А = ue = Сем). 0282102 


> WE: av): - 0.36/۶ _ 128 mjs سه‎ 
0.28171 wr 
EMG OSS = — — 
A 6.28174 
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PROBLEM 4.18 


KNOWN: Ammonia flows through a control volume. at steady state. The 
control volume has one inlet and two exit, and data are known 
at each flow bou. data. 


FIND: Determine (а) the minimum inlet diameter s0 the ammonia 


P: bar 
Saf. vapor 
(AV).= 1.036 m/min 





rr 6 


Control | 
volume | 











| 
m 20.5 lkg/s I > P,=4 bar 
ASSUMPTIONS: (1) The control volume ts at steady slate .(2) The flow at the 


inlet is one-climensional. 

ANALYSIS: (а) To relate velocity ancl pipe diameterat the inlet, use Eg. 4.l] b 
> mMm, o, - Yn Tr B 

V А, TA, 

Fau 

Thus, velocity varies inversely with diameter. The minimum chameter 

Corresponds Ҷо V =20 ws. 

To qut ar , note from Table A- 14 that T, = 28% is less han Тод at 14 bar. 

Hence, from Table A-13, U = Ure z2asc^ LOTH ХО"? m?/ leq, and 


(dj. = [+ MU | [900.5 1315) (1.6714 x10 waa) 
miu KU o 7 (20 m/s) 


0.00724 m = 0.729см. (d) 
(by To find AV), , begin with the mass rate balauce 


dm 2. . . у. "m 

Ad = m, мМ. v, => Ya, = Y - M2 
With wy + (AT Mar 

(AV), = аљ | v — (AV), Га, | 


3i Table A-14 ot 4bar ; 17, = 0.3094 m?/ kg ond 121.5597 xu * m/l. 





{ min 


(AV), =(1.3547к‹07° t lo-s 2 (ге ү. (1.036 е 


(0.3094 m?/ks) 


= 6.0ulb m3/min _AV)s 





PROBLEM 4.19 


KNOWN: A pump operating at steady state provides water through two 
ARA pipes — are known af e met and each — 


FIND: Determine the water velocity in each exit pipe. 










SCHEMATIC $ GIVEN DATA: (3) (2) 
D2? 4 tn. pi — 
“s . pipe 2.22, м. Pee 
ASSUMPTIONS : (1) The control T, = 12°F \ 7+ 72° E 
Volume is at steady state. | | | MB b/s 
e — ? compressible Ths 10°F — / 
a Vv * Us T). (АУ) = T H?/mn (1) ^u o 


D =6 м. pipe 
ANALYSIS: For the velocity iw the 3 in. pips use Ба. 411b 


V = Ma _ WU. 
= Aa. 7 DA 


From Table A-2E ot 12°F; Um Up а 6.01€ 0e #3/16. Thus 
4 (+15) (O.0 (606 37 Ib) | 
MEC ND HM ic - 


7< (2/1 2ух T 


To fid Wa velocity iw the H №. pipe, use the mass vate balauce 
to dekexvw vue. fre iss How vate. That is 


AF = M, — Ma -M3 = Mg = YA 7 Y^ 2, 


2. 





At +a (alet y 
TNT үү a алй miu ) | TT | | 
MN ay, X (eoteos &MIb) loos | 8.01 b/s 


Where л>, is ојюуолілед from Table 4-26. Finally , 


Mma 9 M-m, = 8.01- 4: 4-Ol Ib /5 


2, 
aud T" 4+ ^ Us _ 4- Got \Ыз)( 0.01606 4% |b) 
3 Dh T GhzY H 


-— 
hiemem 


6738 HHS. 3 


PROBLEM 4.2.0 


KNOWN: Separate streams of water and ethylene glycol (4 ly соі) mix Jo form 
a single mixture that is half glycol by mass. Dale are given for phe mlet flows. 


Tib: Determiive (а) the molar and volumetrie How rates of the entering 
glycol. (b) the diameters of the supply Pipe. 


SCHEMATIC ¢ GIVEN) DATA: 


Water: 

T, 220°C (1) 

P= 1 bar 

E kmol 

Nz 4.2 min 

\ 2\7 3 2.5 m/s 
Asso MPTIOMS:(1) The contro! volume is at 
Steady state .2) The water and او‎ co) ave 
eoch inco maress ible Sulostances. 


— 





Mixture: 50% glycol by MRSS 





| 
IL. ال‎ 
(23 ethylene glycol 
glycol = 62.01 mol 
S glycol = LUS Suo 


ANALYSIS 5 (a) To find the glycol Мою rakes, begin with a mass rate balance. 
A+ steady state: v, +ma = Ws. For he mixture 


50% glycol > ma 20.5 ; ` 
Ум з Ya 2 Mma. 


50°/ water => oe >©.5 


$ 
Mou |  ., 
mie A My (чул. ГУ Вот. SL) = 75.68 kal mi 
2002 19,68 leg | uA 
y s — = eee 


x = l . 7 
Ашы 62.07 kg/ kmol 1219 emo! fw g h 
Also „with Мл = E Caw) _ | 
CA) y M 2 » Ww 2. 
— 





S glycol LUS Suze 
га Table A-2, «у, о АЛ @ ape, = 1.0018 XO 7 mks amd Ф = ‘Ary = 48.7 kalm? 
T 15.68 leg/w 
A) 2 ese. sb. m3/ mü Car) 
G ) pus CIAD Z) kg/m3 0.068 [mia ш 





(b) The area et vhe water sugely еїр@ مذ‎ 
А = V à А (15.68 є [ маил y 
`9. Мі (448,2 ۴9 /m2)(2.S m/s) 
Qu А = 7142/4 


ЕХ [4 A _ —— CMT) | 
d = ч = — == 22,54 CM a d, 


Similavly Lor Yke glycol shere au 








lo см 2: 5.054 cw?‏ ا 


bo 5 








і ум 2 





_ 73.608 о 4 — cM 
| A2 = (1.S)(€998.2) (2.5) | 6o “ene 








4, [At 29 = 2.4 си C 
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PROBLEM 4.21 


KNOWN: Deda are know for ulet and exit streams of an avr conditioner 
Cooling tower operating at steady state. 


EIND: Detevmiue the mass flow rete of the make up Water. 
Se E MATIC & GIVEN DATA: Humid air 


m, = 14,000 Ib/h 


| Cooling tower 


Warm water inlet Air conditioning unit 
m, = 4000 Ib/h 
EE 





ASSUMPTLONS'G) The control 


` : 1 а 0 : 
vol UME IS at steady state . A p». Sra , ER: 5 Тү d205P 
(Z у The dry avr Stream at Dry air 
| осаі‘ои 3 behaves AS Qu A \ TZ 10°F 


| | aas. SE жоо 
idea 9 (АУ), = 3000 ftꝰ/min 


22 





Return water PED 

= gd 

| 0-830 
Ў Makeup water | 
ANALYSIS. The mass rate balauce for Иле control reduces as follows: 
о 
Ay : р nen А 
=M,+M3t ms M2 ¬ e. 
AL ' 5 s 


o Me = WAQ7 WA, + ma - MG 
From the schematic, we see that cirar +hrough the aw Condthoning 
unit ts closed. Therefore, af steady skate wA, 2 my. Thus 


To get M, use Eg. 4.4 b and yhe ideal gas equat 
„ QNS Р, (AV) 3 
YV ——— = a — 


Э Us R Ta 











_ Cli utm) ( 3000 H?/min) [14.646 "- 144 int] | со D^ 
(=e FH. ibs \(530°2) | atm 144* th 


28.91 ib- R 


[3480 Ib/h 
Finally, from (x) 


m, = |4 000 -13480 = 520 lb/h 
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PROBLEM 4.22. 


KNOWN: Air passes through a contre! volume operating at steady cfate. Data 
are given at the inlet and exit, and The heat transfer 
rote is known. The exit volumetric flow rate (5 known, 


FIND: Determine the power. 
SCHEMATIC $ GIVEN DATA: 
P =[.05 bav 
T, = 300K 
aur 





Qu:-10kW ` W=? 
ASSUMPTIONS :(1) The control volume is at steady state. Оу The air behaves 
as an ideal gas.(3) Kinetic and potential energy effects can be neglected. 


ANALYSIS: To determine the heat transfer rate, begin with the energy 
raté balance d 2 


at ` Ou Wa +, Ch + + eq — mu (bu B +4 za) 
Wath M, = Mz € YA 


e 
t . r^ 2, e 
Wey = pa (heh) GRO «90 


The mass flow rate is 





























с М). RON 
"Ou | RT, | 
(l.0Sbar )С 12 m/min ) I min (1007? Мум || (IET 
dro. Е : c 
GT — ( 300 k) 605 1 bar ION 
= 0.2439 415 | 
Finally, Using dala Leow; Table A -2 kt E 
мусу = (- 2.0 lew) - (0,2439 2 ) (400,98 - 300.19) | Te | 


Wey 





[, The hegative 51У for te Power denoles energy trausfer 
to the control volume brow Fhe Suvroundings. 
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PROBLEM 4.23 


KNOWN: Air and water pass through a control volume «s separate streams. 
Dara ore known at the inlets avd exits, aud the contro) volume is at Steady 


END: ‘Determine the power. 


SCHEMATIC E GIVEN DATA. _ u 
- С) | | С.) 


Avr in | 
7, =70°F =530°R , 
P, 214.71 NIIS 






Gir oul, Т> ОР 
= $20°R 







p- Wey ^ 7 







ий р = ISO Ib /min | volume y 
! ! Qey FO 
water im > Water put 
T,280*F (3) Hay Ty 10°F 
P4 © Рз 


(AV) 3 = 12 gal/min 


ASSUMPTIONS: (y The control volume 15 at steady stale. (2) There 15 no heat 
+rausfer > Qu зо. (3) Kinetic and poteutial energy effects can be neglected. 
(4) The Avr behaves as an ideal gas (5) The water behaves as au Ти compeessille 


subSpance. with negligible change йл pressure, 


ANALYSIS" To frnd the power, weapply mass ако energy rate balances to the 
contro! volume First, since the arr end water streams ave separate, by 
assumption | А 


E 4 д. v be у ` * v 
Айс, 209. Жуй айы Sa 
о ЕС EN > ` ы 
Wate: Sees vg gD M My = Ww 


— d 
and ae мо > Ы © 
E = ou 7 Wev +h Ca SS + و‎ €) —m, (hot 2 важ, 
a ` 2 | 
+m, (h, + п +923) - Mg Chg 4. 4 =) 
Combining " : © 
. | 2 
| O= -Wey + Ma, {th,- hz) чий ) + gC (722) 


+My ТЕТ ) UAR ^y +4 ч] 


Wey 2 Ma Chha) * Y^ uy C һз-Ачц) 


The mass tow rake of watttis found from mys (AV), /u 
Us va v = NILE Е z0,01007 eyib + ron Table A -2E 
СО. далел) [0.13366 € | _ min 
— (0.01007 H? (|b ( gal 44.9 Ub / 
Now, from Table A-22€5 h,= 126.66 БАЛЬ and h,= [24,27 5/1. Further, for 
the waters hy* he @goep = 48,09 Giu/lb amd hq beg адор = 58.07 рал. 
Thus | 
" B db _ | Biu | 160 mn 
Wey (150 wiy (126. 6e (24, 21) oha, HAIR N q$,04— sonel e 


0r 





1545 Bulla 


® =-15.0 hp Why 
l. The negative 514и denotes energy transfer tute the control volume by work. . 
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PROBLEM 4.24 


KNOWN: Steam flows through a nozzle with known conditions at the 
inlet and ex tt. The mass flow rate is 9 (ven. 


FIND: — (a) the exit velocity, (b) the inletand exit flow areas. 


30 bay (t) —— R= {о bur 


E 
5:320 — nozzle zy T =200°c 
V7 = Оо m/s A E. Yn 22 les [s 


% 


ASSUMPTIONS: u) The control volume is at steady 
State 2) Heat transfer is negligible and W,, =o. 
(3) Potential energy effects are negligible. 


W 
ANAINSIS (The velocity of steam at the exit is found from the Steady - «jade. 


energy balance 


O = A Wi, TA ha) + (ia *) каза] 


where М = Үә ЗУЛ, Solving for Vz 







Т = 320°C 


y- Т, =2©о°с. 


№ :J2((h- hz + V;* 


From Table A -4, h, =3043.4 و‎ and h,= 2827.9 "T" . Thus 





105N-m 


E т 3 
































Ns 2 IL (3043 -Ҷ – 2821 ау S ka | — ке ET = + (160 ams 2 
= 664.1 mis US 
(b) To find the inlet and exc flow areas, use. WM s (Av ^v. Solving 
ее _ MU 
V. ond Аъ TU ME 
From Table 4-4, U, = 0.0850 — amd U, = 0.2060 vw? , Thus 
(2 (2 kg/s (0.0850 m*/ lo^ cm® А 
(100 mjs) Tx "OD TOM E ocu ^i 
amd C2)(0.2060)] 104 
اا‎ se 2, 
^ (6614.1) | аш 
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* 
PROBLEM 4.25 





KNOWN: Steam flows through a well- insulated nozzle with known conditións 
at the inlet and exit. 
FIND: Determine the exit temperature. T | 
SCHEMANC $ GIVEN DATA: LN T, = 60°F 
Р= 300 и ey //#1 R= yomen lii | 
Т; = (00°F PENT: : | 
i —T* nozzle -> У, 21800 #15 
V= 100 15 C! Уу (2) чыш NO 
| У | 
1C1) The control volume cs at stead 
Slade .(2) There is no heat transfer, amd Wev?0. رہ‎ 
(3) Pelentia| energy effects are negligible. 
ANALYSIS! The pressure is known at the exit. The state is fixed by 
determining h, using the Steady-state energy balance 
О о 2 2, о 
PM | Viv 
О - à, Wey + Y^ [ Ch, - hz) + t g съел] 
Where м, = ma = a. Solving for ha 
ү AVE. 
h, = h eC: = 2 у 
From Table A-4€, h, = 1919.5 Busib. Thus 














1002-16800 pet 1 ibẹ ге 
и, = (1314.5 Beusib) + (————) 5% 132.2 1b. £H/s?|| 778 $4 16$ 


= (250.03 Bh/ lo 
Interpolating in Table k-ue at р, = 4o lef hw, s 1250.03 Blu /\Ь gives 


T4 = (086.6 er А — 7 


PROBLEM 4.26 


KNOWN: Methane gas flows through a nozzle with known inlet condctions and 
a specified range of exit velocities, 


FIND: Plot exit temperature versus exit velocity | 
SCHEMATIC $ GIVEN DATA: 
2/2 


Methane gas (c Hy ) KU Л -- 
„//// 274 L * | 
T; 80% МА | 500 $V; S600 m/s 


V =10 m/s 





ASSUMPTIONS: (1) The control volume ıs at steady state. (2) For +Ие control 
Volume, Qc, = Wey 20. (3) Potential energy effects сам be ignored (4) The 
methane behaves as an ideal gas. 


ANALYSIS: Since h = hCT) for the ideal gas, the exit temperature is 
determined by evaluating hi using steady state mass anch energy balances: 


ло AO . = = о 
0 = 45^ — [ChCOha) + zs ) +4 0724] 
Where m, = №: = m. Thus, with = Ист) 


| i 2 2 
о= Мт) -Ибть) + CI ا ر‎ 
C 2. ) | beg [sl 





(ey 
10? Ne-m 





CX) 











for hin kT/leq and Vin m/s. 


Using UT, the functions ИСТ) for methane (cue) as am ideal gas ave 
accessed veadily , and data for T, is oblnined usine the Following code. 
The results are shown om Ye accompany ing plot. 


С) 


Т Code : 30 


80 //*C 
10 // m/s 
550 // m/s 





T1= 
\/1 = 
№2 = 

20 
0 = (h1 - h2) + ((V142 - V242) / 2) * (1/1043) // kJ/kg 2 


h1 =h_T("CH4", Т1) u 
h2 = h_T("CH4", T2) 


T2 


// Using the Explore button, sweep V2 from 
// 500 to 600 in steps of 0.1. 


(Т) Result for V2 = 550: Т2 = 13.63°C 0 | 
500 220 540 560 580 600 
"T V2 (m/s) 
From Cx), Иста = исту + [uror ). Tus, as N, creases , МСТ.) decreases . 
Thevefore, Ta A€cveases QS expe cle, 
|. A sample caleulahou using the c» function {om Table A-21 +o evaluate the 
eva py с\лолке е tn GR) Confirms Ае result. With IT, this integ ration is 
not Necessary. 
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PROGLEM 4.27 


known: Helium flows through a well-insulated nozzle with known 
conditions at Hae ilet amd exit. The mass flow rate is given. 


EIND: Defermine the exit area. ' n 
SCHEMATIC Ф GIVEN) DATA: Му LLL oe (ay a 3 460° 


~Lan® 1) 
z-6co"R р = Бо Р 


V 2175 #5 TTT TS Үд = 1 [b/s 


ASSUMPTIONS: (1) The control volume is at steady stufe.(2) Heat transfer 
ks negligible and Wey =0. (3) The helium behaves as an ideal gas (4) Potential 
energy effects are negligible. | 
ANALYSIS: From the mass rate balance, m, = ҮЙ, = m. With va = ФУ) Ит 
_ M 
A> V 
Tntroductng The ideal gas eg uation of state 





ES Va Рә. 


The exit velocity is found usting the steady-state energy balance 
_ 3 v. А o M h sh V &\; 2, e 
o = A, У + т [nha +S) + g (e291 
From Table A- 21, the specific heat co of Кеіилил is 


«(5 _ (ву ү (1386 BiwIbmd- 9e) _ "PA 
Се 9) = C) с 4.003 Ue /bwol) 24 адре 


SINCE € 15 a CónslaewcE Ah = Co AT, amd 


V. = | 2 CTT.) +U > 


525. (боо- 460)°R 















222 e is [azo bi + (175°) # 


e 


2 (1.24 








= 2454 Hs 
Fiually 
1545 ft-lbf | 
E (114$) Gast ib > f 46o°R) | | ¢ 
ы (245+ #{5`)(5ь Ibtlia*) 149 fue 


= B.35xK10 HZ Ar 
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PROBLEM ч. 2:6 


Кмоим: Air flows through a nozzle with known conditions at the mlet and 
exit. Heat transfer occurs from the air fo the surround mgs. 


FIND: Determine the heat Lransfer per Ib of aw flowing. 
SCHEMATIC £ GIVEN) DATA‘ : 2 


222 і 


T, = 106° eI? nozzle +—> Tz = SVO о 
ys (BRIO) = (Soo CLs 
Qo, [ 
LONS: (1) The control volume is at steady state. (2) For the ntel 


volume , Wey *O.C3) The air behaves ас an ideal gas. (4) The inlet kinetic 
energy and potential energy effects ате negligible. 


ANALYSIS: To determine the heat transfer, besin with the steady-state 
energy balance 


. Ao © 
O= Qe - Wi, t m | Ch, - ha нася | 
Solving {ог Qv / ^ 





E LS 
— hc уъ 


мм 


Erom Table А-226, h,= (€2,08 Gi. /I&. ancl 
ha = (24,27 Btu lb. Thus 











it | 
Qev Bin (500 = ) — Бү. | - L9. 
— c ((24.27-182 08) == t 32.2 Ct Ub (|773 H lb 
Qe. * 
x = 12.9 Sw /lb 


The negativ e sign i coles Wat the Weal- гале 


is Crown Pre A0 tele lo he surroundings. 
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PROBLEM 4. 29 


KNOWN: Steam is decelerated iù passing Tow h a diffuser. 
FIND: Determine the exit pressure. 





Р 514-7 ли?! | 


T=300°F | | Г” Sat. Vapor 
| ke,70 
у= SOO Hs Ct) _ 2.) 
E --14.54 Blas lb 


ASSUMPTIONS: (1) The control volume is at steady state (2) for the centro! 
volume, Wa = О. (3) The exit kinetic energy is Negligible .СЧ) Potentiaf 
energy effects are negligible . 


ANALYSIS: Applying the energy balauce at steady State fo get ha 
. ‚ ло © 
O = Qa, Wy, + а К-а) (s ж), qc. | 
where ў = va, в A. Thus 


h = dev n + kı + V. I) 





2. 


From Table 4-4& of р =14.7 Ibfliu®, T,= 300°F ; h, = 1142.6 Bhlo. Inserhig 














values 
соо?) 14< | 1+ | fu 
И, = (~19.59 B8lu/lb) *t(ud 2.6 Gl«/10) + 2. 32.2 £1 Ib/s?|| 118 ft-lbf 


= )[7© Blusll 


The pressure et the exit is the saturation pressure Corresponding to 
hg = ha = 1178 6k./ lb. From Table A-3E 


B = ро ШИРИ шыш ЗИ СЕНРИРЕНННИНЕЕНРНЕНЕЛИРНИНИННЕ 


2. 
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Ж 
PROBLEM 430 
Data is Provided for a à шег at Steady Stak, + brous А ule ہل‎ 


Air Ры {ош NA 
F0: De tay nu wa pu Aah о of w=- ext Few Arte, to pha what oc „гео, 


Gnd Ала xit фе регате, 


KNOWN 





SCHEMATIC & GIVEN DATA: | 











{ 
AIR | P, = 1.13 bar | 
ж Ж ЕЕ. 9 
12 500 К МИРР РУР | VEO IS 
V, 2 250 [5 Ó “Sy An — 
А | @) 
ASSUMPTION 1. The contro! ур (оило 5 Коча wu. the ЗС (о matic А at Steady 


St. 2. for Ф Con hol uow , (Deus Wey = о zand рол energy 
effects сол be i5wortd. 3 Air ù илїї os an dant gas with constant So, 


AMA TTS: The rtc Aer Dalan ce feade Yn. = mi ә مص‎ 
‚Ме 
Ак. AM > AV . АМ у 4 - (#)(? 90 с) 
E 7) (ет. [А ал) ^? Р, 


The емо temperature, Ta j Co. lo-« СИЗИ OKA. кгз owt lo shan e: 
о: A, - pats + Mol mre ELE eg ent) J 


hot hte d 


“Using data from Table A-22 


«kx. /2.50%- MO") wr] iN 
ha (500.49 rc ( 2. PRIM 


= 321.64 kT / 5 
Then , interpolating in Table A-2% for hy 73201 VY (kg 


— 
1000 Nm 











T 
Т, = 521.3 K = 
Returni ma + Eg. Ct) 
Ar _ (wear \(23 =) 250 ~ /5 
А, — WUA bar/\ 300 (< (UO wis 
А. /À, 





= (,692 


PROBLEM 4,3] 


Known: Arrenters the diffuser at the inlet of a jet engine and decel- 
erates to zero velocity before entering the jet enges Compressor. 


FIND’ Deteymine + 





M z 1299 km/h. 

Т, >О.( bar 

Tr * 8% і 
- | УУ diffuser 

(I) 7 (2) м0 


ASSUMPTIONS: (1) The control volume isat steady State .(2) Heat 
transfer is negli ible aud Way =O.) Potential energy effects ave. 
© negligible (4) the air behaves as ам ideal gas. 


ANALYSIS: Since ИА = hCT) for an ıd eal ges , the exit {temperature 
can be found by evaluating и. . Beginning with the steady-state 
energy balance —, 


© 
۵ ا‎ tm [thy-ha) + GER) + gea, -e)l 


Where m, = т. 3 M, and using assumption (2) 
О =(h,-h,) 7 ivy" 

оү” = 
М. = hta 


From Table А-22.; h, = 281.3 lerlka , amd 








KT | ee LER ы лг 
n, = 281.2 ka 2 (10107) h* 3b00 7 $ ? | keg-m/s* гом. м | 








= 319.4 kT leg 





Luterpolating in Table 4-225 T, * 314.6 K 


. The applicability of the ideal gas model can be checkecf by 
reference +o the compressibility chart. 
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PROBLEM 4.32 * 


KNOWN : Refriqerak (34 а passes through an insulated diffuser. Data are 
known at the inlet and exct. 


EIND: Determine the exit temperature. 
SCHEMATIC £ GIVEN j 
А | 
(&-L $3 U о. 000000011127 a 
= — * = 300 Wo 
Qr-100lb / | diffuser | Р,= 300 шети 








Sat.vapor (ур = оу о 
\ = 1200 Hs TTI IMT Ty | 2) ج"‎ 
un 
T 
ASSUMPTIONS : (1) The control volume. is at steady state. (2) The heat transfer 
LS negligible and Wey 0. (3) Potential energy effects amd kinetic energy at 


exit can be neglected. 


ANALYSIS: The exit pressure is given. The state is fixed by determining ha 
using On. stea dey- state eneraq belance 


. © . 40 2 м D 
o = RECIT w [Uh] + LES + усу] 
where M = mi, & M. Solving for hs 
hı = ht ve 


From Table А- ПЕ, at рү=е t, А, = hg = [1246 в/і. Thus 





h = [12.46 Błu/lb + 1 (12007 #?/s52)}__! Ilf 1 Bju 
32.2. Ib-fHs-|| 778 £r- 151 











= [(d.20 Внл/1Ь 
Tnterpolating im Table А- ПЕ at р, = 300 \bflin™ И, = (41,20 Gtu/lb gives 


T, = 222.4 °F Tz. 
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PROGLEM 4.33 
KNOWN: Carbon dioxide flows through a well- insulated diffuser with known 
conditions at He inlet and exit. 


FIND. Detevmine the exit temperature aud pressure amd the mass flow vate. 
ATIC DATA! 


А Z 
z . і — | - 
Р 220 |brliu^ ls diffuser qy М 220 НХ 
Т2 500°R (1) | | | (2) 
Vi = Воо fHs ! 
A, 214 к" 





ASSUMPTIONS! (1) The control volume is at steady state. (2) Heat transfer is 
negligible and We 70. (8) Potential energy effects ave negligible.(4) The carbon 
didxide behaves as an ideal дас. 


ANALYSIS: Since heher) for an ideal qos, the exit temperature cum be found 
by evaluating h, . Beginning with the steady - state energy balauce 


. Фо , мг =z 0 
0 = e Mey +m f (А.-А) КАЛЫ ) 44 g2] 
where m, «m, = m. Solving for ha, amd notidg that h = h/M 
۳2-7 a, we 2 
h,= h, (ee) > hz h, + (V M 
Where M is He molecular weight. From Table A-23&€ , h,= 2106.2. Blu/Ibwol 
` amd 


—, 























2 2, 
ha = 310002 BRT +) Eee ele — 
=4268 Btu/ tbmol 
Inter pola ^4 u^ Table 4-236; T, * 563.6 R en— — — — 72 
To get P, , begin with moes Mma. Thus 
ANE MS 
А7; АЛ. 


with PU- RT 
Pay) = B 
RTI (A) = REAN) 


n POE e EAE 


= 30,06 1Ь4/ 


or 








Finally, the mass flow role. is 
АДЫ ЖЕУ бео Moo el) 
Ke B i545 £L.ibt \ none — —— 
i (E. ЖАЫ )(soo*g 


21.276 Ws 
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PROBLEM 4.34 


KMOuM: Air expands through a turbine with known conditions at the 
Inletand exit. The power developed iS known. 


EIND: — Determine the mass flow rate and the exit area. 
SCHEMATIC £ GIVEN) DATA: 






б Wey = 2200 kW 
P < lo bar LA 
1,*400K NN Р, =1 bar 
№72 < У, 7, = 500K 


(2.) V z 100 m/s 


ASSUMPTIONS: (1) The contre! volume is at steady slate .(2) Heat tromsfer is 


negligible.) Potential energy effects and kinetic energy af the inlet can 
® ре neglected.(4) The акыр as an ideal gas. 


ANALYSIS: Begin with à steady- state energy balance 
о 
ио à үе 2, o 
© * A, - Wu m chhay есж кас] 
where үл, =, = ил, Solving for w | 
Wey 


"C thelial <q 
pm 


From Table A-22.; h, = 43248 kT/leg amd h,= 503.02 k/ko . Thus 
( 3200 kw ! 57, pw 





Y^ = 
(422.43 - 503.02 Y WS [ш — [1007 mAs IN [LOT 
у [s L. | kg- mis? LO? Nm 

















= 7.53 kg/s 
The exit area ts 
A = Vim РТ 
= MW CP 
6.314 LT 
V 2841 Ea) (Боск): 71-53 les /s ) | bar 10°N-m 
(т bar) (тоо m/s ү 105 NT vn? | «3 














= 0.108 мт 





` tl. The Applicability of the ideal gas model can be checked by 
reference to the compressibility chart 
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PROBLEM 4.35% 


KNOWN: Air expands through a turbine with known conditions at the 
inlet and exit. The inlet mass Clow rate aud the power 
developed ave given, 

EIND Determine the exit temperature. 

SCHEMATIC Ê GIVEN DATA. 

Air 
Р, = oO Ibf/iu* 
Т; = 1560 oR 
va =. 10.5 (b/s 







l Wev = 2550 he 


г>. Р, = (4.8 ILE (n> 
2) 


ASSUMPTIONS : (1) The control volume is at steady state. @) Heat tanster 
а (5 E Kinetic and potential energy effects are negligible, 
(+) The aw behaves as ом ideal qas . | 





SUM 


N. |. Siwe И =МСт) For an ideal as, the exit temperature can be 
found oy evaluating ha. Bequamng with the steady-state energy Yalawe 


..40 . 2 2 
O a d = Wey 4- Mm (Ch,-h2) + (SSM) «cu, 
where VA,S Y^, 2 M , and with assumption (3) 
О = -Wey + V (h,-h.) 








d M, = а/л +h, Са) 
Using A ata. ЧЕРТИ Table A -LLE for —V ana inser ting 
values inte CU) 
| (2550 ho) | th 2595 Btu/h ес 09 Btu 
t (10.5 Ib/s) $600 5 | ( ho | + 585, ib 


= 203.34 Rtu / lb 
Tuterpolating in Table A-226 
ET x. ж = ا‎ 
l The applicability of tne ideal qas model can be | 


checked by reference to the compre ssubi lity 
Chart. 


4-38 


PROGLEM 4.36 


KNOWN: А steam turbine operates at steady State with known inlet and 
exit conditions. The power developed and the heat transfer 
rate between the turbine amd its Surroundibgsare specified, 


EIND: Determine We veumetric flow rate of steam at the inlet. 






P z S00 belie | | n 
T, = 800 °F | 





Beene 


Р, 20,8 d£ hi 
х= 0,93 





Quy 3 - 2.5 xto* BR 2 Е 
as 
ASSUMPTIONS: (1) The Control volume is at steady state.cz) Kinetic and potential 
energy changes from inlet to exit саи be neglected. 


ANALYSIS: To calculate the Volume Clow rate, begin wi A Moss ancl energy rete 
balances for the ona-inlet, one-exit control volume at steady state 


Ozm,-mMm, > Y^, = м = У 5 
Я А | 1407 ® 
Оз Qc, 7 Vk, + ^ khh «526 5 *jraCu à [ 
Selving for the WAS 5 Llow rate. 
à Qey “Wev 
hh) 


From Table 4 -4€, at р = 500 IbFlin®, T; = 800°F ; h, 2 (M12. [ Blasib. From 
Table А-ЗЕ , ож P 20.8 [LE line 


mM 


h, = hg, + х, Кез, 


= (002.41) + (0,33) (1040.2) 21022.€0 Bta / lb 
Thus | | 
(-2.5 xto? Blush) - (15,000 he) 

eae ome ene ala 





1 


LOGXIO Ib/ bh 
Then, from Table А-ЧЄ at p, and Ту. v - Laut er /lb. 
The volume £t OW rate at We in let LS then 
| lb £3) 
(AV), >л v, = (10.64 o" 53 ) (L4 XE) 


1 


SRS «(io ГАДА а (АМ) 


PROGLEM 4.31* 


KNOWN: Awell-insulated steam turbine operates at steady ~ state with known 


mlet amd exit conditions. The power output and mass flow rate are 
specified. 


EIND: Determine the inlet pressure. 
SCHEMATIC & GIVEN DATA: 








Jid. x 
Steam LLES | Wey 3 23 MW 
T=%0% _/I | In 
М 2 55 m/s І /1 turbine Г[) R=0.06 bar 
| ГА Sat, vapor 


2 | | | | 


ASSUMPTIONS! (1) The contol volume. is at steady state .(2) Heat transfer ean 

be — (3) The potential energy change from mlet to exit can be 

neg letted. 

ANALYSIS: The temperature ts known at the inlet. To {ос the inlet state, h, 

is determined USING mass and energy balances. For the control volume 
d 


d үй, “Maz > W^, maz Mm 
Cut x 2m 2. Ө 
© = A, - Wey + үз [hha + ر( ل‎ +9 сал] 
Solving for h, 


and 


А 2 3 
Wi Vi- V. 
h, = — + he tC 2. у 





gi Table A- 3 for saturated Vapor ot p,=0.06 bar; h,= 2567.9 ke T/ le. 
S 








"V 
К = (Bmw) и h 67.4 г) — UN | ЕТ 
| CHO legl)! 1 MW] EST ag 2 TSE DTI (ss | 005 Nom 











Tnterpolating in Table A-4, with T, = 360 “с amd h,= 314۹.0 ITlkg gives 


Р = 25.0 bar € E 
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PROBLEM 4.38 


KNown* Data are Provided for a turbine at Steeda Stu , there ugh 
w wea Ma „ 2x pandin 


— Determine the power de ve оре d. 
SCHEMATLC 2 GIVEN DATA: 





© . 
GeV. z 16 ВР 
Ww 
N 
= р, то lof /in® 
l1 T, > 1009R. 
12 looo | 
. 25115 
Vy = zoo ftls vus 281 
D= LN, 
ASSUMPTIONS! |- The conto! Volume shewn wi the Seha mahe is at Stead 


Stale. 2. For {te com trol volume, ta ohmy u~ pen hot ML from iu ley 
№ xi + vo ne y's b le. $- DL hogen Ue Vo dt d ag Ar A لمعلا‎ 
Дюк: Re — Jes mas and energiy ra te 9^ lance y 


© = Guy — № су <= ммм + сЕ G a Aa] 


2) | Мусу = Dey SS Mh + ЫС 





ou us | 
| Е ave. AGT (пъ Mv P _ (= (& +) /4 (221) [50 fr] 
(ON, TR) RT, ser EM Y wooer 
| (amt р ht C oo?R) 
= Q.ST lb / c 


Then, with entip date frum TAL A-2ZE ond ©су (Әј OA) 


` Bh 
- |- Bi ا 57.م )ا‎ 6.5 ip „977.9 — 4864.7) Bre 
Ww Cy = [| Bix |(o SF fe -t > Taso, te] tomo! Tej omol) Lb vee | + 


C(200 еу (2.94 y] be 
ean ere 42.2 Wof- [s^ 











| bhu 
119 Fhe 


= 05+ | -16 *75.44 + 0.8 ] ES 


> 34.34 zx =з mE | E 48.58 hp 








3 |2s4s WA ih 
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PROBLEM 4. 39 


KNOWN : Steam expands through a well- insulated turbine, InleFand exit 
conditions are known, and the exit diameteris given. 


FIND: Plot the power developed bythe turbine versus exit quality . 





CHEMATIC Ё GIVEN) DATA’ AN T 4 MPa 
| » Í | 
Р=4 MPa +40 ак a 

— ` Py = 0.01 MPa, 
e \ 220 m/s 
d,* 0.6 m 

AEE AAR 

ASSUMPTIONS: (1) The control volume is at steady T 


state .(2) Heat transfer is negligible (3) Kinetic ene t 
fhe inlet and poteutal energy effects are леса 


ANALYSIS! To dehermine the power, wse the energ balance. at steady state 
O : h-hh WEVA 

О АС Wey + M (( 7 z) + с 5- 7+ са | 
where m, =M, = M. With assumption Сэ) 

А 2, 

Wey = W | Cs ha) — LES | (м 
Evaluati hg the mass Flow vate 
Ам ла 

^". «uu 


Sample Ca Au let n : |Xz04| From Table A-4 af B? 4M Pa > 40 bow, T, 2 320; 
we оё и, = 3015.4 Кес. From Table А-3 j Uy = 1.036107 Ca) 2.365 - 1.0 36x15) 


OF Va 2.12 B6 м/о. Similarly, hz? 376,70 t (.31(2283.3) 224317 k3lla. Now, 
From CX x) 





— Cy v) 








R (.6)* w* Go m/s) 


4021296 Wk) ее 
Now, from CX) 
leq kJ (90% w* 4.1 М {ЕТ 
W, 43445 — [(3015.4- 2 31.7) — [2 S> |T kg mis? 1 lew 
cv 0 5 y 1) kg 2j5™>]jl kg: m| 54 LN WA "Mes 
= (24 2 7 kW | 
a IT Code | 
6000 р1 = 40 //bar 
"" Т1 = 320 //*C 

5000 | p2=0.7 //bar 
z ln | V2 = 90 // m/s 
& 4000 d2=0.6 //m 

б 3000 х2 = 0.9 

= h1 = h. PT("Water/Steam", p1, T1) 

2000 h2 = һваї Px("Water/Steam", p2, x2) 

v2 = vsat Px("Water/Steam", p2, x2) 
1000 mdot = pi * d2^2 * V2 / (4 * v2) 
0 = -Wdot + mdot * ((h1 - h2) - V2^2 / (2 * 1000)) 
0 /| Using the Explore button, sweep x2 from 
0.9 0.92 094 096 0.98 1 // 0.9 to 1.0 in steps of 0.001 


X2 
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PROBLEM 4.40 


KNOWN: Water {lows through 2. hydraulli ic turbine With known conditions at the 
inlet amd exit. The power output is Specified. 


FIND: Determine the mass flow rade. 


CH&MATIC $ GIVEN DATA: — V, 20 






= - © 
(1) The Control volume is T, * T2 = 20% 


ASSUMPTIONS: 

at етту, E (2) Heat _— 
liqible 3) Changes г in temperature 

a essure m inlet to An аге 
eqligible Ct] Kinetic energy can be 
Десе at phe inlet. (5) The acceler- 

we of gravity | is constaut j 9 $8 [s *- 


Wey = 500kW 


9 24.81 m/s* 


T (OW [© m/s 
ANALYSIS: To find the mass flow rate, T" with ай ires Mass and 
energy energy rate balances 

О = "m, - m4. => mM, = ma S MA 


and 
О = = à. We, +m (de. NN CAM Cz, aus] 
where the enthalpy term is cancelled because of assumption (3). Solving 
| Wey 
‘WM = 
ولا‎ + g (2,-2.2) 


Inserting values 





(550 kw) [© | 


Cue ) xc + (4.81, y (10 
ш ои 


J 


vn 








[ky 
10? DEM 


1 


10,400 kgls ! 
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PROBLEM 4.41 


KNOWN: Steam passes through a well-insulated extraction turbine with known 
conditions at the inlet and exits. The power output is give. 


fuub: Deftevmie (о) the mass flow vate at each exit, and Co) the diameter 
of the duct wheve steamis extracted. 


SCHEMATIC $ GIVEN DATA: 


P] = 3MPa 
T, = 400°C 
(AV), = 85 m/min 





CRT 
i 


p; = 0.5 MPa , p3 = 6 kPa 
Т, = 180°С ху = 90% 
У, = 20 m/s 





ASSUMPTIONS: (I) The control volume vs at steady shte. (2) Heat 
tromsfer is negligible. (з) Kiùetic amd potential energy effects canbe 
neglected. 


ANAL Y 515: @УТо determine the mass flow vates m, aud wg, begin wir 
wo mess vate balamce | 


Awe”. 


At = M, 17 Ma- m3 > Y^ 4 = Y, -Ma (3€) 
Usirg Eq. 4. lo, with V = 0.0944 w/leg from Table А-4 
QV) (85v? / wi) |I мч 


= ы — — Ee ED — — d 
= 


7 ал 0494 m?l) | GOS 
With v^, known, CX J has two им luowns. Дуо Илем relation is coated 


usivg Fhe Dew vate balance . 


E p M +m, (he Жз 0) m.l + JRA) - SC һэ+ Ж وکرو‎ ( 
where ие indicated Ferms ave deleted based en the a su iplis - thus 
9 =-W + vel, - М-М C3 p) 
wiyh Ge) we can reduce (xx) as follows 
О = -Wey t mh, М = (ул az) hs 
== \Neyt v^. ( h,- Ws) = m2 ( ha-h3) 
Solving for ^4 
> ~ Wey + ү», (W,- Ma) 
Wu mE LI 
(ha-ha) 
From Table А-4 5 h, 23230A к(а and h,= 2812.0 l3 (lea. The specific 
aval e at 3 is deemed using Aata {rom Talole 4-3 
м. = n+ و‎ 6443 = 151.534 6.9)2415.9 = 2325.8 №114 


= 14.25 kg/s 
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PROBLEM 4.41 (Cent d.) 


Inserting values 
| kT/s leg ky 
— (11400 kw) + (14.25 =)(3230.9-2325.8) 


К l iew 5 
M, = ооа > 


(2812.0 - 2325.8) ieg 





M 


= 3.08 kg/s = 088 kg/h a — — — Ms 
Now , with m, = M, -M2 
S 36005 _ ~ 
W^, =(14.25 ka) (2*997] _ цовв = 40,212 و‎ үй, 


(b) At exit 2, with data from Table A-4 


A, = Үлә Уг (9.98 leg/s)(0.4045 м/у) _ 9 орәз m? 


V C20 wis) 


À = 4 Аз. _ | 
T 7 = 0.262 m da 
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PRoBLEM 4.44. 


KNOwA): Steam passes through an extraction turbine operating at steady state — 
with know inlet and exit conditions. The power output is Specified. 


FIND: Determine @ the inlet mass How rate (b) the diameter of the extraction dud. 
SCHEMATIC Ё GIVEN DATA: 
| ux Wey? 4105 ӘМ, 









„2 3 
Р 21600 ім 2 





T, = 1000°F | 
3 
7-29 — 
$ M 2.22%, " i 5T Url 
Р, = leo У X3 = 085 
T,* 'tso?F Vz 7150 ftis 
M, = lo #5 
ASSUMPTIONS: LO A Contd \ Volume саев + fur оле is at $ 


State. 2. Rye ما4‎ Ceman ادا‎ ۷0) owt) heat trans fac aud po the < отт 
efeck ore ole 
ANALY 915: (6) To find WA | ) op ply mass fate balance: mom, ba, 
Тм, Sin Mma о. у we ee мз [рс 0.478. Met, eppty aa 
enoro (xs belance: 
— V7 wa Chee] — (he iJ 
О JE v -Wey + wm Le Ne [= * mE 3 2- 


where yi po ҺА aide term; are Ov Lad "6 O Sfum ph о 24 Soluces 


Wey 


Mm, = 
*4 m Та БАГ”. + 
ce X10 к 1I рса 3] 





= 1246.1 Gt lo, wi Table A-3€ dare 


Now Tl A-YE, httg? Е lb, Ma 
: | : 22 а.з Bh/ lb. Thue 


hys huy +Y, Chog-hyy) = 61774 0.87 (0036 
(а. X o ВЊ/А ) 


è T 
Mrs А. Ot. 
м. p Сау | bee |) 7 — 0,2] 1246. 
| четв а S rft ET | 










|4 (o3. 
(2-)432.2] [27221 | 














E 44 Cim" 
0. 18[ 4-3 + = a | А 
= 1.41 x10" lbh Mi 
(by Using V = 3,228 from Table A-4E 
Ma U. (-22Y(141xto* ЬУ С3.228 4+3) | th 
А ЫЕЕЕ — — — — — — 2 2, 
UL СЕ 1| 232684 


Since A, = ede /4 


: [4 Az 5 [ CH ( 37.08 47) А 
da — TC * OO TX o te 6.93 ++ 
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PROBLEM 4.43 


KNOWN: Arr is compressed at steady state From a given initial state toa 
Given final Pressure. The mass flow is leuown , aud each unit ef macs 
undergoes a Specified process th going from inlet +o exit. 


Fito. Déevmine we Compressor power. 


SCHEM Aric & GIVEN PATA. 


чали арил Әна OO eee oe 





T= 200K 
P=! bar 
Wey > ? | суу =~ 4645 3 /leq 


ASSUMPTLONS: (1) The Control volume is at Steady Stade . (2) Each unt of Ы 
(D mass undergoes a process described b Р *7zconstaut, (3) The alr салд 

be — AS AM id eel gas.(4) Kiuetic aud potential energy effects are 

neg 19! е. | 

ANALYSIS: To determine the power, begiu with mass and energy rate balances 

at steady State А. 


А 2. о 
О = Qey- Wey t м [th - hs ) «s 25) +g 22] 
where m, = i, Em amd the indicated terms are deleted by ASS U mp - 
fon 4. Reavvanging amd solving for Wey 
Wey = m [Сас ) Ch ha) j (X) 


Now, spec ic enthalpy h, 15 read from Table 4-22 at Зоок: (д = 300.17 2 
Toget T, , we use €4. 3.56 with и 21. 21 






ch 





„27-1 


— — 


4 n: 
7a m Р, y -- Fa A 6 ' 
T = (2 > Tz > (2) — E | (2006) = 439,1 K 
Luter polating tn Table A-22; h,= 440.1 kT/kg. Tuserting values пл Gk) 


Wey = (4 ka.) | - 4645 К) + (300.14 - MIL 
y ( S | a ( 300.14 440.1 ) k9 ] | «т/ 


(2) Lm -750 kW | Woy 














I. The applicability of the ideal gas model can be checked by reference to 
the genevalized compressibility chart. 

2. The negatwe Sign for power denotes energy aus few” by work into he 
control ‘volume, ‘as expected. 
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PROBLEM 4.44 
KNOWN: A well- insulated arr compressor operates with known inler anctexif- 
States. The inlet volumetric flow rate is also known. 


EIND: Determine the compressor power and the exit volumetric How rode 
Р “ —— 120 bfl. 







C 1 
— Е LLL 
T*60*F (АЛ 2 T= 500°F — 
R z(4.2 btl 7 | Р, = 12.0 lb i 
фа) 21200 £t min fi n ay 520° 
////////// 19.2 lef 
іи 
uw 


ASSUMPTION S: (1) The control volume 15 at stead 
(D state.(2) Heat transfer is negligible. (3) The aw behaves 

asan ideal qas. (Ч) Kinetic and potential energy cha wes 

from inlet {о exit can be neglected. 

ANALYSIS.¢ To find the power, реді tn with Steady state. mass and energy balayces 


0 = А-у, + vh [Chad HEME аер] 


Where m, =m = (m. Solving for Wey 


Wey 2. үу Lh, ~h NE 
To i үй , use Eg. Ч. I! b ама the ideal gas eq uation of state 








Sa) POV), 
RT, 
m (14.2 tbt/iu> ) (1260 Hwn) 6O malj 144 w iell 
Ea: fH. tbe) ( s20°R) | —m | LO | ^ 99011 
29971 1b6-"R 


Thus, with h,= 124.27 Виль and ha = 231.06 Вель from Table А-22Е 
> (5304 12 )(124.21- 231.06) ea | 
h 'e | 2545 Bash 





The exit volumetric Flow rate is 





(AV), = WU, = via ( P2 n 
SS ee) (аро J T 


> (5304 lb dh 28.77 16-86 
( д түе GO Min (120 lot Lue) (QN cu^ 









= 202 f49/ rw gs 
|. The applicability ot the — gas model cau be checked by referane to te 


generalized compress bility chart 
2. {he ne yane 5 igm for power denotes energy {там ег iuto Ha umbel volume , 


As ex pect 
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PROBLEM Ч. 25? 


KNOWN: An охе compressor operates with чол power, inlet conditions, and 


exit pressure. The inlet volumetric Clow rate and We neat trauster 
robe per anit mass o Fair Clow are alse speciéxea. 


END: Determine the exit temperatu re, 















| Р | 
SCHEMATIC £ GIVEN DATA! W=-l0S hp Ta 250 WMfliué- 
: M су 
б 


— 
ы 


T, = 80°F ГИ 2. Р, 250 lbeliu* 
P = (4.5 tbflin™ | | p = 44:5 a? 
Ас) = 20 #7/< 1 | — 





Qu. 
a = 2.0.5 81u/ lb 


45У 
ASSUMPTIONS! (1) The control volume is at steady State.(2) Kinetic aud 


i kanges from inlet Jo exit are nesaligible. Сэ) The air 
0 potential enevgy C glig 
behaves as aw ideal 405. 


ANMMS15 : To find the compressor power, begin with Steady State mass 
and energy vate balances Р 


о 
" . 2. 
D= Qu- We +m Kh-h2) NA ас) 
ushere Mom 2 ул. Solving Lor ha 


Qcv Wer 
ha = چ د ا‎ — 


a 
wr 


То evaluate m, use Egß. I. b amed te ideal gas equation sf state 
- UV) _ ROV) 
m = —— а 
vU, RT, 


((4.Slbelin®) ( 2044/5 ) 


< (1845 +t. ib $Ч0° 
[2 reer gh R) 


“2. 
It 





Using data Leon Table A-2vE 
= Е ү _ /-(05 ^p ЕЕ 2275.3 W 
мі = (129.005) + (-20.5 ib ) (тт E) 3,00 < | kp 
= {60.1 Sha /1Ь 


Luter po lating Vw Table A-22€ win м, = | (o O. | Btu / (b T 
Tz = 664^ = 204° = 
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ak 
PROBLEM 446 
known? Date are provided for a R22. compussor operating at steady 


State. 


Боо De ternu nis F ho power resv red hg Y ho co mpre ssor. 






7; lOc 
av) = 0,8 m/min 
n qem | ©су = 0.05 Wev 
C1) The control volume is at steady state .(z) Potential 


energy сео can be neglec ted. 


ANALYSIS: Notng j hat Wev is ч а for а Compressor, و ہا‎ 
lead Tra ose from Js Ce а йш ки ый v2 Lee © — 0. OS Wey. For- 
S teeda - S X. opera fon, {\ mess ard ind 34 rate balanus Мааса td 
V 
О = Bey-Wey + e Û и + — “44 ы) | ж Ж 
= ر‎ s NEZ J 


=) i : $ — We 
Wey = @ оў Wey) + Сии М ШЕ; v | 0.957 





From Tokli A- Gq 7 257.22 кајру Из = 306.60 e3[E4 , л = 0.04431 31 9 y 
Va = 0.01147 MIKES. The mast Kow na de أ‎ 
mM = O, | 0-8 мз min = (lo, LIA leg / mc = 0,2102. kgls 
d 0.04434 wk. 
Further т р 2, n ( О 04 m)* -3 
A, = Ls : = 1.257 ¥10 
ч d | 
A, = 0.3192 x 10 73 m2 
Thus, the velodi: at the inlet aud ext ave  Yespechvely 


n E eoi m/min ) | л 
М, A, (1.257к(0 7% м Фо е 
3 
V= 5 _СО. 12702 4 (5УС0.02217 m / ka) 219,0] м/з 
2. 


2 (0/3141 X (99 м“) 

















The require Power is then 10.11 114,07 kT 
, _ (027019) ) (257. 11 -306. (00) ES + ( > = {төрү 10° Nm ] 
— 0.45 





_ (0.2702 )| -49.38 + (~0.12)] = l3]. 1 V 
ангу жа ee TUER 
Woy 


~ (4,08 kW << ———- 
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PROBLEM 4,47 


KNOWN: A Refrigerant 134a compressor has known condctreons at the inlet and 
exct. The inlet volumetric flow rate aud the Compressor power per 
unit mass of refri eraut flowing are also specified, 


FIND- Determine he heat transfer rate. 
SCHEMATIC $ GIVEN DATA: 






Refrigerant ISHQ eee س‎ 

Б =34раг J {| compressor || 2. R^ lo bar 

T; = 1О°С | 7 = 10 °С 
Av’) = 2,0 m/min l — AK — M Nr — NI — 


é 





Wey — 

UA = WSS AKT ka — 
ASSUMPTIONS: (1) The control volume is at steady state.(2) Kinetic and 
potential energy changes from inlet Jo exit can be neglected. 


ANMNSIS: To find +he heat transfer rate, begin with steady chate energy 
avd mass rate balances 


© = Quy- Wey +m [ Ch, - hz) VEG + 9-22] 


where ий, = V, = Үй. Solving 
Q cv = Yn LCS) + (ha-h,) | 
To evaluate m, use Ee. 4.11 b. and data for v; from Table A- 12, 


„ wv), 3.0 m/min 
АГ, 0. 0t S 76 ^ ka quS.lo2. ©] min 


From Table A-2, h,= 255. (oS Ie (es замд ha = 302,34 k3I/kg 


Thus 
day + (чың а [essa «(ran asas] (o (LY 


“0U kWe — | — Rv 


PS —— 


The negative Stq м vol. cat es that ke СИ СТИРТ Cee 
(5 from Me system . 


i 


y 


PROBLEM 4.48 
К Mow: Data are Provided fer a CO, Comps ssor opevating at 
Steed y Sta te. 


Ered: De А Tw power Arg vired 65 the Селу EU. 







ТЕ " А 
Co. | Qey = 06,2 Wev 
i 
= 20 Wof lin" P, = So of/ ги 
T PF 7: S80?R. 
ee eem = Bo ftls 
= 304th ® ® 


ASSUMP TONS: l- Tre contol Volume Shown in ths figure CS ot Stead y stale, 
2. Pee — 5 effech Con ha ignored. 3. Co, Co Vteda Sad оо an لمشلا‎ 

' ° e. ` f 
А асу SIS: Since eo — >r (€ qo nes gi aid d ingut ما ر‎ heat tran te 
frown the cowmresSee 0 dA © Qeys О.а Мс, . To evaluate Woy, مہ‎ duce 
{ча mats and eue "їч cate balances 


a. Ve © 
© = Gey —Wevy thf hoh + кы. +g ] 
Wn Rey = о. L We 


> Wm 

M ү, - Мз 
Wev = м С-да — ] 

O.B | 

Using data at th» inlet, fa marr faw Astro 


AY AMNA. p ( 03 [50 ts] CURA bia] 





m = . а 0.462. Wis 
Ws eT, ISI ——— 
4Ф01 lb 0р, 


ЭВ Vie „7 F/R mol Three 
Frum ТА, АЗЕ, hz HTT кО[кке! مار‎ = 36 377 / 








2 і Sha 
— Bin + [Gostls) своду et жеты! 
' (0.982 10/;) 44.0% lis 2. zartu He | | 77841 
Wey = к 


(о. 4%) Б + (79.11) JB > 2.87 Bh 
o. 8 | 5 S 


36005 | Ар 
— м реале —ÁÓ — 
— | bh | Nr Gtk | 


d 


. — 30.8% hp 
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PROBLEM 4.449 


ENOWN : Methane gas is comp ressed with negligible eat trausfer. А+ the 
(wet, pressure ر‎ tewperature aud velocity ave given. Pressuve amd veloaty ove 
Specified at the exit. The power input is known. 


EIND: Derevmiue the exit temperature. 








c VEN AL LL LLLI LL 1 учат 00 lk W 
== " r | : 
> Іра ( ! methane \/ п =45 kgl min 
A r у / ‚ (2) кесе 


7225 =298kK ^W 


V. 21S m/s — ر‎ 
IIIIII, “er? 
SUM ‚ (1) The contol Volume is at steady state. (2) For the control 
VolAme, Quy 20 aned potential enevgy effects are negligible (3) The me ame 
(D gas can be modeled as an ideal gas. 


ANALYSIS: By assumphonc3), h,=hCtz). Thus, using energy and mass 
rate balances we cam solve for h4 dud hence Ta. Thats 


© = AC = Wey + т^ [Ch,- ha) + (ENE) каса] 
cc 0=-Wytm[- ha) «t 5) (Y) 


The term h,-hz can be expressed iu terms of ezcr), as follows 
T 
И-й = J pen aT Сж X) 


One alternatwe {© evaluate Wae tutegral is use the funcdiom for co n 

Table A-21. The result would be a polynomial iu which 7, would be 

Аи биги. Using the recult iù соу ju cfi with Е.С), an rtevatwe 
rocedure бт om ed uatron—S ol ine Computer preda wowd be 


— | 


A simpler altevnatwe is to use the ИСТ) fuuctim for methane 
(included in IT, as follows: 


ІТ Code 


Т1 = 25 + 273 HK 
V1 = 15 // m/s 

№2 = 90 // m/s 

mdot = 45/60 // kg/s 
Wdot = -110 // kW 


(2 0 = - Wdot + mdot * ((h1 - h2) + (V1^2 - V2^2) / (2 * 1000)) 
h1 = h_T("CH4", T1) Н Result 
€) h2 = h T("CH4", T2) | T2=3599K_ Та 


1. The — e the ideal gas model сам be checked by refevence to the 
compressibility chart. М 

2. Carefully note the umit conversions veguired tn Mas expression. — 

3, This result comparesvery favorably wih the result dlotawe usirg Phe 
altevuahve келн nv live able A-z1 data, 
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PROBLEM 4,50 


KNOWN: Ди ammonia, Compressor has known emditions atthe iulet and ex ct. The 
Compressor power aud the heat transfer rate are also specifiecl. 


CIND: Determine the inlet volumetric flow rate using ammonia tobe 
aud ideal Gas relatienships. Discuss. ^з E 








Ammonia | 

P =20 lbf lin? Compressor |2 р = 250 ри? 

7; = O°F | 7,7 300°F 
Е 


Qey = - 5000 Blw/h 


ASSUMPTIONS: L!) The control volume 15 at steady state. (2) Kinetic and polenhal 
energy changes from inlet +o exit are negligible .(3) For the second part, the 
ammonia behaves as ам ideal дас. 


ANALYSIS: То begin, determing the mass flow rate by using the Steady-state 
mass amd energy balances 


0 
O = Qey - Wey tm [ Ch-h) «uU «gane 


Where wm, 2,2 Yn. Solving 





| m Ori (ж) 
From Table A-ISE; h,= 614.84 Gl«/lb amd h, = 760.33 6k/lb. Thus 
MEET | 





Now, Usihg U; = 14.078 £13/lb from Table A-1SE and Ea. 4-1 b 


(AV) > mv, =(2.342 14.078) = 32.97 HY ming AY 
CAmmonia fable) 


To evaluate h,-h, for an (deal gas , integrate. the Specific heat functor 
CT) for ammonia from Table A-JIE | 


— p Ts 
М.-М, = = Je taT+ Tt ET +E TAT 


= & [x CT,-TO + ё стг т) + a CTi-T, ) * (т-ту + (тет, 5 


With Т, = 460°R , Ta =TbO°R , amd toe fF iciewt values from Table A-21& 


Е Wie. “= 486 BH/ibmol-°R) o 
w^ AY (17.04 уко lb / Ik mel y (1329 «| 


2154.9 6hu/lb 


4-54 


PROBLEM 4.50 (Cd) 


Using this result with (ж) 


Es 3000) — (10) (2548) | dq 


Ww ($145 25 :2.2 lb] min 


Incorporating the ideal gas equecturv of state into zt t-t b 
(Av) = кат, = v CES 
5945 ft. 164 
= (2.2 le у 17.04 Il -°R )eteore) | hin 
Min | (20 ibg /u y | 4Y inè 


= $1.86 HH min ee 4 г), 
C ideal gas) 








Discussion: The fo deviation in ASSUMING ideal gas behavior ts 


of deviatiom = кыр tables — (А ut 


) ideal 9 


| oe 
(AY) — 


А Ес - 3I. 86 
22471 


Thus, the ideal gas model is reasonably accurate. To explore thes 
further, consider 


of deviation = ل‎ aaa — = e82 | а 
AM ables 


154.4 – 145. 5.5 
= e xtoo = 6.4°/, 
145.55 


The applicabili of tha (deal Gas model cau also be checked by determining 
the compressibility factor. for state | 
_ RV, _ Qo)|ia4] (14.018) 
AR 44| (14.078) _ 
\ Т, (SNS = 0,912. 
R ( oq) (66) 





| x0 = 34% 





For state 2 , "v; = 1.8131 92/1 from Table A- (SE. Thus 
z . (259 [i44 C.8190) . 


7 = 0.95 
e L945 
(7.04 ) (Teo) 


Both of these values are reasonably close to unity. 
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PROBLEM 4.51 


KNOWN: Refrigerant IB4ais Compressed ina water- jacketed compressor between 
Two kuoww states. The Wet volumetyic How vate , "put power, 
Oud cooling water temperature rise are given. 


Pub: Determiue the mass {low rate of Hhe cooling water 


SCHEMATIC £ GIVEN DATA: 


Cool ^9 water 







Refrigevaut (4a, if dM control volume boundary 


| Р > 2.4 bar i М . 
T, 20° Wey е ds kW 
AN, = 0.38 м? 
M 
Quo 
2212 bav 
Т, = 50°C Tg ~Th, =4°с 3 Ps æ PA 


ASSUMPTIONS * CI) The control volume shoun is at ee ee (2) There is 
по heat Асом ек" with Ye surroundtigs. СЗ) Kinetic aud potential energy effects 
сом hy neglected. (4) The cool Wag water is incompressible wih c = 419 kT/ ka.K From 


ANAMNSIŞ The energy vate balance applied to the oveval Compressor aud 
water jacket at steadi state reduces to 
Фо . & 2 | 2, 
© s By We + ves eau) мл (hat ا‎ каг.) 
. VA > r | 
NUN — F4 Ba) TA Me СМ + $ T3 в ) 


where aw =O by assunptron(2),aud the underlined teyms drep out by 
QS Su wpttew B). Sw ce the waker aud vetrigevahy Streams are sapavate, 
Y "us Ma. z Me 

Thus | | 

O 3 “Ww + Mg C Wy жулу, (Ma >` he) 

i .3.20 b for pre waler stream 
Applying Es 
han Ме = С СТА Тоу + ٦ک‎ CPI Ре) 


Inserting this result aud sowing for Mw 
` = - Wcy * We Ch - ha) 





c C Tg ~ ТА ) 
From Table 4-12; h,= 248.84 IX/ks , v; =0.08574 w?/ks and h,= 215.52 lh, 
Enaluahirg We Я | 
~ rr), _ (0.38 Min) LE — js 
me = "^". (0.08574 мэ; ( ьо 5 еа 
Finally, inseyhag Values iu CX) | 


| J/s _ «У 
— - (-2.6 kW) Hey +(0.07 34 6415 )( 248.84 - 275,52 


- "S 20.0378 5 Mw 
( 4.179 3 / 4 4) ( 4 °C) 


Q——— 
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PROBLEM 4 S2 


KNowNS Data are provided for a water- jacketed ai^ comprossor operating 
at Steady state. 

EIND: = Deternune Tha cooling water temperature lacreate for a Spee fred 
cooling wajer was few rate. Plot и cooling ала, е ~^ te umpera ture UA C9 a. (6 
versus cooling water mass Fow rate. 

ScHymatic 4 GIVEN DATA? 

Cooling water, 7A , 75 < mw $40 kg] wan:‏ ص 


amg om — o =P À 











Air 
n "ied 8 ad Пп We " IBS W 
T, *305Kk zi db did 
Р. = boka iL —— 
Т2 = 400K 18 ТВ, Pav 


Т S: (1) The control volume is at steady shte. (2) Heat transfer from 
the outside of Va cooling water jacket | is neglig ible Сэ) Kinetic and potential 
energy effects are negligible. Qt she air beads os ом ideal gas (5) the 
cooling Usoter is incompressible wit ф = Ч.\19 К/К: K fran Ta ole А-4. 
ANALY Sis: 0) The steady -state energy a for the ovewall compressor is 
О = а - Wey Y^. (Wye Vs, ат) = Yu ar +9 =z) 
+ Mm, (ha + VA" e аж) — ng Che + V& ^ 3*5) 
— v ل‎ 5. rtiz: 


Where the КЕК tex MS дхоў out bu ass umphons(2) and (3). Since fhe 
water aud auc sheawus are seperate 


Ma My, x Mair 
| di. ide ва 
Rus оа -Wa uu Cu س۷ + لیما‎ (ha-no) t) 
With Ocsumption S , t^ enthetpy кышк к ишш. Lon bar Con Ler found 
Using C4. 3. 20b: 


hB-ha = < (Te - ТА) + yu lts- f^) = с (Ta- 7H) 
Accordingly, ELU) gives 


TB -Ta = [ -Wev + main СА‹- hi) | 





c mw 


ia the. dais xt locatum 1 to evaluate Mair 











Бл „ &T) Р, ? „ I Winn) Qd kPa) m/min) (S6 kla) | |o 
aw — T, 
< | (829 EX (sos) — ЕЗ_\ (305K) pa m to? «m 
= 5T. {4 са / min 


Also, feom Tei. A- -LY |= BOS les j hy = 400: 4% kT KS 


Collecting vesults 
[+ (- 15S ka]e X G5s/ pin ) + (67.49 €/m ) (306.22 -¥O0 in: eales] 


TB- ТА 
un (4179 eleg.) Iw : 
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PROBCEM 4.52. C Contd.) 


or 
(me-a): | 3823.5 olen 
(4.174 ETES K) ew 
= 4147.43 kg: K/min un 
ww 
For the case of my, = 82 Каі илм j Te Ta > 1.2 I AT 
(part a) 


СЪ) Eguatien(%) can be plotted readily using a spreadsheet , plotting program, or 
n The UT plot follows А Ј азр Plotting program, 


(Ta - Ta) (°C) 
0 


kg/mi 
m (kg/min) 
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PPoGLEM 4 Ç3 


know: Water is stead. ly pumped through. ^ Piping arrangement o 
G ba ghar eleva ho^ where it i Bo dui е with a mRnown WAALS flow fake, 


FID: Deternuwae tha power required be the Pemp. 


SC HS MATIC 4 GIVEN DATA: 







s A — | 2 0,235 bc Line 
| Ta =o (°F 
| | М, =4 Oct/s 
| | | 
| | 
P= 14.2 b (м | | "id 
"T 0 | 32. ft 
THO 0| | 89 
z10fs — | 
=p | 
(AV), =20 a - "ET | 


ASSUMAP TIONS: 
|. The control volume сие ила тс iS at S Ped y stak. 


2. Pay the Co Хет! Volums, Qey ~o. 
з. Tho water is modeled 45 'ncowmpressiole. 
4 4 = 32-0 f+ {o> 


AMmALTNE: Reducing masc and Cuersy rak balances 
T + 2 t 
О Buy — Nev twl hih а + 4 (2,22) | 
, 1 
ә (Ww) = wLGs,-hp) > “iM + 4 (2-7) ] 


With acrumphm 3 and Са. 3.20 b 
(h,-h,)= CCT) wv CR -R) = (р - Ё ) 
= Д З = Lb YY in 
6. отееҷ ft) (35 (4.7) ef xin | وم‎ 
UJ bane ۰ Tv THA A-E. The Chase m S poetic Ici vate € 34 » 
| Sh Sh. 


є iibf = ыа 
х [ен Соно) jt sell nie "o 


0,000 Fe 


778 — |: (b 





and 
|= 0.08 Sm 


Я 4) | 1156 {п ; 
q (2-2) = (22 о ££ Y( yost) | Sarit | | Pred es b 


Tar mass (Хом rate is calculated using 











— (AV), T (о gal (min) 0. 13368 ы tw min 
илүү. ~ (0.01604 (e ЛЬ) laai || Со сес -2.18 lb/s 


Collecting results 
(yey) = (2.78 Lb) [0.060 «0.073 40.05117 S^ 


= 0.342. BAS e as 
-W 
= (0 Bia \|300$< lA | he си 
=( “sta 2) i iu = 0.55 hp 
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m 
PROBLEM 4.57 | 


KNOWN: Water flows through pumping system with lenown mkt aud exit 
conditions. The power required by He pump is also specified. 






FIND: Determine the mass flow rade. — — 
SCHEMATIC £ GIVEN) DATA: 2 A= 2.5 см 20.025 à 
І 

ASSUMPTIONS: (1) The control volume is at | | Р аР, = 1 bar 
steady state.(2) Heat transfer is negligible. | =20°C 
(3) The water behaves as an bc dm y ! 9 x$81 m[s* 

liquid .(4) The acceleration of gravity —— к 

(5 comstaut al 424.81 m(s% (5) The ld) Wey , 
temperature amd pressure are nearly ‚р 
constant through out. 2j d= 5,0 cm 0,05 v^ 


AMAUISIS : To find m, begin with steady -stafe mass and energy rate balances 
l XO. i 0 2. 2. 
O = Xo ~ Wey + Yn Lha) HO Gja glz, -22)] 
| . | 2 | | 
ок [бузда] A 
where M, = Mm, = "^. and the specific ental py evm ts ehmiuated based ow 


assumption Съ) and Eg. 3.20 b 
From 86. 5. За, ү = V^ V/A, ond CX ) becomes 


` | * 2. ` 1. 
O = -Wey + мл | avian = w^) " geen | 





` `_ 3 2. 
— WM VU NR ' = 
T Wey + 2 ( A ~ NJ + mea CZ, ©з.) ( ¥ +) 


From А = TNA*/4 3 A,= 0.000441 m? and А, = 0.00۹64 m2 Now, with 





















ve Uf дё” [,©осо8х о? м2 leg from Table A-2 , We сам iuseyt valuta 
(A C жу 
т : IT + WM Qe MES 0.000441 0.001۹64 | m4 
| oN |) «T ; IN (Г 
келшы сеш [Шс ыш IG WM Ys PR SM 
ierat (ае STARE) ез | creer 
ос | 





O = Blo — 1.0515 (0° vn? Loss (where vin is n kgls) 
This equatumn is Cubic im wm. The solutcrnis 


м = [5.48 4/54 Y^ 
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PROBLEM 45У 


kmowmw! Data are provided for a (water Pump operatng at Stead y 
State —— 


FınD; Plot the paessure rise from inlet to exit verres volume tric Flow, 


SCHEMATIC 261/69 DATA: 





T= 70°F 
P = Sin, 
4 <avrsSgalls A Р. 
2,22. E Wey = 42 hp 
>> 
ASSUMPTIONS: 1. The control volume Shown л tho schematic is af 


Steady state . 2. for the contol volume ) Ocy=O . S8. water (5 Ve dato d 
هه‎ in Core fs ss (ble. | 


AtSACUSIS: Tha mass rake елле. oS VM. = мл | . Cma the inlet oA exi 
Pepe dvawmeters ола tes Same tha Water © wmeouwpust: lle, М №; 
aud Foy Kinetic fe run Vawushes vw Xa € uer qa faka Vo ekan a / whack ve do 


' $ ,% 

О = fly -Wey + w [ и, = Ма МО + yp) ] 
Wi ha. Є. 3.20b Š 
h- his CI LT) + Y CA -R) 


Tuus 


l- We) = w ус -в)ј ® P-P = ( -\з<) 


m Y 


lw itn Mm = АУ = АЧ: ww , 


(P-R) = — 


(Av) ih евр || 1 44° 
_ (Zhp) | — — | i Gv. | | 
В al о.13368-13 | 
. 5144 Wf 
(AW) ive | сє) 
Е. (Ж) сол be plotted veadi ly using 14 . 


a spreadsheet, plotting program, or 


IT The [Т A ies Shown at phe ы ll ы 
right., 


(p2 - pi) (Ibf/in.?) 


2 


0 
4 41 4.2 43 44 45 46 47 48 49 5 


AV (gal/s) 


1. Since the water iS at FOr, oA! NN smail temperature difference with normat Surromdinya 
woutd lor oloserved. So, heat Haas r~ can ke ig rered. — 


2. Alternatvely Eq:313 can lee used to ootun the Same nesult, 
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PROBLEM 4.56 
KNOWN: An oil pump operating af steady stade delweus eil with a known 
mass How vate amd pressure rise from ulet Jo exit. 
EIND: IF pumps are avail able iu V4 -hovsepowev incremeuts, determine 


the Norse joule rating ef He pump needed for Mis application. 
SCHEMATIC $ GIVEN DATA: 





mM = 12, 16/5 
das ith. (V12) 4 
P-P = 40 6/1 
T is constant 


У E 


ASSUMPTIONS: a The control volume ic at steady state . (2) For the control 
(D volume, Qey *O. (3) The oil is incompressible, (4) The poteutial energy change 


trom inlet Jo exit aud the inlet lanetic energy are negligible. 


ANALYSIS: To determine the power b sión begiu with steady State forms 
of He Wass aud enevgy ‘rate balauces ,as follows: 


P . | 2. 2. о-у 
E рве 
clave. m, =й. = and cssumpbons(2) ancl (4) have been applied. Thus 


à . 2 
Wey = M | ch- ha )- Ye ] 





With Eq. 3.20b | 
o P, - Pe 
© Lh - M - CCT.) TU CP, 714) Ы е 
Thus 2, 
^" a У Ave Vz 
Wey = ~ | e 2 ] 


Using ЕЗ. 44a. with А = 774/4 i 
2 4 Y _ 4 (iz Vols) eda dde 
* ERAS (оо олз) nr C/ixy Н 


Inserting values amd моі As that р-р = —бр,-Р,У 











Ib, [ 240 Чил дам] (22. Ps)" | 1164 | 
Wey = (02 3) Loo Vo/ $331. حا‎ 2. 32.2 \e-H/s* 
- + چا‎ | ир 
ele, 4 89581] MPs 
" > | 550 — 42 hp 


Purp size = 1. 5 hp c hp rating 


ltt is assumed that there is a Small temperature atfevowe between Mie punp 


amd Hie suvroundings , so heat trausfer cau be иог. 
Z.Aternatively, Ea: 2.13 cam be used to obtain the Sawe result. 


4-22 


PROBLEM 4.57" 


KNOWN: Awmwmoni o and arr pass гул 
heat exchanger out S Heady ўњ, fer vay bu cL dace 


Defernune the mass flow rate of tan a'r 


Separate Streams ا‎ On 
are provided. 













Fi 2D: 
SCHEMATIC € GIVEN) DATA: г а Id ear 
N H3 : — 60 9C. 
Sup. . Vapor O pe — © Se. hgud @ — ارو‎ 
lu bar, OOC R= O kg 7 [4 bar 


NH3 


Arr 
г] °С, lobar 


© 
ASSUMPTIONS: 1. А control volume enclosing heat exchanger iS aT 
steady State. 2. Bry the Comtvol Volome , ev ыо, heat trads Pr 
Cow ha ig neor e d, and Aa rare по ло enersy efte ck are — ble. 
O3. Ar PRAT er о> on i Meet jas, 


APALTSLS’ Since te streams Flow 
[блк cute Ludi со Хао 2-6 steady Sto: 
An energy Cate balance (“о.о 


б) = = Mey ey ~ Кәр е -m yee, +46 ш] 
— [hz hy А, + qoyin] 


— | А BA E Ae | 
= R — — — 
ne- ИЗ 
From Tabie A- 15, hy = 1542. Mle J/ is Я Frown Torka A- -Ч, и = 352.47 к2[( 69, row 
ТА, ^- ъЪ | К 280.00 63169, ha = 315.27 Е2[єз. Then 


kg [ (S42.64- 552, {42.64 35241 [| d 
= — = 
Ma (450) № соо _240.(% („О win 5255. 4 <q = “А 


^" 


(55 | 
@ 





Л Ууу Г г ГГ 


the сей ашу ea of Maas 


a ciat t. 


The yalid ty of The idek gan model ù feaddly checked Osing the generalized 


і. 
CO mp ress: hilh chart. 
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PROBLEM 4.58” 


KNOWA): Refeigerant (Ha andcooling water passin separate sfreams Through a 
condenser (heat exchanger). The volumetric flow rate of cooling 
water and oer data ave given at the inlets and exits. 


FIND: Determine (ay the mass flow rate of R134 a. and (b) the vate of 
energy transfer from the condensing (2-134 ato the Cooling water. 

— — RAZ4a 

P= GO Ibflin~ 

T= 40°F 


— с» CE 0m 











— Cooling water 
i Ау) = BS gal/min 


Condenser 


= مق‎ AT» = IZ °F = 19° 






| A xO 
| Р. = (oO Ib (iu^ Fw 
Sat. ligwid 
ASSUMPTIONS: (1) The control volume is at Steady state. (2) Heat transfer from 


the outside of the condenser is negligible. (3) Kinetic aud pofewtial energy changes 
om inlet do exit are negligible. (4) The Cooling Water is modeled as an 
incompressible liquid with constant Specific heat. 
ANAN SIS : (@\ Since the 1340, amd cooling water ave separate streams 
RIB , Yn, = Ma € Me 
Water: Ma = Mgt mu 
The mass flow саде of [(2-3Q 0. is found trom the Steady - sYede. energy balance 


ғ Bey Wey + m (th -h,) ATE «qiu my ns-a) 4 4] 


= Mo Ch phy) 
P. (M, - la) 


Or 


For the water, using Eq. 3.20b 
© 
ha- ha = C (T.-Tr) + 25 (s P. 
1 л А) 
ш Vio 


From Table А-196; @% 1 6M/lb -‘R amd Us Ve = 0.6161 44/11. 
For the 12-039 0. | h = 129.53 Bin/lb from Table 4 - I2 € and 
h,= 27.24 Ghu/ lb from Table A- ПЕ. Inserting values 














0.13368 +? | Y i 
| (0.0161 #931 lb ) (128,53 —21.20) w/b) oth 
23008 ——— — MR, 
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PROGLEM 4. 58 (Cont'd) 
(b) For a control volume enclosing only the RASH a 
"PERS + mp [Chhat GEG) асу] 
where д а denotes the heat transfer rate for the (34 о. only. Thus 
Qa = mg Chahi) 
= -— Ib An) ( 31.24 - 128.533 ) 


© - 3.40 xlo? Bh/ h | E 
1. * negative value for Gg. — energy PETERE me ЕРЕС 
the (2-13 Ҷ о. +o Tas cooling water, as expected. 








PROBLEM 4. 59 


KNOWN: А steam boiler is constructed by assing a direc current 
through the stainless steel р! pe rough 
ls flowing. 


FIND: Determine the req ut red size of the power supply and the 


raw. 


which te steam 


expected current 


SCHEMATIC é GIVEN DATA: 





Saturated 
liquid Al 
//////// 
ASSUMPTIONS: (1) The control volume is at steady state. (2) Heat transfer 


Can be — Сз) Kinetic and potential energy effects аке negligible. 


: To find the pene reguived Start with the steady-state 
energy balance 


D =x, - We, + m [h,-h2) HE) £469 24] 
where m,z ma zam. With assumption (3) 
lw. = m Chi-h,) 


Fom Table A-3 at 2 bar, ha = А = а = 22.0(.4 кч/ка. T daas 


мы, (ossa) ii| Cur e | et 


_ ал15 KW E 





Than, wi 074 E49-2.21, Te Cu е е». % D 


I №]. ЕЕ ту W pes 
^^ LO volts | W[awp 
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PROBLEM % bo 


KNOWN: Carbon dioxide ts heated as it flows through a constaut area 
pipe. Inlet and exit Conditions ave known. 


EIND: Determine the rate of heat +ransfer. 


SCHEMATIC £ GIVEN DATA: 
carbon dioxide 
P 22 bar ——— n amr P 8.9413 bar 


l eee ee ———— 
T = Зоо K Qc ^ үз = 400 mjs 
Vr = 100 m/s ر‎ = 0.24 kT / kg- K 
d 22.S5cm = 0.025 т 


ASSUMPTIONS: (1) The control volume «s at steady state. (2) Wey 20.3) The 
duct has constant area, (4) Potential energy Change from inlet fo exit can be. 
neglected. (5) The carbon dioxide can be "ied dé au ideal gas with 

constant specific heats. 


ANALYSIS: Tofix the exit state , begin with the steady-state mass balance 
m,= Mm & юл 
AN. a Aa Na a> V = ) 
with the ‘deal qas equation of state 















е را > ع‎ = =) ( 25 = (428) (2842) 30 ok) 
= 564.8 К 
Evaluating the mass flow rate 
A Сут 
= CRT, Ip.) 
E "A mls) (2 bare Jho мім 11 kT 
А — 














(4.01 — T) (200k) 
= 0.1152 ksls 
Using the steady-state energy balance to hud Me heat Yransfer rate 


O = Сен э] +m [(h,- he) £O) наср] 
with hha = Ce CT, -Ta) 


Qc = үй | ep CTa- - + | 


=, = loo“ 
| 


= (0. 173242) jos pes 8-300]K + 


Te — | 
"a Е] | 10? N-w n \ 3/5 
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PROBLEM 4!” 


2 Data are provided for a feed water heater at STEAN] State 
(02 Debernune dhe mass Clow rate ^ C the Vapor Stream, wre. 


SCHEMATIC 2 Grove DATA? 


— — — — 1l 






Liquid water Water vapor 





Y5 °C 320°C 
а, bar 2 boc 
Й S ае и 
wu = 3.2. ¥10 k4 Й 
Saturated liquid 
ъ bor 
ASSUMPTIONS, 1. The contol Volume Shown wA thre schema he vo at Steady state . 


2. For {tua Cenn hor Volume, Wey =O ) and > heat trans Ga, wor th Has suyrouud'ns $ 
C^^ We ignored . Kinehc aud Po teuh «^ ©0643 ерес also Can let neglected 


ANALYSIS) А4 Stead y Stet thse mass ла ААА Ata مل‎ 
О = my, +My — v^ => Mg ES илр ee 


The energy تمہ‎ lbo alan ce |. fedus +o 


O= fk уа Cos Жз} tha (his ЖО) وما‎ (s کہ‎ th) 
=) б+ way hy + Mahe — 3 hs 


Iu وت‎ “з= Ware Wie 
. | : h, = E ee karhi 
Oz mikt W h, – Cmm ج‎ ( 3 => WAS CM c Na. 
í 
From TALA- Ф) h= 510.1 E/E. Ёл TAA. A-3, Из Sl. 47 EIES. 
wih Е4. 3.14 and date Far Hu A-| 
© hı x h4 (45°) = 18.45 kalks 
ma 


Thus . 5 kg \ | 501.47 7 (66,95 S kg 
— в کڪ‎ €—— —— rr — a НЕИЗЕ € 4 Че —————— 
MA a, (% 1. 10 lh ) *31t0,1 = Stl “1 ] Q. 468 Y (O0 \ 


L Using Eq. 3.13, WR (9€, 14 LT / lq and vA. = OG x10? kg/h 


4-68 


PROBLEM 4.62. 


KNOWN: Separate Vapor and liguid streams of Refrigerant 134a. pass in 
counter flow trough o well- insulated heat exchanger. Data are 
known at the inlets and exits. 


EIND.. Determine the exit temperature of te liquid Stream. 
SCHEMATIC € (GIVEN DATA: 








/ 
Sat vapor y" heat | =P, 
{ 
Fy = Ps 9777777777 ———— Р = leo 101си? 
Ty. = 7 / 4/44 // VEA Ad | m = ths 


ASSUMPTIONS! (I) The control Volume is at steady state. (2) Heat qransfer 
between the heat exchanger and the surroundings can be neglected and W.,“0. 
(3) Kinetic and potential energy changes from inlet to exit are negligible. 


ANALYSIS: To fix State 4, begin with Steadey sfate mass and energy balances 
to determine hy 

Moama 

MaMy . 

-4° vao А ©. ps “> е: 
О = Xey Was + m | (Abad ШУ £4 ву + WA A sl) DA ac, мба) 
with M, = M з | 
hu z(h,- h. ) + h 

From Table A-10E : h, 2 101.75 Bulle amd Р, = 21.203 bfl. Tuterpolating 
i^ Table A -12€ ; hi = 105.76 Bk«/lb6. 


States З aud 4 are both subcooled liquid states. The following approximatus 
are yeasonable | 


ns = er; 
hy = We r., 
with h, = 46.01 Bhu/lb from Table AoE 


hy = (101.15 ~ 105.76 ) t H6.01 = 42 руль 
Luter polating tn Table A-tog. 
| Tw 


Т, = 93.7 7 
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PROBLEM 4.6 2 


KNOWN: Air and Refrigerant 22 pass in separate Streams Through a 
heat exchanger. Data оло known at the inlet and exit of each 
SITCaM. 

FIND: Determine (a) the mass flow rate of retrigeraut and (b) the 
rate of enevgy transfer from the air fo the refrigeraut, 


SCHEMATIC ¢ GIVEN DATA: 














! : | 4~ heat exchanger 
ПЕ! 
Avr | TEE | 
A) = Цо m/min Um. +H} 2 А 
Т.227°с =300k | H T= 15°С -288K 
Р = 11 bar КТЕ Р. =l bar 
| ЫЗ 
iL | 
4| |3 К-22. 
Py = Thar 2 
r 215°C P = 7 bor 
4 X, 70.16 


ASSUMPTIONS : (1) The control Volume is at steady state. (2) Heat transfer 
from the outside of the heat exchanger is И ligible amd Wey =0. 

(3) Kinetic and potential effects can be neglected.( 4) the air behaves asan 
(deal gas ,ascan be verified by reference to the compress ibility chart. 


AVA SIS: (a) The mass flow rate of refrigerant м determined using Steady- 
State mass and energy balances, First, since the air and refrigeraut 
Flow as separate streams 


ти, = n5 = Mor 
m, = M y = WM e 22. 
Thus , the energy rate bulance reduces as follows 


„я? > | - d 
o ACC н s ho GEE gegen E go 
and 
Мы 
Me-212 = Mair RE 


The mass flow rate of oir is found using data at the inlet amd the 
idea | 305 equation ef state 


(АТ), РСА), 




















Maw = EV = RT, 
» (1.1 bers) ( 40 m/min) 16? Nm“ eT 
(Со (3e0 K) | Ibar | [to 5N- 


2847 kpk 
= 51.01 kg/min 
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PROBLEM 4.03 CComt'd) 


From Table 4-22 ; h,= 300.14 kill amd hy = 268.15 15. Further, 
USING data from Table A-g . 


hs = he t X5 hgg = 58.09 +(.10) (145.00) = 39.34 kTlkg 
Amd, from Table А - 9 з hy = 256.86 kT Ihe . thus 


= ‚1 i se oe ы ә 
R-22 Jimu КУ се Xb - 89.34 





= 3.673 kg/min - — — 
(b) Constder a control volume enclosing only the refrigeraut stream 











= 

E 
ЭЕ Q e222 Me-22 (hy- hs) 

= (8.613 kl mi (256.86 - 89.34) k Tl lea 

OSS wa Arr 


Opa O = Q g-22 * M g.22 ( h4 hy | 















COMMENT: Fora control volume enclosing only the air stream 
Qair T Nair (h-h,) 
= (510 kglmin) (2 88,15 — 300,19) kT/ leg 


| | = —615,3 leT/ mu 
Thus, 0, = = Qair ر‎ as expected. 
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PROBLEM 464 


KANON: 


Re frigerant 134 a 4 locos tumus h PN le ri zontot pr pe at Steady Stoke ر‎ 
for which operah^s data ore provided. 
Fiwd: Deterawne the exit temperature and Velocita jand the 


inlet veloaty, 
SCHEMATIC & CUEN DATA: 





© Dz 4em = 0.04 wm т 
Ri34a aes ee 
Sat Vapor, mS NC QE Gc E P,=2bar 
-8 C | й 
ус F9 еа Qey = 3.4KW е 
2 
OO” OE AM v 
ASSUMPTIONS: 1 The Control votowt Shown wA the schomahe ts ets Hady 
State . 2. for EI can tro d Voluuns, Wey =O 
poe eet energ y rov. tinle+ To eu ct 


and there ts ^o c وا‎ w 
NALYSIS: À+ Hea 


dy state, the mass rate balauce reduces to và, * VÀ, = ИА. 
The wet velou is found as follows: 


У; W^ ^7 4 MU 
АТ, > ' А, хаё 
with АЛ from Table 4-10 : 
403 Yuin) | TESI (0.0114 Mia) 
= | = 20.72 mis 
Ж (9.04 m)* 


e 


us 
Mi S 
Similarly, М. is found from m 2m, 65 follows. 
"dM VO AX; v 
WA, = AS = L S ы = = 
i үм. TP Аг, 7 Se => NW л V (x) 
Iuthis expression, U, and V, awe сирим. Howey, V = v СТ, Pt) i5 
Aue veo vv . 


— — 


Another relation LS ble ed usine а CHUL vs rate halauce 
О = 


ji 


\ ` 2 re © 
Bw уо mM [chha e Zl; ) + 409 ] 
Qey + m | Ch, - he) + TRA y] 


Inserting known values , including h, from Table А -to 
o = (3.4 ew) | 95] +(1 2 Уе 


=e тр A [ (242.54 - dE 
"E AL mis у =") 











ow led | 

2. 1 leg-m/(s* 1O7N-w CX X) 
where h, = n CC, PL). 
тар 


Laus (Э) and CX) сам ое Solved simultaneously by referring о 
A-\2-for U, amd ha as fumctrous of Tz алй Pa . The process is 
iteratwe. To avoid ttevation , IT Cau be used effectwely , as follows : 
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PROBLEM 4.64 (Contd. ) 


[T Code 
// Dat 





8 °C 
1 

=2 // bar 
4 // cm 
t- 
t= 


T1 


x1 
2 


© 


= 17 // kg/min 
3.4 // kW 


237 


do 
do 


/| Determine mdot 

p1 = Psat_T("R134A", T1) 

v1 = vsat_Px("R134A", p1, x1) 

hi = hsat_Px("R134A", p1, x1) 

mdot = ((pi * (а / 100)^2 /4) * V1/ v1) * 60 


// Find exit state 

O = Qdot + (mdot / 60) * ((h1 - h2) + (V1^2 - V2^2) / (2 * 1000)) 
V2/v2=V1/v1 

h2 = h_PT("R134A", p2, T2) 

v2 = v_PT("R134A", p2, T2) 


IT Results 


T; = 4.976°C = 5°C Te 
№. 


— — ي ا ب ا هي V2 = 24.08 m/s‏ 
V4.7 20.71 m/s‏ 





. These values cam be vevitied کہا اک‎ Eg. 5 СЖ Darel CH) With data 
from Table A-12, The results compare very favorably. 
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PROBLEM 4.65 


KNOWN: Water ic heated as i+ passes through a solar collector. 


FIND: Determine the mass flow rale of water and the number of gallons of 
heated water at چ‎ Collectors can provide iu 3o min. 


SCHEMATIC 4 GIVEN DATA: 





ASSUMPTIONS (1) The contol volume is at Quz Wy / Water in 
Steady state. CZ) For the contvol volume, | 150 Bh t? L ! 

Wey 3O Gnd kinetic and poteutal 
energy effects ave negligi le. C) The 
water behaves as an incompressible 
substance with c = 0.999 / lb. °R. 













tii ff £ Water out ^ 


36% toss | 
» at 140°Е , AR 


ANALYSIS: The mass flow vate is determined usthg the Steady -state 
energy balauce , as Follows 


: ` go a m 
0O7 бу ~ whey + Y Lh a) T ar ) t 9 C&, 73.) | 
Where. Y^, = My =m ° With су Ы а; = — aud 0.$$ Mp o. (3) 
OS as т О + va (hiha) 
0 Using Eq: 3.200, h,-h, = C CT, -Te) + Cpe). Thus 
| Qua — Q Voss 
C CT; --T,) 


From the given dok, бу = (So Ak. +) (32 H) = uBoo Буль ant 
бүре = 630) Qu = 178 Bh. Tesechua values: 


(4800-1728) Su/l | {ү 

(1 &u/Ib-*e) (30 E.) Ito ww. 

In 30 mù., one collector can provide the Collowins amount of 140°F water: 
m= J mde = At = (1.71 $2 )(30 min) = 5/.3 Ib/collector | 

Thus „Ике TTA (S | 


3 ! gal al 
apium sonis Ф] ا اع‎ ctas کے‎ 
V 2 = (51.3 “~Lantector )( 2.016 te )| 5.13368 F? 0.25 iedo- 


heye V, = Væ доор From Table A-Z& . Fite Uu ‚ for eiqWt collectors 


_ al). 
Мы = (8 collectors) (6.25 Ad 50 gal Уз 
[. Altevinatvaly ر‎ £4.3.3 Could be invoked to obtain the sawe result. 





= 
— 


Yn = 





Ё LZ tbl min Yn 
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PeRo&LEM 4.66 


known“: Data are providad fr a de Super Ito ter Operating at Teo is, {Та Le, 


EIND (2) For a spec. fried temperature for +e €n tying РГ vid, de termine 
fAqu.d mass Pow Asks (Prot fa Алдо: mass fow Asta versus toe dG ога 


jew pera tec? - 
SCHEMATIC GIVEN DATA 





T 
3 
p3 = 20 bar 
Saturated vapor 
v 
ASSOMPTCONIS: | A contol Volume enclosing fhe de super hety with ualet< 


aoe | and 272 amA ow exit ot 3 o at Steady state. 2. For the cedro Viluuw, Wey= О 


and We Хору with rhe Surrounding? Co^. ke (оге і. Kinetic and poten frat 
Quergy dM cn Corn be ignored. 


Ato ALTSIS: The wass A halance at Steady S tats Atado Me илас my | 
The energy cate balance at steady stats ^ч с as foil? 


o Ж a s D nae ]د‎ Ёла] - ]دد‎ ул] 


оз why mU Mom mima 


3elu ie fr- mM 





' . f h3-hı 
= {) 
үм, Mi I ( 


(0^ From Table А-4; h, = 3043.4 leT/leg. From Table A-3 : hs = 2799.5 kT lhe. 
Further, at T= 200°C , p,2 28 bar j Table 4-5 gives h = 852.8 171/5. Thus 


2799.5 - 30434 


W152) | sze- zmas | +128 ls 


Mz 





C part a) 


(b) The following IT code is used to develop data to emsiructa plot of 
M z US. Ta : | 


ІТ Code 


p1=30 // bar 
T12320 //*C 
mdot1 = 15 // kg/s 
p2 = 25 // bar 

Т2 = 20 //*C 

p3 = 20 // bar 


h1 = h PT(Water/Steam", p1, T4) 
О, h2 = h_PT("Water/Steam", p2, T2) 
h3 = hsat_Px("Water/Steam", p3, 1) 


mdot2 = mdot1 * ((h3 - h1) / (h2 - h3)) 
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PROBLEM 4.4, (Contd, ) 


IT Result for T2 = 200°C 


hı = 3043 kJ/kg 

- h2 = 852.4 kJ/kg 
ha = 2799 kJ/kg © 
mdot2 = 1.879 kg/s 





This result Compares very favorably with the result of part ca), Thus with 
e computer solution Validated , use the Explore button amed sweep 


Ta from 20 to 220° in steps df 10. The resulting data ave used to 
construct the fo lowing plot: 


(kg/s) 


m 


0.5 


0 
20 40 60 80 100 120 140 160 180 200 220 
T2456) | 
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PROGLEM 4.67 


KNOWN: An open feedwater heater operates with known inlet and exit 
conditions. The mass flow rate at eve wlet is Given . 


EIND: Determine the mass flow rate at the second Inlet. 
SCHEMATIC È GWEN PATA: — p=7bar 
X, =0.98 






P= 1 bar 
P, 27 bar 7, 242°C 
sat. liquid yn, = 10 1415 





| 17 
ASSUMPTIONS: 1) The control volume is at Steady state. (2) Heat transfer 
with the surround ings is negligitble,and Wey =0.С3) Kinetic and potential 
energy effects are negligible. 


ANALYSIS : To find m, , begin with the steady-state mass and energy 
balauces „ло. мо . 2 
© = AC, - Wert m, (h.t V^ a) + mz ( "AD +4 2.) 
- Ws (ng 4 21) 
With м+м. = Wis and assumption (3) 
O 2m, h, rMh- Сма hs 


YA, = Mi 


2. 


h3-h2 


From Table A-3, T, < Tz at "7 раг. Hence , state. | Ls Compressed liquid. 
Usus Eg. 3.14 ама dus hom Table А-2 at 42°C 


p £a | 








: ıo3 Nim ` ркт ; 
= 115.9 «т/с + (.оо8е xo) [ i 0.08268] bar | bar 105 Nm 








Further, from Table А-3 
„ = hpt Xahgga = 697,22 + (.181( 2066.3) = 2722.2. rl 
= 6 
3 


h 
h 97.22 LJ lles 


(16.6 - 697.22 
2 


697.22 ~ 2722. 


ج ع 8.0/= 
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PROBLEM 4.68 


KNOWN: Two ducts carrying aur ina veut [atu sqslem merge. into one. exit 
duct. Dataare known at the inlets and exit. 


FIND: Determine the exit temperature aud the diameter of he exit duet. 
D = 4 4+ | | 

V. 2400 fF ma 

түт 80°F 





— se ase sup cb 






Vga 460 Нии 





(а) = 2000 FP. 


Uz= 000 Huin булш pat atm = 14.7 Nof/in® 
ASSUMPTIONS : (1) Thecontrol volume is at steady state (2) Heat transfer 


with the surroundings is negligible , and Wey =0. (3) Горина energy effects 
can be neglected. (4) The. air’ behaves as an ideal gas with constant Specific heats, 


ANALYSIS То find T3 , begin with steady-state macs and energy balances 
А O , до 1 €. 2 ` 2 
© = XW, + үл, (b + tga) e ( hte +42.) + тй; Co tU + و‎ азу 
M, +3 п, =O => YA з = WA, УЛ 2. 
Combining and гисоү-рд inis = di 
А ү ‘ 2 * 
© = m, СА зу 5255 ] + Ma LC hs) ووم‎ ] 


Referring іо Table A-20& , с. = 0.24 Blullb-°R for the temperature 
range th this problem. Using Ah = АТ 


А . 2 @. 
Ó 2 W, [ ¢(7-Ts) | FW | ee cr, - 74) Hem yl (ж) 
The mass flow rates are evaluated using Be.4-4b aud the ideal gas 


e uation of state 





2. T (44 | "MP 
M, = AN: Ew Р. ош (чоо Himin) (19.7 beli p as гиз 
Qo 








Vi RT, (S45 Ф.С j T 
[834 ib- sg | (540 е) 


= 369.5 lblmin 
mae Ne + у 
| 2841 
Relurmng to Cr) 
Wit, +m, | т, + غ‎ ] 


= 158.8 lbl miu 


T, > 


(m, Mz) <p 
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PROBLEM 4.68 (Contd) 


Evaluating the lcauetic energy tevm 











VE Ve", (воот чоо) к 1 minè 16k | 
2. 2. min~| 3600 <? 32.2 10-9153 778 te bs 








6. 061101 Brush 
Inserting values 


0 


(369.5 bhain )(.2ч £r )(вчо°е) + (158.8) (Ly) (566) + (6.00111) 
(361.5 + 158.8) C. 2t) 
= 528 °e = 68°F 


73 
i ———————— — اا‎ ——Ó—— —— — e Bá 


To get D, j note that 


M, EM + ә = 528.3 Iblwin 











Thus 
АЛ; т | — 
A. = BM _ Rhemes., Pte )(528)(528.3) 
3 V. 7 ру; 7 = 17.57 #7 
z Ps3 (4.7) [144 [ (460) 
amd HAs 
D, = TX = H. 73 ft D3 


I. Note that if kinetic energy is neglected there 15 virtually 
no effect on the temperature at the exit. 
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PROBLEM 464 


KNOWN’: The electrovi'c components of Ex auple dE are cooled р aim 
Hewing doe tha edectromes eu Cui urt. 

FIND: Deternune the Хамо еге averaq-t run face t€ upara fu ve of, tha 
Components for ые SOW Speafred Дас are met. 

SCHEMATIC f Givi DATA: 


Alo See Rs. E48 
Т; 


are femper ature : 
Tas TT 
2 
hA= 5 W/K 





ASSUMPTIONS: 1. The ееси c component form the System, which م‎ at 
Steady state. 


ANALYSIS: The energy trons fa- feom the alec Components to the air 
by convectron is 


Qe: hA[T- Ta J 


i Steeda State, l0 ecir power provided to thee doch comp onent 
equals hea ела ^а. ило yt c еч hast tran sfr : Qe: SO W. Also, 
hA=SW|K. Sowing fe Ts | noting Hes T=243K and GS 305K (22°C) 


To = la € Qc. 





ИА 
Т ‘oS Gc 
ZŁ hA 
Ф T. „ (43 4309\ + BOW . sig (42€) ص‎ 
s £ PO gwlk 4 ) 


| Тисс Co lee оюму е осу Vly by apap ying an energy Cade balance fo 
O. system Consisting gf ctv electrourc C0 ve-p ow-ew 1$. 


2. Fev pats ойл |. ty | exces we upara Lv ез within {la АХ с улл eg are 
avoided iar com vol v9 H surface Kupera tare B. 
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PROBLEM 4.70 


kroowM: Data are provided for an electromcs enclosure cooled 64 an 
air ftew induced hy a Tan. 
F кюу Deternune +l. volurug vit flow fate o-f H^. air entering 4e fan. 


SCHEMATICE GIVEN DATA: 
res < 


— E 


T Wey 2 — [L 25w + 100w] 





= = I2SW 
= - бо. KW 
=35°C 
ASSUMPTIONS? l- Tha сем trol Volume schoma mco is at + teadey state. 


2. , haao tranepy w: thr Te Surroundings and Aemaic/ potent 
RaergY effet Can be (4 weced . 3. Ar vo inao dalod о Aan KEPE. 34$. 


ANALYSIS? At Steady stot. Mm, >. = m . The energy cate halance Areado 


a 
О = 8 = Wey + w [C -ha)+ VA. grt] 
ўе = ( -Wev ) 
ha - 


Ww, th VA = CAM, [у يىل‎ esis fu. 4 ممل‎ ann 44 оа ha 4 sip. 
mM x Car), Ё, 
RT; 
ng da. Aw.) metuding ential py Valens fran 72-009 А-1. 


= [RT (We) 
Cav), en h-i 

(B3 Sx (23 к) | ons ء۴3‎ | 
2 EJ 
Е (105 м/м?) | (808.2 - ME: 


Co lec ting nulh and insert 





rt l АТ 
Y xo 5 هه‎ 
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ak 
PROBLEM 4I 


known: Data are provided for a water-jacketed housing Filed wrt 
electron С componen ts 2 Wher 5 ats hady state. 
FIND! Dedornurne the Marimun Power input to satis Ly 


€. {АЖ on the te perature of the wate exiting the enclosure. 
SCHEMATIC & GIVEN DATA! 






i Д 
— “ЖЕ eee а а © 
Water د‎ Є! 2 = І 
22 °C ! | ectrov с! | I 2 16 ec 
T: l I 2... 
m,= 10 leg / mm 1 an | Р f 


LT 


ASSUMPTIONS: 





1. The contol voluma Shown wA the sche ила с iS at Steade, 
State, 2. Foe Contre’ Volome , heat wans hre with tta Turo outings cow 


Юа ignored ر‎ as Chan Kinetic / poten tnt ёк ч affects | 3. Forth water 
© endearing and ме К As а r Ê hx heCT). 


ADMAULUTSLS: A+ Stead y ЕЧЕИ илр илә E m ; An ёлег]у ©. balance 
feeds 


Oz Ba- Dw + à (Q8) + CIE +90 a J 


^^ (wha) 
v^ (he (Ta) -he E50 


Ф 


Wey 2 ™ ATE CAE м Geo) ) 


91 ve der 


i 


Wev 


gs 


2 (19 2) (32:53 - 109.07) | (90 5 ln (5 





® Wa > 2.18 kW е ——— 
l. Aer caf ee, Eq. зло witty C Erom Table A-1Q can be used. 
2. Bu the usual Sign convemtion , Wey represeuts power output, Hence, 

the Constraint on power input cam be expressed alteratwely in Terms 

of the toca ude of Wey ab 


o <| w < 2.79 kw 
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PROBLEM 4 T2. 


Кош: Data are prov ded for elechuruc componen ti Vuounted ہن‎ 

€ plate +hit are cooled he Convection do thse turrovudings aud 

water Ciralating Leche cx a tele bonded to th p late. Opeva hm ts ot 
Steady state, 


Суму: De lernune tre tribe dia we fer. 
SCHEMATIC GIVEN DATA: 


Convection a 


cooling on Q= -—0.0%%W 


< top surface 






` ` Electronic 


T, = 24°C ч components 
d < = A 
— Wey= — 0. S kW 
Vi = 0.4 m/s 
Water 


ASSUMPTIOKIS: |. А control Volume encloses the. plate~ moun led e lecho c 
comp oen Ts Und an inlet eb | awk an xit oa 1. 2+ Th. control voleva. 


heady chete. mo water а fering and амиа, WvhelT) vM). 
DR E өйү Pet Sm — е-е с ол. ^3 nored. : 9, 4 ), 
ANALYSIS! At Steady CX) va s, Sm. Also, 


m - A, Vi = (т< 0/4 JV 
^ Vi Cn) 


Oz Gc — Wey + v | hı -ka) + (240 را‎ 


e C Gev- Wev J = ( Gey -We | 
Ма-и Win) - he (т) 


Collect nq дээ WIXI 





4 Vi) (Qe - We). -We) 


Dew = 


кү L helm) 


With dete frac Table A-L) АД (22°С) = (1.0019/07) "1 ر وع‎ helm ) = $3.46 Iles) 
WR) 7 100.7 F2I; 





2 (4(1. 061 8 [оз ) #169 | (-о.ов- (-о:Х)) e3ls | 
Ж (0.415) (100.7 — $3.46) F23 
2 0.06084 m | 
- 0.84 cm ي‎ —-——=—{ 


Aiternahvely, the incompressible medel Con lex Uted, with C4. 3.20 lo aud 
с fun Table А-а. 
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PRogLEM 473 


E^ ow^: Date are Provided for elechmeu'c с 
inner Surface a bey vet. doct. @ ы с© 

wo ug. Ие nde e 
EnD: 


оми nigented mnte 
nent? aye cooled бу air Flowing 


De Heran the muni mun, heat transfer (ye Thre outer surfare 
pum ul en a Unat л Ara ج‎ Ars air e wg era {че vu sats fre d. 
SCHSMATIC 5 GIVEN DATA: 


Convection cooling on outer surface 





е 
Air М/о = — O.'2 kW 
T, = 25°С Т, < 40°C 
рі = 1 bar = ج‎ d ^ р» = 1 bar 
V, =0.3 m/s ‚ 
D,-02m : Electronic components 
* mounted on inner surface 
ASSUMPTIONS; l. The con tml Volume. Shown in ther Seche ma he iS at S teady 
State, 2. The M idest gas. 3. Kinehe and рони hot 
euorgy electi can he (4 ^ered. | | 


AVALTSI£: At Steady St, mM р=т ус м | where 


ye AU. Gevrl4 4) 


= a CCH = oron а 
SN ысул. 45. 
ieai eye 02480) ` 


Amn energy rate balance w 


i : 2 
O = Qey -Wew + e | Chis hı) у айы e d “А | 


Rey - Wey مما ل‎ (hi-bi ) 


* 


= Wey + w (^h(n)— ACT.) 
Sie R < 313 k (40°C) 


<. 


G? ey = (- 6.2. kw) t (0-011 DUES —X h (zase) | (&) 


< (- 0. reW)+ (o: ‘Ot EG — 2482) R | | 


i Kajs 
< - 6.034 kW 


kW 
| e3[s 








эш rr 


The energy removed bq convechio must be at Даай 0.034 eW. 
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PROBLEM 4.14" 
б | 2. moni a expands Mrougsh a vélve trom a known pressure 
and tewpovatave о a gwen hnal pressure . 
EIND; Detevmiie the exit quality. 
SCHEMATIC GIVEN DATA. 





pz (Ч MPa (1) sœ (2) = 0,098 MPa 
Ps LY bar X^ j— T 0.8 bar 
T= Sa ec 0X7 


АГ 
ASSUMPTIONS су A control volume enclosing the valve is at steady siak , 
@) The refrigerant undergoes a throttling process; h,= ha. 


ANALYSIS: Accovcuing to data from Table А-\Ч, at р, = \Ч bars Taz = Ко <. 
Since T, < Тар, State Iis in the compressed liquid veguon. For simplicity, 
Wwe Use Eg. 3.14 +o evaluate h, , asfollows: 
h = hemn) = 332.17 7/9 

where the value 1s olla led trom Table A-13. 

24 ass mption(z) | 

h, = ha 
= he + X; ngga 

Solving amel їй sertig data from Table 4-Nat p, 20.8 bar 


= h, - hg 2 
* ^f a. 


333.7 lT leg - 0.04 keT/keg 
1382.23 kT/ke 


= 0.2337 (23 Bj ^* 


|. Here we have ignored the effect of pressure on the Speectic euthaley of 
liguid refrigerant, We could have used Eg. 3.13 Jo estimate the eCtect of 
pressure. In Hat cate, h, would have been 332.44 (т1л, and the exit 
uality would have been X „= 0.2334 (23.39%) . Thus, using Eq. 3,14 is 
Por akeurate in his case, and the approximation of Eq. 3,14 is 
commonly used when refrigerahon Syskems are analy zed, 
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PROBLEM 4.75" 


KNOWN: Propane expands Hhroug h a Valve from a known inlet state toa 
Known exit pressure. Ф 


FIND: Determine the exit temperature. 
HEM Aic АТА : — 


I / X 2. 
ASSUMPTIONS. (1) The control С 4, P,20.SM Pos S bar 
volume 15 at steady state. Р = lle MPa = — 
Q) Heat transfer ie negligible T, 2 109€ 
amd Wey 20.(3) kinetic and Ory pane 
poteutial energy effects are 
negligible. (thretthing process) 


ANALYSIS: Ти accordance with the assumptions for a throttling process , 
h zh, . Using date from Table A- 1€ 


h, = А, = 50,5 kT [lea 





Interpolating in Table A-I% ot р, = S bar , h,= 568,5 Е 
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PROBLEM +76 
kwow: "Date. are provided for a theroftlins cal or ime la a Hached to e 
large pipe CA CIR AA 2 han - p hoa Ana uid ~ Voorn nature. Ópera hen rs at Steady 
shte. The substance is О. | 
ENO: Deternune lw nange 4 tlic Cel ori me be t tempera haves 
f w Ud САА Хил do мсл. Cow de gvality 4 Sea ил tw tar peye 
Ane Corre сүзө ding range 2 S462 que Ды Values, | | | 
SCHEMATIC & GIVEN DATA: 5 mallest x, 
ССС larget x, ( X, 21.0) 














T 
X brettling 
Calor уле jir 
| | highest exit 
*i 0.1 MPa : eT Tenn: 
Ta) — | | 
R = 0.1 Mf. | IR *— lowest exit 
| temp. 
ASSUMPTIONS. 1. The control Volume Shown in +hs figure is at Stead 


State. 2. Ths Oxpansion Here ug Hoe ca смге {а adheres tothe throttling ` 
process wodu : MiR Mp, where h= her +x, gigi): | 
Ato Кы С ү: Gath assumphm 2. 


CR, Pa) = Neit Y, CAsi- ^g) ! Ct) 


Where ku Ste. ot the ont fs fixed hg Te, P, and thus most e^. — 
Vapor or w Ww Алим | Sa Tuv xd уол, Alio, Tre quee tà X, о ALG о 
+o be Zoss than or, мл Ме Linnt, egual Ф ^O, 


| j tare, h 
Rafer ring to > Tv Чол галл, flo lesbke wv +t Hapara / J 
Corres do to o~ steam quality o + LO: Theat c К with dat. fran r9 A A-3, 
Е4..01) Fives 
= 2778. 1 t 3[t» 
Te dero ( А) ы. 700,0, А-Х at о.( M fa. qiu Th = (SIC. 


d 
Thre Lowest agit ewar af €, Te, wrrespwda to د‎ : Е. 
/ Keni Rag The Co V ov iv ефек, €or ww um. М, 2.675, 5 «Jeg and (2 = 7.6" 


(24:61) que 


hz — hfi 2 2675-5- 762-41 _ 0.949‏ 2ر« 
ngi— he 2015.3‏ 


Dn Sum ww 


44. C 
0.444 < к © LD 


(^ 


Tae 15: °C 
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PROBLEM 4.71" 


KNOUSA) : Refrig erant [34a expands +hrough a valve froma known inlet 
state to a known final pressure. 


EIND: Determine the exit temperature and quality 
SCHEMATIC $ GIVEN DATA : а 3 
ASSUMPTIONS’ (1) The control Ыр _ y 

| 2. 


volume is at steady state. pec 

(2) Heat transfer is negligible, Y ` — 
and We =0. (3) Kinetic and 5 MO bii Р=50 SE 
poteutial energy effects are Т. 2 ¥%0°F 

negligible. (throttling process) 





process, 


ANALYSIS: In accordance with the assumptrons for a +thrott ling | 
hı =ha. From TableA-11€ ‚ T < Tsare uo Шеки: THUS, the inlet State 1 
in the compressed liguid region. Tgnodring the effect of pressure on the 
entrolpy of the liquit, Table А-1ОЕ gives 


h,= hg (80°F) = 37.27 Blu/Ib 
Sia се. ho = h, = he, + Xo Ағза , data from Table А- ЦЕ of SO Ibflin® ауе 
ha- £2 
fd. 
$1. 41 — 24.14 
03.74 


= 0,159 че — —ñ — 


ERE 0.2 FF RR) 


X47 
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PROBLEM 4.138 © 


Known: Steam ош Jhroush a well-insulated valve from specified inlet 
conditions +o a known exit pressure. 


FIND: @) Determine the exif velocity and exit temperature for a given ratio 


of Ги [et - 3o - €x vt- pipe dhamefers , dà, Jaz. C b) Plot tle exit velocity, tenpera - 
ture, aud specific enthalpy versus 2.14. vauging from 0.25 fo 4. 





SCHEMATIC $ GIVEN) DATA: | т A 2500 ie 

Р ғ Soo ef P27 <99 баё 

dé 025 > ©! 4 

Т,= 500°F | | da ` 

Ду= 1 й. 0.09333 1+ m 70.1 lbs 
ASSUMPTIONS: (1) The contro! volume is at steady state. 
(2) For the control Volume, Qey TO and Wey =O. 
(3) Potewtial energy effects ave negligible. v 


ANALYSIS: (a) To determine the exit velócity ; begiu wit the mass balance 
QA d 24. 4.1 b: m 2 A, =m, and 

A VT A Vz. zs A WM es di м 

Ax > Sx wo) 

Now, Му / Nr, = M/A, = AMRA. Tusevting valueg 


Vv _ (4) си tbls) 


—— — #0. 
v, = = - KR (.08333 fr) nek 


Thus 
s 2 d e. 
\ = 7 ( ££): UCT pa) (1) 


aud, with V 20.942 Ф301 from Tule А-4Е 
V7 = (20. 17 )(0.322) = 20.01 4Hs 


From (1) we see Mat it is necessary to fix stufe 2 +o waluate V; . Another 
relation is ободе from Hue energy balquce at steady state. 


.40 .»© EL 2-2 © 
o = AM + Ил оа) HM و و ر‎ cgi 22) | (2) 


z 
| V, = 2с, - ha) + VI? 


wih h, from Table A -4& | 


= | ‚5 hT, A btu — ЊЕ __ | she Ы (3) 
v= ја [1231.5 - hp) тй се [тө er Tu] * Goo! Ms) 


Equations (1) aah (3) cam be solved Simultaneously sing data from Table 
A-4e and ам itevatwe process. The results «Ye {or 414. = 0.25 


T, = 434.6 °F 
V = 5.140 fils 








4-84 


PROBLEM 4.18 (Contd.) 


(BD The following IT code can be used фо solve Egs C) and Cz) with the 


associated data for steam: 


p1 = 500 // Ibf/in.? 
Т1 = 500 // °F 
mdot = 0.11 // Ib/s 
d1= 1/12 // ft. 

p2 = 200 // Ibf/in.? 
dratio = d1 / d2 
dratio = .25 


A1 = pi * d1^2/4 
mdot = A1 * V1 / v1 
V2 / V1 = (41 / 42)^2 * (v2/ v1) 


h1 = h_PT('Water/Steam", p1, Т1) 
v1 = v PT("Water/Steam", p1, T1) 
h2 = Һ PT('Water/Steam", p2, Т2) 
v2 = v PT("Water/Steam", p2, T2) 


0 = (h1 - h2) + ((V1^2 - V2^2) / (2 * 322 * 778)) 


[Т Results for the sample 
case of d4/d; = 0.25 


T2 = 434.2 °F 
V2 = 3.139 ft/s 
ћ = 1231 Btu/lb 
V4 = 20.01 ft/s 
V2 = 2.490 ft?/lb 


Using the Explore button , sweep Aratio from 0.25 о 4 Il steps of 0.25. Then, 


construct the follow ing plots : 
800 
700 


15 2 
94/4 


25 3 35 


1240 


1230 


1220 


h» (Btu/lb) 


1210 


‚1200 
23. 9 
81/4: -— 


1.5 


440 = 


430 





ا 400 


0 05 1 152 25 3 


91/92 


Note thet оо 4[4. Ө) comes 
large. dha throttlin cars 
ascumphims (pp. 191-192) of 
negli sible Kinahe ener and 
магу OAR not E 


PROBLEM 4.79 


KNOWN: "Dade are provided fr a valve and turbine wm Serves, Cach 
Opern at Steady State, 

IMD: For the Юе Юга ) Уе R лр ега dure «+ the inlet 
Gnd he Power developedper unt Wass e Steam олма. 
5снтматс à GIVEN DATA: 








Power out 
x ae a 


Vom 
P p; = 200 Ibf/in,? Pz = 120 Ibf/in.? ( 
Т, = 600°Е 


рз = 1 lbf/in.? 
V x3 = 90% 


ASSUMDTCONSS: |. Control volumes at Sd Sta. enctost Ha valve and ta 
tur bine | рее five ly | 2. The M&pansion across th. valve 2 a throttling 
pouss. 3. Hee teer wilt {ta surroundings and einat /peteah A 


PRO elects are. negligible Я 

AN дыт; Conuidering The valve р mhata tepansim w a Hatting 

pouss; we have — haw hy. = Wih date vo^ P 4-чё, | 

hi7 1322.1 Bib. “Then, „роо at 120 loflin j Тг & 587 Ё 4 72 
Mass and месу Asta helances бүчү хед to {ta tarbin Aso. 

Most Was V^ 


2 

Vey e [ Cheha) E 3722 J‏ یکم د م 
pus‏ 

> Wey = nL hi-dr ) 


We = Lh 


у 
“Then, رں‎ thn. data fena Teta A-3E and = hy 
h, = Wf + % Ch4- ^4) 
= 67.744 0.4 [1038] = (092.1 Bh./ l4 
Finally | 
Wey = 1322.1] = 1062 .] 


E Wey [уй 
= 32e Bh/bb 


^ 
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PROBLEM 4.80 


KNOWN: Refrigerant 134a passes through a suction line heat exchanger 
andan evaporator, Data are given at various locations, 
FIND: Determine the heat transfer rate for a control volume enclosing 
the evapo rator. | an, p "36min 
pa = 15 їлп. Suction line 
SCHEMATIC 4 GIVEN) DATA: 


(4) heat exchanger 
„> a 
i A p, 







t | 


| 
i 
| : 
NAT OEE we! (3) 
AT ЖЕ, 


рз = l5lbt/in.? 
Saturated vapor 


ASSUMPTIONS: (1) The contro! volume is at steady state .(2) Heat transfer. is 
negligible between the suction line heat exchanger and its surroundings. 
(3) Wev *O . (4) Kinetic and potential energy effects are negligible. 


ANAMNSIS: To find the evaporator heat transfer rate, begin wit the steady- 
Sfate energy and mass balances 


o 
` ‘ о | Жү; © o 
О = Qc, - Wey + үл [hhn + Уу, 9 (24-z;)] 
where v, sms, = mag = my = Үй. Thus 
iw = m (a - lazy 


From Table A-u& , h, = h - 2 = 94.66 Bh/lb. To find h 
write an energy bala vice fSt a S SI volume enclosing the heat excha nger 


O= vh(h,-h) + M(h- hq) 
dd M, = м+м, - Мц 


From Table А - \2E, hy 104.38 бул, and assum a, hw heta) 





Tem 





Po = 15 Ibf/in.À 


Evaporator 


Wa = 3844 + 44.66 - 104.38 = 34.279 Blu/lb 
Now, with U = 3.1680 471b, the mass How vate is 


- QN). (3.6 Гы) Joo mi 
Mm . GN), — i UAE bad ad мы MEUS 

Wy (3.1680 $437 ib) eae 68.18 tbl h 
Finally, the evaporator heat trauster vake is 

Qey - (68.19 е | (94.066 - 34.27) Ви 


PROBLEM 4.8 | 


Known: Data are provided fw a flash chamber operating at Steady 
Skate. Saturated Vapor and Saturated )یو مگ‎ Seams Oc t at posture P- 
Find: TF p= 4bar, dels aca the tas Li үсе inia: gie trating Shears. Pleat 
the nass Fow Asso a The extins бедил) versus (73€ р I< P<“ bar. 
SCHEMATIC L GIVEN DATA: 2 

lo bar 













Saturated vapor, 
pressure p 
t 


R34. 


Р i<P<4bar 


Т, = 36°С 


ту = 482 kg/h | 
Saturated liquid, 
pressure p 
i 
[ 2 
ү 
ASSUMPTIONS. 1. The Control volume s Lown m Haa acco ruy AKAD IAS Ags are гї at 


Steady State. 2. Fay the cartel volume, Wey=d , heat trans fe wrth tee 


Surroundings 5 петао е and Parc [poten d еко уу) ejfe ch Can be shored , 
3. For te “liquid aeWdtering aÑ lj n, ж ИСТ). | 


ANALYSIS: Poy tha contol Volum, the иле fat blanc, at Steady уіл і qvo 
mM, = tW > or mg = Mjema. 


Pr. ем ev y лал ba lanen Ааа саз To 


O= Bf, - ус + D 244] - en E ег] “gis "XC Sms) 


А м. ~ NR: 


Yr. - 83 
(4) From Table A-10; h,= ht C36?c) = 100.25 КТ/Ед. Also, at p= 4 bar, Table А-и 
gives; h,= hC <a bar) = 62 ЕЗ lles aned l, = TE bar) = 252.32 kT [len, Thus 


(100 .25\ ¬“ (252.32) 


m, = (482 53) 2385.1 ЕЗ a 


C62) - (252.32) 


From above 


Mg й, ил, = 482-385.! = 46.4 kg/h amr, 


Cb) The Lollewing IT code can be used Фо geneyote deta for plots of wig and m3 
Vsus p: | 


IT Code 

p1=10 // bar 
T1236 //*C 
mdot1 = 482 // kg/h 
p=4 //bar 

x2 =0 

x3 = 1 


mdot1 = mdot2 + mdot3 

О = mdot1 * h1 - mdot2 * h2 - mdot3 * h3 
h1 = h PT(R134A", p1, T4) 

h2 = hsat_Px("R134A", p, x2) 

h3 = hsat_Px("R134A", p, x3) 
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PROBLEM 4.81 (Contd, ) 
Using р=4 bar asa s anple case 


IT Results (p = 4 bar 
m» = 385.1 kg/h 
ms = 96.87 kg/h 

hy = 100.3 kJ/kg ` 
h, = 62 kJ/kg 

h3 = 252.3 kJ/kg 


These results compare very favorable with Those of part(a), Now, using Ме 
Explore button, sweep p from | to 4 bar insteps of d.l bar. Then, the 
following plot саи be constructed : | 


. 900 





` 400 


300 


m (kg/h) 


200 


p (bar) 


These plots imply Hat as the pressure in Me Hash chamber р іу decreased a 
greater fraction ef phe inca mina liquid flow “lashes! HW satuvated 


vapor. 
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PROBLEM Ч. $2 


Known: Arr flows through two turbine Stages and an juter-connectiing 
heat exchanger. A Separate hot air stream passes mM counter flow 
through the heat exchanger. Data are [known at various locations, 


EIND: Determine the temperature of tke main air stream exiting the 
heat exchanger and the power output ef the second Turbine. 


SCHEMATIC £ GWEN DATA: 224 ЧИШ | 


annt 
-— 


і 


2 | 
T ^| Wz = 10,000 LW! p Wee? 
ASSUMPTIONS : CL) The Control | read i | — TAN 
Volumes are at steady state. | | | | 
(2.) Heat fraus fec tothe sur- — ао | 
roundngs can be neglected. ees бе 
(3) Kinetic and potential — fa РЕ" 
energy effects are negligible. б, — AVAL 
(4) The air behaves as an ! 2 | а T 
ideal qas. (5) For the heat 7 =/400K | T, = 780 К 
exchanger, Wey 20., Р, =20 bar — — Р Р, = [bar 
V 121200 К aie 152 /480K 
f= 1 bow in B= 135 bar 


Mee 1200 kg/min 


ANALYSIS: First, find the arr How rate at 1. Begin with steady-state 
energy amd mass balamces for turbine | б 


OHE- Wa, mh, [Gh EAs асу 


amd — pow -m, > YA = 
Solving {for m, 
— Wei 
` (heh) 
From Table A-22 5 h = 1515.42 Teg amd и. = 1101.07] lI lk . Thus 
(10,000 kw) tt kas | rere ys 





my (1515.42 - 1061.07) Л, | | ew 


Turni ng мехї to the heat exchanger 
W, Ma = Wy = My 
. MS ез 22. о о, 0 
© = Bhi Wey + Waal (heh 3) AS )r4t Ar vlc by) WE ) +4 75-2.) 
© = m, (М.-М) + ms (hs -he) | 


or ha = h, + ms (hs-hy) 


Aga, from Table A-22 ; hs = 161.79 КТІ amd h, = 1277.79 lez lka . Thus 
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PROBLEM 4.82. (Cont'd) 


h, = 1161.01 LAS 

| 26.22 (16 _ 
1349.3 e. TUM m] и.14 – 1271.74) 
Jnterpolating in Table A-22 


Ta = 1501, 5К 
T3 


|} 





Now, ir iter 
iting the Steady - state energy balauce for furlbine 2. 


О = 
Жу - We. t т; сь, ~hy ) BEB эсу uu] 


Wi, = м; Ch,- hy ) 
: 2 
rom Table A-22 j h,= 1023.25 k3lks , and 
g _ 4 
t = (28.22 kg/s )(1394.% -1023. 25) kT /ky| 


Or 


kw ны! 
"n" | 0975 
Wta 
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PROBLEM +63 


KNOWN: Steam is developed from a. water Stream by energy transfer from 
oven exhaust in a waste heat recovery steam generator. The 
Steam then expands Hhrougha turbine, Tate are known at 
various locatuns. | 

FIND : Deler wan € the power de ve (оре bo the turbine, evaluate ct 
economi cally on an annual basis ) aud Comment. 

SCHEMATIC & GIVEN DATA: 





oven exMaust 
Й Ta 2 360°F 
(AV), =3000 H fmi 






P,740 ғи 
T= 320° 









| — | 
Steam P Qj م‎ = uz if X42 0.90 
generator water Т, z 2209F 
ASSUMPTLONS (1) Both control Volumes are at steady state.) Heat transfer 
is negligible between each contro! volume and its Surroundings , and Wey О 
for the heat exchanger, (3) Kinetic and potential energy effects ave neg- 
Ligible .(4) The air behaves as an ideal gas, at a pressure of 14.7 Ibt int 


ANALYSIS :@)The turbine power Can be determined trom am energy balance 
once the steam flow rate 15 delermined. Begin with a steady- stade energy 
balance on the steam generator 


O* WA -Wg > Wy = Mg 2 Maus 


О = “у-у. È Y, = лз 2 M а Ул; о 5 
Q9 aD . 2.4. 2 яо V 2 
© A -W + Moas LL - hg] 6 меба. tMg TES S ус 
: ШЕ Cha-hg) 
Uis EO) 
The gas flow rate is 
(Av), _ Pa (AV) a 


шә S 
- E) 





R TA 
(14-7 fi E K3660f4 3/ mi.) [144 ® | 
Е 345, EN (820 °e) үт: = 1452 Ib miu 
$31 1b-°R 


jai Table A-22E hy = 196.69 Biu/Ib amd hg = 1117.23 сна бн бов water, 
m Table A-26 ; P>P. o p >> compressed liquid. “ius, h,= hp 210. 
= 199.2. 6fu/Ib. At 2, Using Table пає; h,= 1196.8 Sia/lb. The flow meis ^ 
| (146.6% - 177.25) _ 2.8 lb [eA 


Mep = (I4 52 tbl mu) (196. @— 189.2) 
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PROBLEM 483C Contd.) 


Turning now to the contro! volume enc 


losma Же fJurbine 
> 9 ` 2. 2 e 
Os - We + s+ (Ch - л E ANA 
W, = Wi st (hr hs) 


Using ids frown Tata A-3E 


ha = he + Хз (heq) = (434 0-4 (1036) = 10021 Bh |b 
Tuas | 


Wt = (2.8 Je) ( 1463- (002.1) po- e| dius | 


Lh 1543 Btu/h 
= 12. $5 hp 


(0) Evaluating power ot 8 cenk por kW sh , +t veto fe 8 oooh 
of opera Н мх anu val ly Uo 


ر سإ 


0.2482 kW 


— —— 


D 


Ж = (о. 25р) 











( {ооо h \( Ü 0. OF | 
dear kWh 
- #133 / yen 


velie |¬ thet this value would Covey ae 
Copi tor aud opera Kn 


I4 c 


Costs assoccotad with the 


0 vada Sy seu, Arc cards “у, even ое To 

oven ay east Иа» a therr dig ranuc pote tv -fo ч, 

the подол а uw wot likely Ы kbe Sypterted © 
T | Һә ecmemrac €9v (dara hi nee, 

Abs (^ pene l^ 0-49 owing 
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PROBLEM 48 4 
known: Operating data are rovided fo- tdenthat heat 
at Pind iini —— — — 
E/MND- Delynau ما‎ Asta. not tran rfar he tween the Co mua SS 
aud th, pee Also defy nuna the coeffi e ent { performance. 


SCHEMATIC f GIVEN DATA 


Return air Heated air to 
from house house at T > 20°C 






рэ = 8 bar 
2T h, =270 KJ/kg 


Power input 








Maz 4.6 £e to compressor jM ele 
— \/ Expansion = 2.5 kW 
P Compressor Д2 «e—— 
/ N valve RI 
34a 
Evaporator ру = 1.8 bar 
4+ T,=-12°C ! 210°C 
Air exits Outside air enters 
at T< 0°C at 0°C 
ASSUMPTIONS: |° Control Valumes en coti ^4 the compassion An i05 эх М 
h nergy 


gıda 4 thre Condenser are ~b steady state. 2. Kinehe and poten 
Can be ignored. 


Amarti: (a) Foe the pem see nse wots lootaner reads m, 3h) = MR. 
ا‎ аш ee balance Ф 


0 = Qey -Wev + m L Qu- ha) " * درو‎ ] 


a Qey = Wey + vag C hi- hi) 
Ge Teble А-12, йүз 242.06 кз (у 5 hr? 270 0| ey (фул). Thus 


Qey = (-3s 3) | S25) 4 (4.6 £4 )(270- 2742.06) EF --21.48 ЕТ — 


(vo) To de kee nu na the confess ^ v Tov Wants neuen, ; 
(i Абун gerant to du Ax TA arr, oul. 


— E 4 by fhe cond ens 
еме supplied by (Жу деурен le 9 tHe 


“Thad, an enersy - لمم‎ lon lance 


Cod € ngar vo ott М 
05 eu, YE a Un P) УА у] Sy Gav = allah), 


Then, with hg? he (73) = qi. 49 kI] K9 , ©су = G. e) (I 49-270) = - 21. IS K3/ ai и 
Корт ng G4. a. 41 vei tia АМеуде = 2.5 KW aud Qout = tai- Ly € 9 Гили 


galir eI „ 5.43 


EES 





PROBLEM 4 85 


KNOWN: Data are provided fw a simple vapor power plant at Steady — 
FIND: De evene tha +her mat efficiency and the. mass flow ra te of + 
Cooling water thyouvh fre condenser. 

SCHEMATIC AGIVEN DATA: 

SCHEMATIC ACIVEN “DAT? 





Power out 
pem 
Wiurb ine 


Cooling 
water in at 20°C 


5: 
Condenser 

— 6 
ра = 100 bar 


— > 
IT T,=43°C £ ue 
water out at 35°C 
Pump 
3 рз = 0.08 bar 
Power Saturated liquid 
in Af 
№ 

ASSVMPTIOWS. 1. Control Volumes enclosing each of the four como 


aot Steady state. 2. Fr еа c Cow. hol Volume , | waa c/ poten h ok — و‎ S 
effect are negligi ble as ate get Strey heat trans foro. 


AwacrsiS: Ca) For any fie wer هک لے‎ | the. {her wat fy еи 4 ip tis ne lvo 
и pee nab work developed GT ماب‎ Ast ddad. mm cn. 





" - W4ur aa | اہم‎ 
Q in F 
Applying mass and enersy Aske balances do thn turbine pump an 
Steam generator ,Ar0espechvely j gives 


Weurbine "m (hı -he) e Tage A: hız 342. kS [Е5. Tabie A-3: h,= а афа — 


lw оер | = ~ (ич - ^3) „ or Mn 177-88 + 0.4(2903.1) = 233626 J[ KG, = | 
j x hı = 173.۹ к/к . Table A-S: hy = 108.4 e JIES, 
Qin = V^ (hi-hy)- - 
| | un 
m Ch- ha) -w(hs-h3) _ (u, n) (ич) _ Gur - 13%.7)- цав 73.4) 
ы " E мА Chi-hy) Е Wi-hy (зчъғ.1 — 188.4) 

—— — وھ | | 

= 0.332 (33.2%) 


: в С e " e — t E ү 
(ъ) Applying илас; Ada loalances tothe Con denser: m= мә = loq ۴9/S ر‎ mos mee | F 
Ал energy fate balance tw the Cand? ntar Andus Cog wi tn. а гим hm < 


+o Acad | | _ К ha-hy 
o: Anse Кеин] ج‎ wows б] “зс 
Cy. hy ~ ey CTS), how he (Te) Fr nm Tobe A-1 





2336.7 - 123.4 = 3757 KS _ ooo 
Wew = 104.89. | ЧЫК — $3.96 | т 
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PROBLEM 4,86 


— A simple ges —— aera plaat operates at steady state 
Wi Qa single Stream ar aS The working Llutd. Tanda are kno 
for the plow stream at various locations. 4 | idi * 


EIND: са) Determine the Power required by The Compressor, anel СЫ) 
delne and evaluate a fev ma l FEICven ty for the gas barbie . 


SCHEMATIC V ATA ' 


ASSUMPTIONS : (1) Bach control volume — | 
Shown is at steady stecte.@) Heat T, = 960 °R, 
transfer is negligible for the wwrol 
volumes euclosiu4 tha Coupressor а 
turbine. (3) For the heat exchauser, 





Wey :O. 4) Kinetic amt potential T ااج‎ 
nergy effects аме negligible. (4) the WEM 
aw bekaves as au ideal 945. т ошо 
| Airin Air out 
1 + 520 °R 4-- 1480 °R 
14.5 Ibf/in." 14.5 Ibf/in." 
42,000 ft/min 


ANALYSIS’. (a) The compressor power is determined bu usius емемац and macs 
balances for He суи ( a amc los | مہ‎ Hag mun AL slaa stele 


0 = Kiy Мао + Үй [а-ал 255 + gee 22) | 
ос. - M coup = mM ( h-u) 
where m, = ў, = ил. To get ил 


mu. PCA), 
VU гт, 


= (14.5 btn t) (42,000 4 min’ ==! 144 ra 


( 15945 аЬ \ (520?) { £42 
29971 ib- R 


1.897 x10 5 Ш/А 


Now, with Speci fic enthalpies from Table A-22E ; h = 124.27 Bulle and 
N= 231.06 Bu/ib. Thus 


GO MIA 


E 











п 


i edi выр Ир 
W come 211.847 0° 2 )(124,21-231.06) TE |5545 Bia Tn 


= - 1460 hpa Weg 


(b) Comparing Уа. opevahum of We gus uye to Fia. 2.16 aud Eg. 2.42., an 
aspropriate Marat ес бло (or Ye gas бм S б 


И = Nek power developed 
т Rate o£ heat transfer 


Хо Ике aw passing Yavoug h 
the keak exchanger 


W wet 
Q va 
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PROBLEM 4.86 (Conta) 


To determine W vot , consider the control volume enclosing tue turbine. 
With assuup hons (1), (2), amd (4) 
Ó 2--(Wret + | Wemp | ) + mM (W,- ha) 
r | 
д Wnet = - [Weep] + m С hg) 


WIM data from Table ^-22€ 5 hy = 645.18 Blu/lb and lg = 363.64 Bulb. 


Thus Qu CY TT 
| h 
- (4460 hp)+ (.847x ا گ0‎ )( 645.7 б- 363.89) ТА fr Bhu/ | 


13,052. hp 
For Qva, consider Ме hect excha uger: With assuupt ons C), (3), anel G) 


Q г, = M (и-и) 


W net 


H 


or 


Inserting data 





Q. 2(1. 897 ко? )(645.38- 251. 06) | : | 


2545 
= 30,412. Ар 
Fina ( 
ina ly n- 13,052 _ 0.422 (42.2%) и 
> 0), | o) == 
30,912 


the following obsevattons аме made : 
^ In fis case, 42.2% of the energy мр} by heat shows up ^c 
net power- developed by Ha power plaut. The second low of thermo- 
dynamics introduced ių Chepter 5 wil) allow us to compare Hus 
with ideal performance. | 


۰ Although He air doesn't undergo б. cycle M passing Hrongh Ye 925 
turbine componeuts, We Could imagine that a стс (е ic Conpleted 
l^ the Surround qs as Je air coóls trom 1486 °R back to 520°. 
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PROGLEM 4.8? 


KMOWA: A pinhole leak deve lops v^ dh wall ef A Argid tank of, 

Krom volume ر‎ and air from معا‎ Surrundings tater ata kunan T6 vot oot 
aud (A 879ге, The fem perature of the air witan thetank femanrn constant 
at Ha M ugura bo е SU rro uning s^ di UG het tanic contests, 


FIND: Re wat trani fe between -]t tank content? and 
Turron langa if (a) the tank ùo indhally evacwakd, СЫ) the kak 


dii hally Contains air aba фое cmd h'm. 


“SCHEMATIC 2 GIVEN DATA: 


= =? T5229 °C 

| | ii 

| $ 

{a (Surrounding air 

! ON (тшш; 
Vi 025 | Í partla): Hank is inihally evacva fed í 
R tbar | | part (b): Hank Cadhally Condes air ОЯ 25 96, ы 
Ta 228°C ss >= =! 
AssomptroNs: 1. For the control volume Shown in the accompa inj f5 ure, 


Wey О у and Ei ht оем fiot euergy effech are иеруи ble. 2. Tho are 
modeled a“, an aden дау. 3. The conddhon of Fh air leaking uA To 


ths fant at A remains Constant ect | bar, 28°C. 4. The tempera ture of 
the aw о лл the tang is 25°С, 

AwAutrSig; The mass Aet balance foc the Control Ndlume takes th form 
d ey /d t. Luth indi ca fed as Sump hons, +~ eners y Ге te balane 


-m a 


— — 


paar * "Uc. ‚ € 
der = Осу + mh, => i=" = Qey + hi dey 


hy ( € Wee uw? cms taut. Thus , e inte grahan 


Wr Hh astumphm 3) 
Ain = Gey (hide 27 mumu @ev + hj Смаил) 
Ta edo ng .. ИА 2 uj CU); j amet eotleching Tibe — 
Qus mieu) mula; c mem) а) 
C$) (2) — 3 i 


of an idea? даг depends on temperature only y term Ci) 
| O4 and w pec t 
сли 


(2a) 


eres 44а s реса с tnternat energy pe 2^ ! 
V€*^As$Wey because T2274. Term (2) vamshes wi. part (4). because m = O3 < 
Ch) Фе cause T, - 74. Ac cordon) Eq C) reduces m tach Part to t follo 
ork nS eg vatim: Roos И 
Rey = ~ Cm, wm.) CPU ) 
Chao, l^ heat teans fee fena tra tanic removes the energy en tering the tank ot 
À by Llow Wwerlc (sea Sec. 4.2.1). Since РУ = 274, Eq becomes al tar ла Һа 
| О (гь) 


Qey == (mam) RT 
O) M,= 0, Using weedeat gas equa han of sht, mM, ~ Pa V/RT2 = p, v] RT; . So 


ік. 


см2 -aV = - С\юлг) | ig МР | (олы) | am = -1S«J ص‎ — 





m, = Р/Р = p У/РТА , Wa = Р.У / РТА > 


lo) m РО. S rance | 
ieJ 


аы У = = ( bar = 0, bae) | E ae | S. 
= -22S © E 
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PRoBLEM 4.88% 


known: A pinhole Jevelws in the wall of an ini hally € vacv [АХ tank , 
And ain enters Crom TU Surrovnding § Until the pressure b | bar, 
FIND: De fervrune fru fnat fe upera ture of the alt with tank 
in معا‎ Abst ^ c " b v wans fr ре preen the Tonk conttat pA San YESSY? 


€$cHzMA«C & GIVIN DATA: 





4 


ASSUMPTIONS! 1. The control Volume у Shown iw the Alcompa Ln” 
fq ure. 2. For the Corto! меои) Wey О, су =O) and Kimetec/notenhes 


energy effects are neyujible . 3. The arr 3 мло 4. an an idas-A 


GAS: 4. The сви da hon o1 he alr en dar ins Haa das KA mean constant or 
\ bar, —— | 


AMAYSIS! The mass rak balance takes TA» form d'v[dt = mi., Thr 
energy rate halance reduces To 


d = RG Sey +m; hy 


Com bing the Wass and £^» Ace balane; and wk sra hng مامص‎ 
a SSU vo hm 4 2 2. 
QUcv = fm №, dt => Ly Усу I ha fma dt =v AVe,- h; (м-т) 

: i i 
or anu thtank v mrivally evacvakd | 

Wie ye Oi holm- ر‎ ( = Us = Их и) 

Krom “Table А-22 at “T= 24814 (25°С), и = 298,18 FSI Ез. Then , 

m for pola hns w . АУ ч» > 448. [€ ¥ Jlks ) Th = 465 K (143, S*C) له‎ 


|. To interpmat tr temp erahkre meressa d thea Willan {ha hne during Ha- 


Kilns process, rewrite - Eg- U) wn И; = о; + Cpr), To Asad 


Ura Сри)‏ = وی 
whare {he underlined term ù th, flow work discussed wi Сес. %2.|. "Гилас,‏ 
the temperature of ow iw the tanie v^ блады cluring fs process be cause‏ 
work л dene by +he surrounding f = flow work ~- on fre ma tkr‏ 
enting pe Hank.‏ 
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PROBLEM 4. 89 


known: Аи electric resistor tramsfers energy to air trom Чие survoundiips 
ew Uu ^. rigid , well-insulated +“. The firal pressure ts known. 


FIND. Defer mi ae phe ла! tewperatu re of alr LA Ye tank. 








* 3 
SCHEMATIC GIVEN. РАТА ` Р V=0.5m™m 
o A wn, =O 
ASSUMPTIONS: (1) The contro] volume és / Wey =~ 100 W 
Р / ~ A42 500 5 


Shown л the acco mpany ing figure. / 


(2) For Ќе coutrol volume, Q e, <O and Р = lber 
kinetic /potewhal energy effects are 7257 
negligible. (3) The arr is modeled as " КҮ 

{ 


ди (deal 9025. (4) The conclitin of — — е 
air entering the Haul remains constaut. ^7, 77//7/7////. 
(5) For the resistor, AV сог * O- 


ANALYSIS: The mass rate balauce reduces to AMev/dt = м; А a wel Ие 
CNevg U rale balauce reduces to 


AÛ h : ^ 
a = A 7 We + ул hj 
Com bı ng anc гићедтоћ Аа usins ass u vp Hon (4) 
а. tz. 
АУ, = ~J Vaat t h m. h;dt 


Ty >21°c = 244 К 


| i. ` | 
2 æ Wey Ді + h, i» m: dt = = Wey AE + h; (м.- М, ) 


mie VAT = -WeyAt + (ma 7v. Уһ; 
oe 


M.u 2- Wey At +m. h; =» u, = Mw At + К; 
а. 
By assumption (3), mz PV eT, у amel 
U = (472) C ws, At) +L; С: 
РМ 


Inserting values E | Е 
-We a -(-\0oW)(S00S les = " 
åt = ¬ (-loow) are | SokT 


д. 4 kI : 
Riz ( Ps | x) CT, ги к) | bac | по? Nm! 
в" Ct bar) (0:5 m?) 105 N/m]! * 











` = (514 x07?) Te 
From Table 4-225 h; = 294.17 I3 /ka - Thus 
U, = (5.74 Хо? к )(5© ьт) Т, + 294.17 (6716 (2) 


.C2) can be solved Чоу To Using au itevative procedure with data for 
Uu fromToble 4-22. The vesultis | 


Т, = O6S.3K = 392.3 °C 
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PROBLEM 490 


KNOWN: A Smati amount of air at 2 
inihally harding Aar af a different Stak. 


pom. Deternune the finat temperature and pretture of the air nth, Confarcuer 
| 


given State [с injected into a container 


0.2 ib air at — — = — 







— 


і Container 


-— и тш — —t 


— — E d Ld — Ap à 


ASSUMPTIONS: l. The Contre! volume гу Shown in the ACconapanry img Schewmratki'c. 
t. The state of the air remains Constant until ct pastes the stop cocic. 3. for the. 


Contu Моли , Wey =0 ) heat Wants. with the Surroundings Con lat 95 nove d, and 

kine hy poten her energy Дос are neqe. 4. The ‘deat gas voco dad applies for theair. 
Anauri The wes; tate balance (eads 
reduces wh given Astumphory to 


(1) x - x, ky + m; k => VY = М; чих cv 


d Mev [dt = W^ . tho cr2 ry rate ba lance 





Ww tr a ç sure pha. 2) hi AR Vena vi Cow tan t. ,مسال‎ integra Кал була hime. дд v? 
LE ` 
AU- | hi Чим, =) ГУСІ, = he Amey 3 Ma A. =, “| = №; (мл, - үл, ) 
i 


where land 2 denste Haa iniho ant SÍp-Xao vihun tre Con Aer, tespech vets, 


That ر“‎ Mic ilb and УМ, = I lb + 6.215 = 1.2 lb. Solving Te Ue ‚ and inserting 
data [rnme Table A-U.E fe м anshi 


Twterpela Wa us Tebte A-LLGC with uz $ ives T= $76°R (16°F). 
Using the лаһ gas едок ho^ of State 


j P, = ma RT. lV ) where 
Vem, бт. /р, > rh f^t pPrescture ; 


v 
A= (mV) P= (2t ) zay 147 IE) = 18.8 lot/in? 


|. Tha plunger does v directly enter the analysis—-— tw located in the, 
Surroundings of thi Control volume. Mowever, there v flow woric 
Where air Centers the Contol volume. Гу is Ln corpora ted iw the 
Cpr): ren of the spect enthalpy at The mit, hy. As Shown hy 
the following лла (зї, 1^ finat Je perature of th. air w tha 
Contamher v bagher phan ths inihal temperature, TUL bus her {€ peva Yur e 
(f due t Hew work, effect. 
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PROBLEM 44| 


Known: A rigid tank of Known volume inihallq Containing a +um-phare 
Liquid- vequer nan слее at a С rev Stet rs heated, allowing Sa harat Q Vapor 
+o escope | while nagai n TRAA ing Constant pressure u tha ant onkli a 
Spesified Finak gual: 14 о ateuned. 


Fin: (a) TE thse fines qva ы 3 0.5, Че fey nune {he mass Wi {he Hank and 
Ab дирил t " е» transfer... (n) Plot tank and ba beat 


transfe versus fa qualify салал; fran 0240 1-0. 
SCHEMATIC L GITO DATA: 





vapor, Pressure-regulating valve 


mM Хх, ш 0.20 





ASSUMPTIONS: |. Ue conde! volume (S rhown (^ the sche matte, 2. Fer tthe. 
Con bol Vol ove Wey =O and Cine Hy goles] oA energy effects are net ote. 
3. At wit е, tha state As илем? Cont tant ) as shown wa ther p-v diagram : 


ANALYSIS! Tho mass Pate balance reads dmev [dt = - Ме. یں‎ ttn qta inds' cals d 
ASSumphgns ر‎ tr елеу АХА ala 4 A Au c to 


dUzv ту -e — “Лу . (à | h d Mey 
a Ree ee «эу чо тыа жеше 
T^, Goth шетке 3) integrahon over hwa Asn А241 Ww 


AVey = Qev + he [ames => MUL- mM Ul, = Qe + he Cm, - ] o 


Qey —- helm, -m ] CI) 
where he? 2742.2 кка у and 
(= Mg Cg - Ve) | 
= (S89) + ол[0.1318- uS = 0. 02328 ود‎ M= 
кд 
ر‎ Ug + Xi (Ug Up) = 843.16 + 0.2( 2544.5 = 393.161 = 1193.4 colts 


3 
V. ©: оем 
V, ` oong? [e 





= 2. "19 


Wı {hk tia came values for Vg, Vg Uf ong, V4 7 Vf + X» (Va- Ve ) and Цу > uf e X2 (uq-u4) : Also, 
> VAR. 

(о) X=0.9 Then | 

| оок РА 0.408 K$.44—— '*- 

М, = y ++.0;5[ 0.1318 - | n. = 2.06648 a» m, = ae maT 


Ua. 3 84 3.16 - 0. 512544 S - 843.10] = (118. в «9 [5 
_ 2741.1) 9903-2-44) 
S Oey = (0403X 17188) - лаа 143.4) — 279210 


Pe- — — — — — 
2546S kJ Sev 
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PROBLEM 4.41 CContd.) 


(b) Data are obtained јо make the required plots using ІТ, as follows : 


IT Code 

V = 0.06 // т? 
р = 15 // bar 
х1 = 0.2 

х2 = 0.5 
mi=V/v1 
m2 = V / v2 


Осу = m2 * u2 - m1 * u1 - he * (m2 - m1) 


he = hsat_Px("Water/Steam", p, 1) mE 

u1 = usat Px('Water/Steam'", p, x1) IT Result (x; = 0.5) 
u2 = usat Px("Water/Steam', p, x2) | : 

v1 = vsat_Px("Water/Steam", p, x1) Qoy = 2547 KJ 
v2 = vsat Px( Water/Steam", p, x2) 


The result fov X,20.5 Cow pares Very favorably with +e res ult of part (a). 
Now, using the Exlope butlow, Sweep X, from 0.2. 101.0 тл steps of 0.05, 
The following plots are constructed ona the data: 


m2 (kg) 


Осу (kJ) 


2.2 


2 
1.8 
1.6 
1.4 
1.2 

1 


0.8 
0.6 
0.4 


0.2 


0 
0 01 02 03 04 05 06 07 08 09 1 


X2 


3500 


3000 


2500 


500 


We See from the plots that 
2000 the heat y lie 
A rapidly wH X, and that he 
Mass in the Jade. drops 
1000 rap dla as vapor escapes. 
0 


0 01 02 03 04 05 06 07 08 09 1 


X2 
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PRoBLEM +92 


KNOWN. An ini hally - evacuated , w ett-insula ted tank iS lled from a large. 
Steam Aine vnhl thae posture ui the tank АНА a {рес йе Value, p. 


FIND: (e) De masy and temperature inthe tank when pris bar, 
(eo) Plot tha Wass and tempers ture in the tank Versus р ranging £frow 0.1 fo IS oar; 
Se HIMATIC & GIVEN DATA: 
SO лс ы ее HE VE 


ASSUMPTIONS: |. Tha control Voiume ws Sewn ws 
Ho sch mahe. 2. For Moe» Cow Ду \ VOI VMAs, Wey 29, 





v= tom? И \ Qey 20, and kinebc/po tenha кесүү effects ore 
7 \ negligible. Э, А+ м let a’, the Sta е л илли constant. 
zil 
a ANALYSIS: The mass rate balance reads dco[dit- We 
With, indicated сб ема phoney the energy mate balance 
еі feduces іо Р Я 7 
E n am ine d Uey _ ` ` n meh : = dU _ ho dy 
Чү NON aa T dx ^ d 
Since hj з constant CASCCChMA7)) е Tee вес time aves 
0 
AU = М Amy D Wa LAT = Mas Coma) => а= и C1) 


(e) р=15 har, From Ta ble А-Ч, АЕ 2442.7 e 3| r4 : Then , in tarpo la h on ot 15 bar 
wa чут 2442 FTES j R= 428°C , u, = О. 211 (cg. Thus, tee fnat wess ó 


bi ne 


3 
V lom = 
m = جس د‎ 7.3165 
"OW eant = = 


(b) IT 15 used as follows: 


IT Code 


V=10 //m? 
pline 2 15 // bar 
Tline = 280 //°C 


p=15 // bar | 

u2 = u_PT("Water/Steam", p, T2) | 

hi zh PT("Water/Steam", pline, Tline) [Т Results (p = 15 bar) 

u2 = hi T, = 424.7 °С These results compare 
v2 = v. PT("Water/Steam", p, T2) тә = 47.39 kg very favorably with 
m2=V/v2 V2 = 0.211 m*/kg Не results of purt (a). 


Now, USING the Explore button, sweep р from 0.1 do 15 bar, in Steps of 0.1. The 
following plots are constructed from fre data: 


425 50 
40 
420 
— 30 
9 
E Е 20 
415 
10 
410 0 
0 5 10 15 0 5 10 15 
p (bar) p (bar) 
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PROBLEM 4. 93 


KNOWN: A Storage tank containing Refrigerant (34a develops a leak allowing 
saturated vapor toescape until the level of saturated liq uid in 
the hnk has dropped fo a known value, 


EIND.: Determine the mass of refrigerant Hat has escaped and the heat 
trans fer. 


SCHEMATIC $ GIVEN DATA! 






ASSUMPTIDAIS: G) For the control 


volume , Wey 20. (2) Kinetic aud [3322 p= 100 Ib£/ik* 
At | 


poreutiat energy effects are ne’ | vert? 
lisible. (3) The pressure 15 у, «(єн 
Con slot. i ‘2, > blo 

Vg, = 0. ct? 


ANALYSIS: The mass rate. balawce. takes the form d mc, /d = - me. Tntegrahig 
{ medt = mW. (mass escaped) | 

To get the masses, use the given volu. mes and data trom Table А-1 E at a 

pressure of 100 IbFlin* | | 


ie этр = COTES LS > ^ 20 9 


my at Vote. 0 

д 4 0,414 7 

WA, = Mme, + Ma, = 120.9% 1b 
Similarly tor State 2. 





2 O94 Ib 


Wg, = 60,00 tb, maz = 2,53 lb j m,= (02,59 Ш 
and 2 mass 
f wedt «110.%ш-07.5Ч4 258,37 Ib 2 escoped 

1 

With assumptions (D amd Cz) , the energy vade balance reduces to 

Чы = Qu Me he 
Combining the mass amd energy гаће balances and integrati ng 

Qey = Malka ¬ MU,- he (mam) 
From above, X, = Mg, [m, = 0.00684. ond X, = mgz| ma = 0.0404 2 . Thus with 
data from Table А-ЦЕ . | | 

U, Ug + X(CUg -Uc) = ZUL! BRA/lb 5 и, = 3۹.4 Btu/lb 

ond he = ho e LOO bf lint = 12. 46 6h /\b 
Thus 
s (62.59) (34.46) — (120.90) (31:20) -(U246) (02.59 7120,16) 
Qc 


zu uS SU. Ubu چ‎ — 
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PROBLEM 4.94 


KNOWN: Helium îs withdrawn slowly from ^ Wwell-insulated tank Kuga 
volume onki +ka Pressure wittun Haa tank 2 р · “The ир erature со thay 

tha dante Сї Kept constant by an есе AesiSfor. 

Fin D> (a) When P 18 lof lia. determing te mess of he [рил wrt dranen and б 
fers input Jo {lte Assis hr. (b) Plot the quant Fes of part (a) vertus Р 

Fanging from IS o Зо loflin? 

SCHEMATIC L GEN DATA: ASSUMPTIONS: 1. The contol volume. 
is Sewn inthe schemahe . 2. Rr the 
contol volomey Qe =P ) and 






| — е energy e ject Cow 
+ 
| lo. ‘her e. ‚ Меблимил ي‎ wroddted 
= ? | "= 160°F Gr an halk sas. 4. The mass of 
P, = Зо Wet lint {ue досе iS Small Chough ty be iguored. 


AMALY CIS : The mass of helium оо АА .ہہ‎ oura Ame iA Very 29 vals T^ 
difference between thre (nihok aveva y mass Ud ths tant "— {б mass we Tor 
tanke eb the Let dove: (A mount withdraw ) = mimo. Sine Т = 72, ts 
adud gao sque ho 4 shh. сә ел naa Ù wawr dé eco Тә llena) wee hep: 





BN VY. (e..o)N. 
— һү iX. (Ger сї) 
144". (нз) 
= Bo -P (44) dft [SEES (ш) 
* Bo- p) (4.2140) lb (2) 


Tha mass Aate balance va мси = we, The entrsy Aa. badan Andu us FO 
d'Uc,/di = Bes -Wey = иле Ие. Ta hodvaing +e wass Act. baland j and ио и tle he 
remeni Constant be салал. Hupara haua ت‎ com $ tant, 
Pa a- Ugy — he xU = Ue, = راس‎ cvy + he € Mey = CWey) = Ma Us Mu - C -m he | 
Sinek te wp rahar е to Constant, U2 = ى‎ (Т), U, = act), he = сл (T) +(prje . Tue 
О, C Wey) a Cm, m XP Ye, => яә «44 ад 2404 ر ا‎ (Wev) = Co - tL) RT. 


By €4. Q) (мм, - -m,\ = Cp.-e)V/RT ) Aliving (- Wey) =(P-p)V. T hat ts 


INN int 3) | | ©. v -p) Bre (3 
(- wey) Cso- p leE IU T4 ) sz uil = L?246(30 P) ) 


(a) when p= ie Ve lint, E.G) veo (А. бойні) = 0.050849, 64 в) gives 
(- wey у= ISSS f. 


(v) PLOTS 


ا0 . 





Amovak 
Withdrawn, |р 


о“ 


.9 1. 





5 pC lef lin?) 30 Is plibf/ia? ) 30 | 
Lb To weite ga phe temperature witan ha tank Constant, фил кергон must provida, 


куы), +o ^e halium ws qua tank equal to doa nite > tud out by یں س‎ work 
оҳ ! 
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PROBLEM 4. qs” 


known; Av insulated tank containing oxy qe 15 connected јо a supply 
line carr th oxygen. A valve between the tank and the Like 
IS ned omc gas flows into the Hulk. until the pressure reaches 
thet ef the line. The valve is closed and eventua lly the tank 
contents cool back +o their initial Tev«pe raare . 


FIND: Determine (a) The tank temperature wheu the valve closes and 
(bj the final pressure in the tank . 


EMATIC Ф GWEN DATA: 








| R = (60 ІЫл 
_b TL: 100° -SLOR 


Assumptions: (1) For the control volume 
shown, Wey * O.(2) There is ио heat 
transfer during the filling process. А 
(3) kinetic and polenta energy effects ves Hy А 
are negligible. (4) The state of the 

0, ги Fhe Supply line remains constant. 
(5) The o, behaves as an (deal GAs. 


P = ЧО Ibe lint 

7, =0 °F =SY4O°R 
Р, = 100 bF Lu 
27 

— т 290° =S40"R 
LOSAd1 SAIS Р, = 2 


ANALYSIS: (a) Cons ider first the filling precess. The mass rale. balauce takes 
the form Ате, [А+ = үй; and with assumptions (1) z) andA (3) , the energy 
rate balance reduces to 


dU „ме ‘по | 
Gt Ж су tM; hi 


The Spectfic enthalpy in the supply line ts constant. Combining the mass and 
energy rate balances, amd integrating 





MUM Uu, = hi (m) 

Using the ideal gas equation of state 
TR ; _ REV 
RT, 2 RT 


Combining amd rearn LAs gives 
3 dg д2 
Ua = h: t — (u,-h;) 
іа Pe t 


from Table A-z3€. 
( 3886.0 Bus Ib mol 


AA, = 2673.8 /32,00 = 93,50 Bha Lb 
Jusevhing values 
U, = (2646 ¬ (0.02300) 
Since Us depends on T, , the final temperature canbe found by iteration 


~ 


Using data fom Table А - 236 amd this expression. The result is 
Ta * Glol R = Fa — 
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PROOLEM 4.45 (Cont'd) 


(b) To determine the pressure after the content of the tank cool off, 
first find the mass in the fauk after the valve closes 

















_ RV (ооа (S43) чча 
zc КТ, j ore ft- ACT "e | {= 
32,00 Ib.*€ | 
= QS 6 Ib 
Thus , the final pressure is 
Р = м. RTs 
5 V 
| 15Ч5 | 
М = 9171 Шо A 
(5) 1144] x 
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PROBLEM 4.936 


кош; А tank of known volume iuttially contains Steam at a specified sale. 
Steam is withdrawn Slowly until the pressure drops to pressure p. The 
tewperature is kept constaut bu heat transfer Jo the foul conients, 
EINR: (a) Determine the heat tranfer for p 21.5 MPa. tb) Plot the heat Ta uster 
VeYSus р ranging from 0.5 4o 6 MP. | 
SCHEMATIC E CIVEN DATA; 
Vz lw} 


he 
ос) 







Vey |! evita at 320°C 
0.52 р. © Ma for 
— i part (b> | 


P, = OM fa, p, = 1.5 MR. Cpart a) 


Steam at 320°C 





| 5 lo is 20 Rs 
m Сєз) 


ASSUMPTIONS ‘For the contre! velume shown in the fg оге, Wey О and Kinetic and 
potential energy effects can be ignored. (2) At each instant, Pressure /s vnrform throughout the steam, 
ANALYSIS: (aVJThe mass rate balance takes the form dmev/dt з - e. Using the assump уоиз 
listed, the energy rate balance is 


dU. = Q с Me he 


dt 
Introducing tne mass Cate balance and integrating 2 
AUS Суу + f ede, => Dey з Mada Mı A, -J hedm б) 
| 


Where m denotes the mass Contained within the фоке. At any Instant) ma V/V where v ir 
fpec Кс Volume at that instant determined by 320°C and the tank pressure, Tar hie Пу, 


p,* өМЁо., co Table А-А gives v, 2003876 o] by , U, * 2720 к З/к3. Fina tly | f&3 T MPa, 50 У = 
0.1765 "ко у муз 2217.1 к/к. Thus 


3 3 
ыы У, — 2 25.5 Kg ә wj. = Уш — > 6.67 k9 C2) 
% 0.038%" */eg V, 01765 "3169 


For each of Several pressures in the їм tavval LSME« P «6.0 МР. , the mass 
within the tank can be calculated (n l/ke manner And the specs fic ent heley 
he determined from Table A-4 at 320°C and the Spec fred pressure, These values allow 
the plot of he ve m given above dobe constructed. The area under the rne 


Brom 1 te2 equals the term - f ^ hedm of 694.0). As this Varvaton fs 


t b 
Very Nearly, linear, tha average value of he can be used to evaluate РАС 


E! (“hem | ( 89.209 Jem - ^) А (2912 3t (as v- 5:67) 


| Ey (2017.2 4 (20.13 к) = 60737 KJ 


Finally , inserting valves into Ея. CI) 


Qe, + 5.673 (871 Ei ye (2869 )( one кз ) + 60737 К) 
Qev 


uo ШТ c ————— Áeóà 


4-114 


PROBLEM 4.96 ( Contd.) 
(b) Dataare obluined +o make He requurect plots using (T, as follows +- 


ІТ Code 


V =1 //m 
p1 = 60 // bar 

Т = 320 //°C 
p=15 / bar 
pp=p/10 //MPa 


Осу = m* u- m1 * u1 - ((he1 + he) / 2) * (m - m1) Key IT Results (p; = 1.5 MPa 


Quy = 6534 KJ 

he1 = h_PT("Water/Steam", p1, T) Neo = 3081 kJ/kg 
u1 = u_PT("Water/Steam", p1, Т) he = 2952 kJ/kg 
v1 = v_PT(‘Water/Steam", p1, Т) m» = 5.666 kg 
m1 = V/ v1 m, = 25.8 kg 
he = h_PT("Water/Steam", p,T) и; = 2817 kJ/kg 

= u_PT("Water/Steam” p, T) | u, = 2/20 kJ/kg 
v = v_PT("Water/Steam", p, T) V2 = 0.1765 m?/kg 
m=Viv v1 = 0.03876 m?/kg 


The results for P, = 1.5 MPa Compare very fevorabl4 with We results f part Се), 
Now, using He Explore button, sweep P from 0.5 to b MPa in Slepsof 0:5. The 
following plot is constructed from о data: 
| | 8000 

. 7000 

_ 6000 
5000 
4000 


Qe, (kJ) 


3000 
2000 
1000 


0 
05 1 15 2 25 3 35 4 45 5 55 6 


p (MPa) 


Mole that vhe heat transfer үй creases as Ha pressure си {ке donde drops зах expected . 
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PROBLEM 4.97 
Know: Air escapes slowly from a Таис. The initial state and nal pressure 
are known. The that remains in the tank undergoes û polyfrepce piro cess. 


FIND: Determine the heat trunsfer for a control volume enclosing 
the tank, 


"C" ee ee 
SCHEMATIC € GIVEN DATA: ү as | ce) 









ASSUMPTIONS : 0) For the control volume Р = ЗооЕ№. 
Shown , wc, =0 г) Kinetic and potential Т = 300K 
energy effects are negligible.) The air Р, = 100 kPa 


АН жир ср т э (es сш о» ab 


remaining ги the tank undergoes o 
rocess described by ро" = const. SSS purrs const. 
4) The air is modeled as an ideo gas 

with constant specific heats. 

ANALYSIS: The mass vate balance takes the form Мод = -me . With 
the ASS UM PHLONS listed , the Cnergy rate balance is 

| : | | | 

| ы = Qu 7 Mehe | с!) 
Since the process occurs slowly, the state of the air in the tank ts 
uniform at anu time. Thus, Uc, 3 mMuU,and he = U+RT. Inserting 
Hese expressions into (1) along with the mass rate balance 


wm ` 
va Go + „Фр = Qy + (K+ RT) ам. 


Thus Qu dt m du — RTdm = M с- ФАТ ~ ET dv C2) 


Fach term on the right Side. of (2) cam be expressed iu terms کی‎ 
pressure , as follows. First from ту" =constoat 








— 
у L ә. 1a. 
Y AR e yo» s Р | 
and dm = e (5) POR Ap (3) 
Further рт = РУ = PV у tinted 
^ ^ epa EF (4) 
UP. _ L (- Vi.2) 
ii sas Uo ra) p ^p * 


Sulostituting C33,(4) and (5) intol2) gives 
Qudt = bp] to [de Ci- тр Ay] 
-[¥ pV) ] hc (т) per Vap] 
n Е - te) - G3) | Vae 
Integrating 
Cr 1 
Qey = ۴ ( bow is) = (74) | V Cpap) 
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PROGLEM 4.97 (Cont'd) 
From Table А-20, cy 0.111 kT/ls-k . Thus 


| (0.717 kT/kg -«) 

















Se RPG TEES 3 
Rey 8.314 kT (i- &)-U (im?) (100-300) Р, = vl died 
ber Ее | | {kp || 107 Nm 
© = 83,34 L3, 





|. The positive Sign denotes that the energy trausfer is into the 
Control volume. For a ditfereut value of Polytropic exponent, the 
value would be dcffereut. 


4-117 


PROBLEM 4, 98 


KNOwN: A well-insulateA tank containing К- 134015 connected to a 
Supply le. As refrigerant ts allowed to Flow mio the Hanke, 
a Hexible bladder tw the tanke ex pauds lo Matutuww the 
refrigerant in the puuk at coustaut pressure. 

EIND: Determine the amount of- macs admitted to the +ank between 
the initial hme aud the instant when all the liquid in the 
tauk is vaporized. | 

SCHEMATIC £ GWEA) DATA : 


Constaut pressure ~ 
Flexible bladder 


Initially 5 0.8 


m,= 25 kg 





ASSUMPTIONS: (11 The control volume is Shown with Ge, = О. (21 Conditions 
in the supply hne remain constant, (3) The pressure remains constant in +he 
tank. Œ) Kinetic aud goteutial cuergy effects are negligible. 


ANALYSIS : The mass rate balauce takes the form; dco sdt = my. With 
phe assumetions listed, the energy rate balance is 


> . „О 6 R 
aoe. = Key ~ We + mihi 


The specific enthalpy h; is constaut bu assumption(z), Thus , combining the 
mass and energy rate balances amd integrating 


AU, = - We, + |, m: h; dt 


Since h; iS constau t 


ta. 
AU. 7 -Wev + h; UN mdt -Wey th; (m.-™,) (1) 

To evaluate the work, note that the pressure in the tank is constat. 
І Wey = fe dV = plv,-V,) = plmzui- mv; ) C2) 


Combining (Jand (2), aud noting Hot AU. = Mla - mu, 
MaU- MU, = = РС ҮЛ 5 17, Mm, у + h; (^ ,- m.) 


wal مارم‎ J = Ww, C М, ~ hi] 
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PROBLEM 4.98 C Contd.) 
Solving for m. 
hi -h- 
mM, = "( | na 
ha - И; 
Using data Cra Tet ths А-1] .at Sber: hes $0.55, ма= 247 sí ic d [ks 
.€«uv$] = 208.24 EIl Es 





h = Goss) + co. 0 [ 297.54 
ha = 317 $4 62 [69 


Fee Tla А12, Ис = 356.52. ЄЗ]. “Thus 


" — 2108.34 ¬ $8 $C. S 2 
= + ( aasa SAJ = 3 4.05 Ky 


Fina lly , 
Aw: Mr =) 


> 3¥.03 - 25 2 4.03 les са 


4-119 


PROBLEM 4.99 


KNOWN: Air is admitted Slowlu 


into an insulated piston- cylinder assembl 


from a Supply une until the volume inside The cylinder has doubled. 


Plot the final temperature and mass iuside + 
Given range of Supply temperatures. 


SCHEMATIC Ê GUEN DATA: 


ASSUMPTIONS. (1) For the control volume shown, Q,,70. 
(2\ Kinetic and potential energy effects cam be ne- 
glected . (3) The weight of the piston ond friction 
“between the piston awed linder wall can be 
neglected. (4) The aw behaves as аи ideal gas. 


ANALYSIS: The mass rate balauce tukes the 
form dmey /dt = Үйү. With the assumptions 
listed, the energy balauce is , 
d Dey ` fo > ` 
a A, Ney tmi А, 


EIND: 


з 


NN 


SK 


— Yor 


A, 


ZA Рат = 4 
^ l bar ^ 
7 | А 
2 





WYK 


4 
А. « 


ZA X WA 


Valve 


he cylinder fora 


Diameter = 0.3m 

Initially: Ly = 0.5m 
Т, = 300K 
P, =1 bar 


Air supply line: 8 bars 


Ü 


3004 Tsupply © Sook. 


The line conditions are constaut , so h; is constant. Combining the mass 


and energy rate balances and integrating 
malum, U, =~ Wey + hi (мут, ү 

To evaluate the work , note Haat the pressure JA the 

a 


This Vc 
Wey = | pav = 


From the given data 


P ( V-V. ) 


4 | 


{Ж ay 2 
\/, — = (estie ces m) = 0.03534 m? 


V2 = 0.07068 т? 


Wey 


and 
5 
IO Nim® 


thar 





(l bar)(0.07068- 0.035 34) m? 


p 


3.534 kf 


it 


(1) 


(дет is alwaus 


| КУ 











105 N-m 


tmospheric Since the process is slow amd Since assumption(3) applies. 


From Table A-22 , at Т,= 300K; u, = 214.01 kT[ka. Also, h; = h; CTsupply). 


For Tsupptg ˆ 300K , h; =300.14K. 
Using the ideal gas model 

















PV: _ G bar) (0.03534 m?) пом tke 
m TET Fo | || = 0.04105 ks 
| (S.T \( 300K) | \ bar || Nm 
897 ка 
and mos fo V2 . G\(0.01068)liool 24.628 (2) 
* fia 8.314 — 
— ) (Ta) = 


Tncorporating these results Into) and rearranging 
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PROBLEM 4,44 (Cont'd) 


MU a” h; (m.-m,) = MU, ~ Wev 


24.628 Uz ~ h; e a 0.04105] = 5.254 (35 
Ta [2. 


E uations (2) and (3) сом be Solved for Jiyen values of h; (Tsupply ) 
by an iterative procedure and data from Table A-22. For Tsupply = 300k, 


Т = 300K 
m, = 0.0821 kg 
Plotting for the range of Tsupply values | 


400 
380 
360 - 
340 


320 


Final Temperature - K 


300 | 
300 340 380 420 460 500 


Supply temperature - К 


0.1 
0.08 
0.06 


0.04 


Final mass - kg 


0.02 - 


0. 
300 | 340 380 420 460 500 


Supply temperature - К 
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PROBLEM 4.160 


KNOWN: Awel-tusulated piston - іл дек assewlly w connected ©. 
Valve to ом aw supply. Tha Supply conditions aud Ма inihed 
State of air ins da re самак, Aw is adwcctted Slowly Caus mp 
Tee piston to cswypvess. o Spring. The initial aul ined velas 
witkiu Jo uy lider ave kusum. 

FIND · Plot the. Final Pressure and finot temperature wi Hun 
the су ДАА Феї versus spring constant k varying fro v 
650 4o SD tbf / (1. 









| Pe OTIS Ga Е = k | 
Se c WEN . | | | . 
А UE Re X 
` Init : 14. x supply 2 
‘tially > P, у ч lb lon 100 Ibf/in ere TI 
7, * 80°F PEN eats 
V, = 0.1 443 





MN FAL he SALE es 
А 


nd CARE УА 


| GASP 3 uS m 

F«Aatly: Va =o 4ft? hin NE 14.7 btin. 
ASSUMPTIONS: (1) The control volume is shown on the ac Companying diagram, 
With Acy 20. (2) Condutrens tu the aw Supply remain conshaunk. (3) Kinetic 
and potential energy effects ave negligible. (Ч) The auc behaves as au 

18404 gas . (5) There is мосом between the piston ол. ©” wall. 
ANALYSIS: Te final pressure is found by applying Newton's Law . 
to the piston. Simce aw is admitted slow ;ZF, =O. Thus 


T an = Paim Apit + kX 
With У-У, = X Док , the pressure ts 


Р = Pt k(V-V, ) 


Aast 4 (a) 
At V =v, 
р, = аҹы Wee ү (K HF/er)(O.4 ои) ну ig ) 
i (.22^) + 144 i? 
{a7 + 0.043 к] lbflin? CI) 


|» The mass vate balance takes the form: Ат [дї = Was. With assumptions 
Wsred , rhe energy rate balance is 


avs * o ` : 
XU < Au “Wey + mihi 


The specific enthalpy hy is cmsteut by assumption (3). Thus ‚ combini na 
the mass and energy vute loalauces aud integrating 


2 
AO = ~ Wey i J h; Am, => Muz- M, u, = -Wey thi (myom) (2) 





SiWce the process occurs slowly ر‎ Wa = Í PAV. With Eg (a) above 


V 
Wey = f, [t - Fae) + kv | AV 


}) 


т № N.N, k (Vat v) 
е E d dia 7 Аруз 
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PROBLEM 4.100 C Conte. ) 





© Wes Pia CM -VV)+ — е — Е 
: CA pist) Mi CV м) 


= Pater (Л, М) xx 


Luv] 


3 « (lot/st) [ o3] || 
(о. 3443) + з wee |^ | Jl CT 





D 


н 


int а 





| о.ж). (145х103) к] Bh (3) 


Also, with the lal Sas moll e quad oA of cte 





m= BM. Carnet MAID: (HYD _ узуге? lb 
RT, NY {РЬ (s¥o°R) 
29.43 lb. ор, 
м, = Р, Va. з where Р. v given by &s. 0) (4) 
RT 


«ме T= тез 59096 (WF), u,= USVo*R) , hz ACSVo*R), 

Accordi тыы, T2 Cinn be dedernuned bu tol uino Е4-(2), toge ther witha 
Eqs. 01) 3) G) and kroum valum of "Viu, , ni ha, 

This scheme is implemewted via We {Ио IT cede: 


ІТ Code 


p1 = 14.7 //Ibf/in.? 

Т1 = 80 //°F 
Ті = T1 

V1 = 0.1 // ft? 

V2 = 0.4 // f 

К = 650 // Ibf/ft 


p2 = 14.7 + 0.043 * К 

m2 * u2 - m1 * u1 = - Wev + hi * (m2 - m1) 
Wev = 0.816 + 1.195E-3 * K 

m1 = V1/ v1 

m2 = V2/ v2 


u1 = и T("Air", T1) 

v1 = v TP("Air" T1, p1) 

u2 = u_T("Air", T2) 

v2 = ү TP("Air", T2,p2) 
= h T("Air", Ti) 


Now, USING he Explore buton , SWeep K from 650 do 750 lif/£t iy steps of |, 
get the following plots : 
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PROBLEM 4.100 ( Contd.) 


48 
47 
46 


45 


рә (Ibf/in.2) 


44 


K (lbf / ft) 


650 670 690 . 710 730 750 
K (Ibf / ft) 


Note that the pressure pl of ts linear, as indicated by ct), and could have 
been readily plotted by haud. However, the temperature plot is uon- linear 
P would be quite difficult 4o oblain without he use of /T or Other 
50tfTWwarve. 
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PROGLEM 4.101 


KNOWN: Heat transfer occurs to nitrogen gas contained iù a rigid 
tank. Gas escapes Through e. pressure relief v lve main tami» 
constaut pressure пи the fank. “The initial and tinal temper- 

| atures ave specified 

FIND: Determine the mass of nitrogen that escapes and the amount 
of energy transfer by heat. 


SCHEMATIC Ф GWEN DATA: 


ASSUMPTIONS: (1) For the control volume 
shown, Wey * O.(2) The state in the contro! 


can be assumed to be uniform at «n 
time during the process. (3) Kinetic and 
p effects can be neglected. 
4) The nitrogen behaves as an ideal qas 


with constant specifie heats evaluated 
at 350K. 


ANALYSIS: The mass rate balance takes the form dmey ldt = - me. Thus 
{he mass that escapes Is 


- Mz 
(meat =-| От, vy = Mr Ma 
l mi, 
With the ideal gas equation of state 
2. 
J м. 4+ = E(L-1] 

















EMT NENNT Jeu (кт. 
` (83W kT 300K ЧООК]! 1 bar || томи 
2841 kq 
mass 


= 2.904 c -———————EEÓo 


With the assumptions listed, the energy rote balance. is 
dU . 
rx = Gey Ме he 
Noting that Us = mu amd he = U+ RT, and with the mass rate 
ance 
dm 


m @ ok Фф = s HUIRT) GP 


= dA 
Qey = ™ AFT - RT fo 


For o^ ideal gas, du = с дт. Also, With m= PV/RT 
— 
dm = (Et) 8T. 


Tus |. ey » 1 m 
Qey = at | co dr + RE) ваг * BY (er +R) = 4{ 
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PROBLEM 4.101 (Contd.) 


Noting that Cs +R = ср 
Qu dt = (Ere) AT 
From Table A-205 cp = 1.041 7165: . Integrating and Inserting values 
2 Ta 
> Е ат 
f Qudt = (Pep |. T 


Qey = (PV er) 0м. 15 














_ Go bar ) (1 м? (точ Yea x) Yoo) lo Ма] LET | 
(eU LZ | 300|| Year || 10° N-€ 
2831 lco K 
= 1/043 L3. Qey 
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PROBLEM 4.102, 


KNOWN: The air supply to an office is Skut off overnight and the room 
erature drops. In the morning, the thermostat is resetand 


a known volumetric flow rate ef heated air is Supplied. 
FIND: Estimate. the time it takes for the room Чо reach TOF and 
plot room temperature as a function of hme. 


SCHEMATIC & GIVE) DATA. 


ASSUMPTLONS : (1) For the control 

Volume Shown, Qc, * Wey О, 

(2) The air behaves «s an ideal 
as with constaut specttic иесіз. 
3) The pressuve is taken as 

Jom every where. (Ч) Kinetic and 

ufial eneyg Y effects can be 

neglected C5) The room aw is well-mixed.. 

+ The mass rate balance takes the form dm [А+ = ms- Mr. With 
= мү у AmM/At =O. Thus „he mass th Me room is cemslaut with 
time. The onevgw rate balance reduces do 

Ale “go * 40 а А 
AT = Au ~Wey TH. hg his. h, 
Or, with © og > WML amd. h, = h єт) 


m dua + a ged” = m, (;- het?) 

Further, du = е ат amd А„— ст) = бест; - T). Thus 
mar 47 = Ms фә CTs -T) 

With AT=-A(ET) and epler = 


> return, mos m, 
Т, 2 10°F 
supely, ms 


200 t-3/(miw 
I20 °F 





7 ae oy = m%s dt (1) 
| Evaluating M z E 
үй, > (ND. _ PONI, 
Vs RVs 
С.ч Lf Lazy (200 C? mir.) 


1595 #- lof \( 
= = a BBO R) 
2827 Ib- R 


(Qu iw“ 


Pe = 13.69 Ibi mia 
| 








and 


pV А (1«4.1)(2000 ) J 144 | 


RT LSS 
(BS Gu) 


where the average ef the initial aud Anal temperatures 15 used +o 
estimate the mass. Also, from 4-20E ; К = 1,4. 


m= > 154 [b 
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PROBLEM 4.102 (Cont'd ) 


Integrating Eg. (1) from t=0 (тзт; =40°F) doang timet 


Aaa Ts-T\ _ 
CIA MEE di 
or, solving for T 
Т = Т, -Ст; ~Ti) exp It msi) 4| 
Inserting values 





T = 120- 80 exp 2 0.1245) 2] ( 2) 


Solving fer t. Whew T ТОЕ gives 


T, = 8.74 min 2 ta 


E¢.@) COM readily be plotted using Software. The following plot Was 
con structed using (Т: | 
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PROBLEM 4.103 


Kwown! Air Flows through a well- insulated chamber. The initial сом - 
ditions iu He chauber, the Supp coyditrons aud the inlet aud 
екі mass flow votes are Specified, 

FIND: Detevmine the temperature and pressuve of tha au in the chomber 
as (uv hens rci and plot for vay ious mass Hew rates. 


SC C EN 
V= 1 f3. 












Air discharge 
A 


— 





р = 


ASSUMPTIONS : (1) For the Control volume shown, JM 


Roy *O aud Wey = © .(2) The tenge rafure avd 










T, = 100°F E 


{ > | 
ecsuve W Tho chamber are UULforMm Air supply | * EN Pontrol;usive 
‘throughout at a Atme.(3) Kinetic and op: — SES 
poteutial enevgy Nect ave ne qibe. oft Abl m i Hel insulated 
H The aw tS modeled 0-5 aw ideal r M, 2 Ma2 E lb mur chamber 
with constant specttic Meats , Э Ірма 
ANALYSIS: The mass vate balauce takes He form d mo, [dt = v - Yn ,. WM 


со, 4, 2 Y^ , Ama/dt =0. Thus, the amount of macs contained within 
the control volume is constaut, Usihg assumptions listed ر‎ the energy 


balance is 

Any . go " o . 

"Xe > Жо yy + ма (hoha) 
0€ wi Oy = MU 


m 0 
mêk rudu = mih- 0] 
Where л, = h(t) by assum pow). Further, du = САТ and 
W(tl= Cp TG), se 


Mey Or SEs Or) | 


oc aT + (Me \т = NET, 
АЉ My Cor M „Сз 


Inyoducing К = Cp/ts 
AT mk _(mkT, 
at i іт \ $1) 
the Solution of JA differential Equation takes Ha form 
mk 
T(t] = € exp )ا‎ e| + T, 
Wits To) = Ti $ C= Т-Т,, FO 


TE) = Cr m) ер (у) +7 2 
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PIZDOLEM 4.103 CCont'd.) 


From the given data 
| Pi Vi (1471 лй. ) (1 f+) 


v R c tt Ibe 


144 2. * 
2933 egy seo e) 


| H2 = 050769 Ib 











From Table А-2оЕ ; k*1.4. Also, T; = 100°F and T, = 200°F, Thus, from C1) 
met bjs Tt) = ~100 e 9???" < оосо 
m= 2 Iblis Т/Ф) = - гоо е 0.0562 Zoo 


~ 1.0455 + 
m = 5 lb/s TCO = -loo e ad + Zoo 


The pressure IS Р = me TCE Thus 


v 
| | 1545 £t llog 
Р = G ч lb ) 28.97 lh: e 


гэ) | — [ Tce) + 460] 
i= 
Finally 
m = | lbls pet) = - 2.0258 е — 17.3304 
mM = 2 lb) s 


РСЕ) = -2,6258 e` НЕ 


А д 17,3304 
+ aid | É - 1.6 55 


+ 17 3304 
Using (Т fo plot, we get 


T (F) 


p (Ibf/in.2) 





t(s) 


—e9— таої = 1 Ib/min 
—A— mdot = 2 Ilb/min 
— mdot- 5 Ib/min 
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CHAPTER FIVE 
THE SECOND 
LAW OF 
THERMODYNAMICS ~ 


PROBLEM 5.1 


KNOWN: Ó pera xv data. are provided for e. heat Pump 
Explain whether the hoot pep is in violahon of 7^ Claustus State meut 





E^ D: 
SCHIMATIC L CIVEN DATA: 
ОФА (Фа ay Dwelling 
O 2. 
Qin © our 
ASSUMPTION: The heat — is < Convent’ mat one intended for devel ling — 
Fron en atetyrcc power input, 
an (ес Кес power input thave ص‎ 


AMALY (IS: Since “a heat pump is driven by 
ho мг ріл Кол of ths. Clausius Stat ment, wich refers 


only to cases where the 
sole effect woua ba a heat ansta fron a colder To a Le tic body. 





PROBLEM 52* 
KNOWN: Air Өл рои; i Sotherma lly be heeen s peu fred states. 


EM: Evaluate Ha heat rans fer Onda work fer the Process, ond 
expla ia ye o. Violation of. 4 Kelvin -—Planck. State wext Occurs. 


SCHEMATIC т GIVEN DATA: 





T= constant 





V (GO) 

1 lb of airn modeled as an (deat gas. 
(з) Kinehe and роле tres, 

play the role of o. the rnat reservoir. 


ASSUMPTIONS’ C) The system is 


(2) Temperature ге мла Г Constant . 
es are absent . C4) “Th rene ‹ 

(Sy^ Vólume Chumgo rs the only Work heda 
ANALYSIS: An energy balance for the system reads U- U; 2Q-W. Howaver, 
as ane internal energy of an ideal gas depends on temperature only) ОО; à 


balance теңесе. to сә = МЈ. To hard W 
V2 


Ns pev > Ty ЕТУ = n) 


= W _ 11545 ¢+ (bt КЕТТЩ Btw Бє m) эм Wo Gy 
9 (RS) ee BA ( DG = 3.2. Btu Win, Yo 


718 715 (4164 
The Kelvin- Planck statement of the second law refers to systems thet 
undergo ther modygnamrc cycle s «uale Commvns Co ting Hharwmally witha Single reservoir. Here, the 
ny Sten undergoes & pmocosi~=not o cle, , Accordingly, the (Kelvin -Planek statement te not 


<o мо Violation can he claimed. Sie leta, the С (олггог 
(лө equivalent © do Kelvin ~ Planck SX ек و‎ с wo t مھم‎ 


qe v3 مہ‎ ap p 


Twas, the energy 








pus cab le 


T tae сосе. Wurth Ha in for math om (v: dad ) 


viola fm 4, qw second Law. 


PROBLEM 5.3 


KNOWN: A Sy stem undergoes 


a cycle in vretation of the Kelvin- Planck Statement 
of the second law, 


FIND: Show that o. violation of the Clausius statement of the second law 
I$ a Consequence. 


SCHEMATIC & GIVEN DATA: 
ee mae. SIYEN DAT 


ё? 
Hot 
Reserveir 







P em  - es we 


Reservoir Qe 


ASSUMP TIONS 1:05 y stem і 





Undergoes a Cycle while receiving energy Qu from the. 
hot reservoir and developing werk Weycle. (This is in vrolation of the Kelvin- Planck 
Statement of the second law.) (2) System 2 undergoes a cycle while 
removing energy Qc from the ceid reservoir and discharging energy Qu 


to the hot resevvor. The work developed by System | is used to drive 
System 2. 


ANALYSIS: An energy balance for System | reduces +o 


Weyele = QH 
For System 2 an energy balance reads 
Мосе = Qi-Qc 
Combining these expressions 
Фи = Out Qc 


Next, consider a Cow breed system consisting of 5ч: м: land 2: 


On Qut Qc 


HoT HoT 
\ RESERVOIR 7 / \ RESERVOIR, 1 De / 
boundary of і i | 
the combined | 


| 
жеђ» | | 

system ы eee — ( 
Y*** mi { 
۱ 


"m = = ab |^ "1l 
| | 
| | 
COLLO Сор б 
RESERVOIR Qc RESERVOIR, c 


The sole result of the combined 343tem iS that a net amount ef energy 
aoviolaton of the Clausrus statement of the second law. 


PROBLEM 5.4 

KNOWN: A з \ stem undergoes o. cycle while Commun cating with 400 reservoirs, The 
System develops Work while receivin Qc Fom the cold reservore and 
discharging Qu tothe het reservorr, 


FInd: Evaluate th claimed performance Using te Second lac. 


SCHEMATIC T GIVEN DATA: 





ASSUMPTIONS The system Shown in the Accompany ing figure undergoes 
Ow рех cycle while Communicating thermal ly with two reservorrs of 
shown, 


ANALYSIS: An energy balance for the System reads 


‘Weuele = Oc ¬ Qu 
Tha Claim cm he evaluated using either tr Claus e$. mw the Kelvin. Plank statement f 


Ca) Clausius. As shown in the figure below, let чке given ey cle drive 


o heat pump eycle- 


HoT Qu Qu 






heat pump 


COLD " 


Qc. 
Aw energy balance foc the heat pum p reads 
Qu = OC + Мус. 


Or, with Weyele = @c-Qu 


On = Qc + Qc — Qu 
Next, consider the combined yS tem of the two ty stems to, ether. 
Tre sole result of the Combined system гг that a net amount of energy 
Qc + Фс is trans ferred from the cold reservoir tothe het reservorr. This 
is a violation of the Clausius statement of the second lau~, so the 


HOT — Mw * Q сабе _ original system Cannot operate 
— —*— as assumed, The inventor's claim vo 


inveldd, 






| 
boundary of the | 
combined system 
| 





PROBLEM 5.4 CContd.) 


(b) Kelvin - Plank. As shown in the figure below alet Qu be suppired toa 
System under а oma о. power cycle. 
HoT 





Power сүсіе 


7 
Weycle “сусе. 


Next) Consider “fue Combined Sys ем formed hy the two Systems and the 
reservoir, Observe that the hot reservoir experiencer ио met Change as rt 
receives Qu from one cycle and Supplies Qu to the other. Thus, since the 
Combined system ic made up of parts that undergo cycles or experience no 
wet change, the combined System operates in a cycle. Moreover, rt 
exchanger energy by heat transfer with a Sing le reservoir: the cold reservoir 
while produang a net amount of werk. However, Hus is a violation 


of the Kelvin-Planci< Statement of the Second law, so the orig inal system 
cannot operate as assumed. 


hot 


SSS = “1 boundary of the 
«X HOT | F2 tos bintd SYS tem 
"TK | 
“ае, <j | ll Weycle 
i | 
| | 
COLD Lue o 
Qe Qe 





PROBLEM 5.5 


KNOWN: Energy trans fer by conduction from a hot reservoir to a Cold reservoir 
takes place spontaneously. 


FiN D: Using the Kelvin - Planck Stade ment of the second law, show that 
Such a ppnocess is irreversible. 


SCHEMATIC T GIVEN DATA: 


Ta 





Te 


COLD 
RESERVOIR RESERVOIR 


Sa ee ee 





ASSUMPTIONS: (1) The system shown jn the accompanying figure receiver energy 
Q from the het reservoir which parres by conduction through a rod at stealy 
State +o the cold reservoir, (2) A power cycle is ovailable for use ѓи 
demonstrating that the Process is irreversible. 


ANALYSIS: The objective in this proof by centradvetion is do devise a sys- 
tem that undergoes o. cycle which develops work while the System commuarcates 


thermally witha single reservoir, thereby violating the Kelvin- Planck Sta temen t. 


Noie:Q mprasents the energy trausferred from 
tne coid reservery ihe hat reterve’r 
К ге Withest awy eher effect. 
power сүс 
RESERVOIR ' — = | RESERVOIR 


Notes Q represents The energy discharged 
to the cold retervovie Trom the 
power ey cle. 








Weyele оста а a 


The System shown above consists of the original system plus a systema capable of 
undergoing a power cycle Cassumption 2) This Combine d "System undergoes а cycle as foll- 
ows. C!) An amount of evergy Qu is transferred from the hot retervoir to the 
power cycle , producing work Weycle and discharging energy Q +o the cold reservorv, 
(2) An ameunt of ene ray Q is transferred from the cold reservorr fo the 
hot reservoir without any ether effects. (This would be possible ouly cf the process 
described in assumption | were reversible.) 

Since. Q is added do the cold reservoir by the power cycle in the first 


PROBLEM 5.5 C Contd.) 


Process of the cycle and the same amount of energy is removed from the 
Cold reservoir in the Second process of the Cycle, this reser vow ex persences no 
met Change in its cond: Ten. The power cycle enclosed within the combined 
system also under goes a Cycle. Accordingly , the Combined System undergoes o 
Cycle in which work Weycle is Produced wh, le erchang rng energy by 
heat teans fer with a single reservoir (t he het сеѕегуогг ) . Soch a cycle Vio- 
lates the Kelvin- Planck statement of the second law, and thus is "possible, 
I+ follows that оле. у or both , of the Processes making up the cycle execut- 
ed by the Combined syrtem must be im poss: ble, However, as the first pro- 
cess involving the pewar cycle can occur, it îs the second process that 
wert be impossibles energy Q cannot be transferred from the cold to the 
hot reservoir without other effects. Ву ае фиг ом, then, the transfer of 
energy Q by conduction from +the hot tothe cold freservorr rs "rreversi ble. 








PROBLEM 5.0 
KNOWN: When an inter connec H ng valve rs opened, o. Gas expands from one half 
of o. tank to the other ha 4 whieh гз initially evacva ted. 


FIND: Using the Kelvin- Planck Statement of the second law, show that such 
a process i's irre versi ble . 


SCHEMATIC ® GIVEN DATA: 








ei gid and 
insulated 










qos Fills 


half o-f 
the volume 


gas fills entire 
volume V 


“+ о. | 


ASSUMPTIONS: (1) The System Shown in the Accompany ing Fr gure Undergoes о. 
Process in which tha gas expands Spontaneously to «и the en tire volume Ve. 
(2) During the process Q = W =O «)The inital and final stades are e qur 1, бегом 
states. There is no change in kinehe or potential energ between these 
states. (4) А dturbrne and a -+thermal reservoir are очага ble for use 
in demonstrating that the process (t irreverti ble. 


ANALYSIS: The ob ject in thes proof by contradiction is to device a yS- 
tem that vndergoes o. power cycle wh'le the system Communicates theym— 


all wrth a sing le reservoir, there by Violating the Kelvin- Planck Stete- 
ment of the cecond law. 


Before considering Suck е. System, note that an energy balance. 
for the Spontaneous process 15 


Ufinal - "Uwe = яў. 2 


W here acsump hens and 3 have been uste d. Accordingly, 
Upinale Tiniha l 


That is, the internal energy of the system does not change in the free expansion , 


PROBLEM S-U ( Contd.) 


As shewn in the figure below , modify the system +o include o. qdurbrne 
and introduce a thermal feservorr the Surroundings (assumption 4). 


фал ыа on 









Thermal 
reservoir 





і 
l 
C agus ep =e @ ы» aD au 


Star kn a with the gas Filling the entire volume V, let the modifred ту Stem 
undergo a cycle consisting of three processes. 

Process |. Let the reverse ef the free ех pansion occur without anu of her 
effects: That i$, the Qas passes Spontaneous ly from the right half 
of the tank until it fills only the left half, (Thrs would be 
peser ble only of the process described ги assum ptron | were revers- 
ible. ) | 

Process 2. Let pert of the gas expand dhrough the tr bine ‘nto the right 
half of the tank until dhe pressure in both halves IS 4he same, 
Jn expanding through the turbine the gas does work So that its 
Internal energy is decreased? U < tal. 

Process 3. Remove pert of the Fank insulation and add energy by heat trans- 
fer from the thermal reservoir until the internal energy of the 
аас is restored to its гија! value. Thus, a cycle rs 
completed. 

The net result of this cycle га Чо draw energy froma single resevvoce 
by heat transfer and produce an equivalent Amount of work. Such a 
eycle violates the Kelvin- Planck statement of the second law, and thus 
iS impossible. Since both the heat'ng of the gas by the reservoir 
(process 3) and the development of work ay gas passes through the 
turbine ( process 2] are рог. ble, ut can be concluded that tis 
Process і that ù impossible. Since process | rs the reverse of 
the original free expansion jit follows that the original process 
is irre verscble. | 


PROBLEM 5.7 


KNownt A gas Qo rA a P ‘sS ton - cand as seu bly vadergoes ©, quasi equ: |. риги 
prowess, | 


FIND? Dedternune f теа proce ss Lo in Herna 119 reversible. 24+ Process uy revers ple. 


SCHEMATIC 2 слем DATAS 


2.. 


Guage vihi loti vm 
P CES сс 


і 








э 

The pocos oa guasreguilibrinmn process, 
do the diseussim of Sec S.Z, foch a (t: ما‎ internet, 
[peus usorvid. ہما‎ reuera only f the, surroundings were alfo 
free 9 eee veloci. theo مه‎ the gas Ои dsr 44-9 the indi co Xd peuss. А revert ı bole 
pouss аз one inwhich ture ола ио intirnrel or external ie revera bib hes. Thug, 
te ven hil dy we ths Cape CAN о dea; dad only T further informah’ oA about Ha 
Surroundings ù provided: 


ASSUMPTIONS! 1. Ths gas is the system. 2. 


Aw ALTS (5: Ref erring 
Cevertible. Th 








PROBLEM 5.8" 
known: Water within a piston - < — assembly cool S Peo the rae] at 250°C 
Керле Sa We ated Vepor Аъ sahara kK £44 wd. 


END: Deternuns if the Process о internets revert le, ш reversible. 
SCHEMATIC < GIVER DATA: | 


pu — 
40% 


mpe rali on 
ран ол M 
nearby sare, - 







AssumeTIONS! 1. The system is the water Ww the piston- ey Linder asse mle la, 


2. Thre system vnder4oe: a Constant - tempera hare Aro cost fre Saturated ы en 
4o tatvrated Liquid . | 


ANAL TSI» Since چا‎ wp era ture c, Constant during +ha procase, the (fro ssusre 

otto The Wrens Constund. AS Slew 64 the T-v «гаад ر‎ the ممم‎ cess д о [eaventr 

of equ ls bp ^i ہیں‎ оо у an d thew, US in dari. Yevertiole, 
Ths peocess to nat reversible hae cause олда ق‎ A di$ke ot irreversibili ty 


w thse suvreundings— паме ly he Sp on ta vaout мао transf -]e- i4 ^5 p ^e 
рае Һоее fre wajer at 2,50% and Tt S urround'ng f “А 70°F, 
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PROBLEM 5.9 


KNOWN: А system Undergoes o. cycle reversibly while Communicating 
thermally with a aingle reservoir. 





SCHEMATIC Т GIVEN DATA: 
eee eee ee ee 8 2. 





Thermal reservoir 


Heat 
transfer 






System 
boundary — — ^ 
. і 

| 

| 

| 


ASSUMPTIONS: (1) The system shown in the accompanying Figure undergoe $ 
o reversible cycle. (2) During the cycle the Sy STEM Communicates therm- 
ally only with a single reservoir. 


ANALYSIS: Let rhe System under фо ene. Cycle. А ссох dina to the 
Kelvin -Planek statement of the second law , the work for the 
cycle is zero or иеда уе in value : Weycle SO. 


As the cycle /s reversible, it is Possible te retorn both the Sys- 
tem and its surroundings tO therr inihal stades. According ly j 
there would be no net Change ù the condrtHon of Fhe. 
reservoir or the elevation ef the mass used do store energy r 
the surroundings, 


The atoeve stare ments are consistent only if the зи A equal - 
ite i£ used: Wewqcte =O. 
4d. In Sec.$.3.1, the Converse is demonstrated: ТГ the sign of 
equality applies: We«ele = О › then the cycle is reversible. Taken toget- 


her, these tore demonstmt ons establish the following Proposrh'on: 
Tf, and only if, the sign of equality applies w Е9. 5.1) the cycle. 


`$ revers:ble. 


PROBLEM 5.10 


KNOWN: А power cycle T and a reversible power cycle R operate between 
the same two freservoirrs. For these cy cles 122 16 e 
Fino: Show that eyele T worst ign ireeverrs: ble. 


SCHEMATIC È GIVEN DATA: 





ASSUMPTIONS: (1) The System denoted by R in the acco mpany ing figure 
under 4 oes a reversible power eycle while System Т undergoes 02 
Power cycle Such that NIN. (2 Bota Cycles receivedhe Same 
energy Qu from the hot regeryo'r 
ANALYSIS: If NIIR. and both cycles 


| receive Ӧн from the hot 
reservoir , WI = 2/2WR LWR. 


In 4*5 proof by coa tea d? hon , assume T үз revers clle. Then, rf 
I operates in the opposte direc hon as a retrigera hon (Cor heat pwp) 
cycle, the magnitudes of the energy Mansfers Quy, Qc , and Wr would 
remain the Same but would be oppos: tel directed as Shown 


im the figure below. With T operating in the opposite divech'on, the 
hot reservoir would experience wo net change since rt would re- 
ceive Qu from I while passing Qu to R. 

= ne ee 


HoT — EOE 





As the combined system shown in the figure above is made vp of 
Ports that execute Cycles or experience no netchange , the Com brned 
system operates in a cy cle. Moreover, (t exchanges energy buy heat 
trans fer with o Single reservoir: {ле cold reservoir. Accordingly, 
the Com bined system must satis f Eq.s. | expressed as Weqcl e =O, 
where the sign ef equal dq is used hecause R is reversible and 
I has heen assumed reversible. Evaluating Weyele Lor the Combrned 
Sy Stem. in terms of the work amounts WR and WT, Weyele= Wg— 
Wr, + follows the r | 

| Wr = We i 
As this Conclusion PÎS not in agree ment with the requirement that 


WreWe, it can be concluded that the hu pothesis is false and 
pi must be reeevers: ble, 
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PROBLEM .5. 11 


Known: Д reversible power cycle R and an irreversible power сусе. Т 
Operate be hueen the Same. ten reservoirs. 


FIND: (a) TH each cycle receives The Came augur A * Crocs ta. 
kot Agservvir, Show tad T Чез cba es Мела twrt Co the cold 
reservoir. 7 


Cb) T4 Ф CL. cycle de velop: TOR Same net work, Show thet T 
| Cece yen معا‎ Av fag feu. Pus Let Лода рую г, 
ент час # IVEN DATA: | 





^ To slew: 
a) Rus бшу Gc > Өс 
(b) Weer ey Ga Ән 


HOT Qu Qu 





We > Wr 


Сор Qc Qc 


ASSUMPTION. Tha system denoted by R in the accompany ing fig ure undergoes 
о. feversible power еч сіе while system I Un der goes an irreversible powe v^ 
cw cle. 
ANALYSIS HO) By the fret Carnot Corollary у "Ag >Viz. Since both cycles 
receive the Same amount of energy Qu, it Fellows 4hat We У М/Т, 

An energy balance for R ond T read, respectively 





We = Qu - Qe 
Му = Qu- Qc 
Collecting results 
Qu-Qc > Qu- Qc 
According ly 


Qc > Qe яс — — ——— 
as was to be demonsvated. 


Thus j not only de асла cycles develop less work they also discharge 


more energy b head trans fer to therr Surroundings , тасери Unc veas~ 
^9 the effect of thermal pallu hon. 





C6) — N R> Yu ond Wee Wr = WN” / 
N, > = = Qh > Quy 
Qu Qa 
FA M Wot arseron WATE weintuned bq, Tay, — 


Fram Yee combush on 4 a fossil fot, Cyce I wourd AP _ 
Ho fuat ЛАД vir evate f. Also, note Cacle I also 


| | d 
Would haua the — Ey с сод г -Jo tre col | 
Aaa Н Fo {Са Com and ly Ca) Would al be app cable. 
/ 
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PROBLEM S.I 


KNOWN: The Kelvin -Planck Statement of the Second law: Weyele $ O (sing le 
reser vor). 


FIND: S how that all reversible power cycles operating between the Same, 
two reservoirs have the same thermal effrerency. 


SCHEMATIC É GIVEN DATA: 





HOT Qu 





ASSUMPTION: The systems Shown in the accompany ing fXqure each undergo 
reversible power cycles while receiving the same ameuat of energy Qu fren 
the hot reservoir. | 


ANALYSIS’: Let cycle R) operate өз е. reversible се trg епо гои (or heat 
pump сч сіе). The magnitudes of We, ; Qu , and Qe Seman the tame but 
are now oppositely directed. Further, with R, working in the opposite 
diveetion , the hot reservoir would e¥percence no net Chang e in ts 
condition Since it would receive Qu from К, while Ре 15/05 Qu to Ra. 


The demonstration |S Completed by cone’ dering the Combined Sys tem 
Consisting of the two cycles and the hot reservoir Since its perds execute 
cycles or experience no met Change, the combined System operates in © 
Cycle. Moreover, vt exchanges energy by heat transfer with a single 
reservow : the cold vecervorr, Accordingly, the Combined Sy Siem must 
50444 the WKelvin- Planck statement expressed as 


Weycle =O 


where the equality ш used because all parts of the combined system are 
тее o4. бггеу гус. be |, her. Evaluating Weycle in terme of the work GQmounts 
We, and We, 


Wr, - We, = О 
ov^ 
Were = We, 


Simca each of the power Cycles recexvet the Same energy inpul Qu) it fellows 
khat Ya, et Vin, and tius Completes the demonstration, 


amp up лә SED л» Ge «=, — | 
| 





| е ! bevnders ef the 
eunéery 
: ——— 
| | 
— — 
| | Re 
Qe oY Qc 
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PROBLEM 5:13 


IKNOWN: The Kelvin- Planck Statement ef the second law: Weycle <o ( single 
resevvorr ). 


FIND: Shew that (a) the coeffrerent of performance of an irrevers ble re- 
frigeraton cycle is less than the  coef freien? of performance of 

a reversible re frigerah'on cycle when both exchange energy by heat trans- 
fer with the tame +wo reservoirs, (b) all reversible refrigeration 

cycles operating between the same two reservorrs have the same. 
coe £fverent of performance. For parts (с), (d) , 4e mext page. 





SCHE MATIC 2 GIVEN DATA: 
QU ANR Qn2Qc+Wr 


HoT 





WR 


ASSUMPTIONS: The systems shown in the accom pany tng f gure underg o 
tefvrigeration cycles. Each cycle removes energy Ӧс from the cold "Vetervoir, 
R accomplishes Фиг: reversibly while Тоў; irreversible, 


ANALYSIS:()Let R operate as a reversible power cycle. The magnitudes 
of WR, Qe and Qu remain the same but are now oppos tely directed. fur- 
ther , with R working in the oppo tite direc tt o › the cold reservoir 
would experience no net change in ts Condrhion since 't would recerve 
Qc from R while passing Gc to T. 


Tne demonstration is Completed by Considering the combined sys- 
tem consisting of +he two cycles and the cold reservorr. Since rts parts 
execute cycles or experience no net change , the Combine d Ty Se m 
operates in a cycle. Moreover, it exchanges energy by heat transfer 
with a single reser voir: the hot reservoir, Accordingly, the com- 
bined system must satiety the Kelvin- Planck statement expressed as 


Weyele < О 
where +he inequality з used because irreversible Cycle T гз included. 


Evaluating Weyete in terms of the work amounts Wp and WT 
Wg -Wz <O 
or 
WR < Wy 
Since each of the re r'a erah'on Cycles receives the Same energy input Qc 
. ر‎ 
ft follows that [эк > ®т and this Complete: the demons tra h'on. 


: | 
l 
и | сор | \ 


Ф 





lu des ы айаш тар Sey am as 
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PROBLEM 5.13 C Conte.) 


ANALYSIS (b) This Propesrthion Can be demonstrated in a para Ile І wey by 
Considering two reversible refrigerati on cycles R; and К, operating between 
the tame two reservoirs. Then, letting R, play the role of R and Ry the 
rol-e of Т in the previous development , o combined system consisting of 
the two cycles and the hot reservoir m ey be formed which must sat's fy 
Weyele =O , where the eq va lity бз used because all parts of the combsacd 
System are free of irreversibili hes, Thus, it can be concluded that 


WR, ® WRAL | and 4heve-ore Bn = Br. 








Parts lc), Cd)? 

FIND: Show that (C) the coeffrevent of performance of an irreversible 
heat pump cycle is less than the coeffraent of per formance 
e. reversible heat pump cycle when both exchange energy , 
by heat transfer with the same two reservoirs , (д) all reversible. 
heat pump cycles operating between the same two reservorrs have 
the same coefficrent of performance. 


SCHEMATIC £ GIVEN DATA: 





ASSUMPTIONS: (The systems Shown in the accompanying {ое undergo 
heat pump cycles .(DE ach cycle Provides energy QRH +o the hot reservorr, 


R accomplishes this reversibly while I is irreversible. (3) Beth cycles 
operate between the came two re/Ztervoirs. 


ANALYSIS: Cc) The demonstration paratiels the approach used in 

Part(a). However, in the present сазе the Combined system would Consist 
of the two cycles and the hot reservoir. СЫ). The demons ма ом 
parallels the approach used in Раг СЬ). 
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PROBLEM 5,14. 


KNOWN: The Symbol © denotes tempera ture on Kelvin's 
scale. 


одали" с. 


5 





ca) Show that O©einT+C , where T is temperature on the Kelvin 
«cele. (eo) Determine the range of temperature values on the 

logavithwrc scale. (c) Obtain an expression for the thermal 

e Fhrevancy of a Fevers: ble power Cycle opera hing between reservoirs 
at Gy and Өс onthe legarithure Scale. 


ANALYSIS: The two scales arite From different Spec: fications of the. 
funetion VV in Eq. 5.5 


(39) . Y 





Qu tee. 
Thot w 
2 } : Je Kelvin scale 
lata Т 


Scy = exp Әс 
Qutev 
cycle 


ev p Он 


(a) By Comparison of t€ vast. Awe equations 


Te = exp Ge ` exp L&- Өн] 
Tet exp On 
Thus 
In Te-dn THz Oc - Өн 
and rere fore 
Өз і" T+C 


where С гъ 


@) 
لڳ‎ ——— — 
to zero on the logarrth mre 


a constant. determining the level of tempera ture Corresponding 
Scale. 


ship of port ©), tempera tures on the logarithme Scale vary from ~ о € 
+ со. 


у... (b) 
(c) Use of 
AE) - ex p Oc 
(= eye 


ete. ехр Өн 


(e) Temperatures on the Kelvin scale vary From O te + 00. With the relation- 


w Eq.5.2 gives an ex pression fo- the thermal ef h'ev ofa revers ble 
power cle while operating between reservorrs et tempera tures 
Crk and eG. 


on the loqarr 4h arc scale. 


ey Өс 
=| = OE 
v exp Өн 


се) 
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PROBLEM 5157 


KNOWN : The gas temperatue Seale jntvodvced wm Sec. 1.6.2 
scale defined uo Sec.5.4. 
FIND’ Dewmonsiva te that the two scales 


and th Ке lvon 


are (dea hiad. 


SCHEMATIC T OIVEN РАТА: 
س‎ — 





ASSUMPTIONS: 





C) The Sy Stem Shown ‘л tne figure Consists 
of a Jäs obeying puz RT where T’ deno tes tempera tere on the 
(0 gas scale, a) The systern Undergoes A Veversible cycle wh le. 
Commun Ca b^ they ara tly with reservery at Ti «nd Te” . (з) Tae cycle 
Consiste of four . processes in Series! 1-7 i$odét e 
3-4 isotherms at Tr 
effets are absent. 


at Th) 2-9 advabahie | 


4 - | eda abn hc, (4) Kinehe aad pe tea hod Energy 


) 


ANALYSIS With ASSvinphem (=), an "nens x balance. in d. f feren Ё 24 fe ал ^e «dg 


dus 509) — §( W/m) 


Then, since the Processes are wternaily reversible ) § (W/m) = pdv-, Als o, for duc ideal 
gas, duz GAT~, 9 Gllechns Aoral ti 


Т^ = $(G/«)-pdv >> cvdT^s 501) ~ RT Gar > суат” §(O/m) - RT dtar- 


ar 





Precess 1-2: The gas temperature iS Constant at TH, 50 


с br’ = §(8/m),.. — RH dm > Cm) = RTH алууу; ) CU) 
^ — 
Расса 2-3: There is Vo hoat trans fer, and the Gas temperature Var (e$ From Тн © (с, SO 
те“ 
O / - Cv dT^ _ mu^ (2) 
у = dT > — dha U _ { — - z5 
^, 4 — л {he ess I$ 
(^ececg 3-4: The gag temperature is cens tant at Te jand the heat rejected ѓи {he proc 
* 2 | — nr (3) 
С/у у= Rc A. (Ал) = | Oh) yl- RTE La 3.) 
Pavcess Wl Yol: There is ve kat елар and Hu gas temperature varies fron, Tc тн”, jo 
f VST 2 -RA(QX) m | т”. кд a (4) 
б 7T M m^ Т” ч 


Foun Eqvah' os. (2) and (4), Uy = Va Ir or Vif vy, = у; е Using Фал сеги 
{о qe {har with Equatons U) aA (3) Gives 


| G/m)s-4] _ Te 
(Q/m)i-2 | Ta 


Ula cl Corre sponds to Eg vahon §,6 vader lying the kelvin Scale, This LAIT. le T, 
where T denotes temperature on tue Kelvin scale. 


ê: The revers, Mc. cycle РОТИ here. C»rvesjondt +o fla 
Cornet cycle dis coss ed in Yee. 5.6. 
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PROBLEM 3S./6 


KNOWN: A System undergoes o. reversible power cycle while receiving and discharg- 
ing energy by heat transfer with juo thermal керек Voir. 


FIND: To snevrease the thermal ef fece ) determine whether it auld be 


better to increase TH or decrease Ta. 


SCHEMATIC & GIVEN DATA: 





ASSUMPTION: The system shown in 4ha accompanying figure undergoes a reversible, 
Power cycle while receiving and discharging energy by heat transfer with two 
thermal feserveirs. 


ANALYSIS ї Trends can ke determined by Ча {аел hie h'on of €4.$. 9, Wech ш 
applicable ux СХС case 


„ү _ X . 
EAN = Try => Аз Ty increases » TL à nereases. 


3", | | n 
( OTe ^ fy Тн Y , 


QuenkhXekue evalvahons alio con ka had USING Ca. 5. # 


=. физ Ж 
етен 


If Т is decreased by € degrees ر‎ the t^e re cA e fh en e to increased 





= !- бее) _ 
5 | Ln T ш 


If Tus increased ^d є degrees, tha thermal! еен a is Cassa d 
T 
>| = =Â 
M Tat € 
= Tn-Te + € 
————— = Nte 2. + &/Th 
TH + € TCU 


(2) 
TH + € ite е/Тд 


Combining 12.0), (2) 


= МЫ — « 
(5 1+ 6/74 => “а — == —— 
Accordingly, it would ba more benefraal to decrease С than tacreate 74. 
The possibili of increasing thermal e fFhi'eveney by reducing Te below thet of 
0 the Environment із net prach'cal J however, fer maintaining Te below the 
own brent temperature would require a refrigerator that would have % be 
Supplied Wort +o operate. An MAL л ¢herma/ e есеи ey by mnereasi'ing 


Thy iS limited by the preperties of the materrals used to fabricate 
tha $4 stem undergeing thea Cycle, 





кыз nina ы 


1, | А discussion of the influence of the. temperatures : of heat 
addition and heat rejechon on the thermal a Естеп со of ргасіх сл. l 
Power cucies ѓе provided w Sec. 8.2.3. 
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PRoGLEM 5.14 


KNOWN: Two reversible power Cycles are arranged in Serj'es. One cycle 
reject* energy: Бу heat transfer to o reservoir et T while the 
ether cycle receives energy by heat traurfer from the reservorret T. 


IND: Determine T when (а) the net werk ef the two Cycles га equal, (6) 


the thermal effra'encies Are equal. 


HEMATIC 2 GIVEN DATA: 








ASSUMPTION: The Systems Shewn in the accompanying figure undergo 
Се меғ ible Power cycles between therma| freservorrs, 


ANALYSIS : 


(o) Equal net work case. An energy balance for each System gives 


Weyate), = Qu -Q 
(меме у, = Q Бн Qe 
In accord with +m above assumption, Eq. 5: 6 gives 
9-1,9. 1 
Qu Th G2 T 
Serting th. werk expressions equal and eliminating Qu and Ос with the 
Above expressions 


Qu- б = Q@-'Oe 
TH@-Q= Q-Q 
T T 
T = THtTe ш ju T 
2. 
(b) Equal thermal effi ciency Case. In accord with the above assumphiea, 
Eq: 6. $ applies, giving | 
e фо ш 
MI TH 
"hs 1- Te 
T 
Setting the etfrcecences egual and Solving 
T 





T= | Te TH 
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PROBLEM 6.18 


KNOWN: Systems undergo reversible power, refrigeration) and heat pump 
Cycles while operatng between tha Same tum thermal reservoirs, 


FIND : Obtain expressions for the coettraents of per formance of the 
ге frigera Кои and heat pump cycles m terms 94 VYmax, the therm = 
о\ e FA селеу ef the power Cycle, 


SCHEMATIC £ GIVEN DATA: 








ASSUMPTION; The systems shown in the accompanying figure undergo 
reversible cycles. 


ANALYSIS: In accord with the above assumphion, Eqs. 5.8, 6.9, and 5./0 
ave applicable. For the power cycle 
—XE zl- = 
Thus 
E и 
m^ і na 


For the refriqerahen cycle 
0 6 Ea 
— Th -Te l= Тет 
Accor кіч 
| Am Мк 
|= (Imo) 


= |- Vent C 
— 


Bey = 


For the heat Pump cycle 


Th Ө | 
Yuen = тл 1 fh 





Accordingly 
| 


тту 


may 
= d | 


| 
Vna 


PROBLEM 514% 


KNOWN: Operating data are provided fer a System undergoing a power 
Cycle while receiving and drs charging energy by heat transfer 
with two thermal reservoirs at speufied temper atures. 

FIND: For each of three. sets of data, determine if any princrples of 
4 her mo Oy ^ vates are violated. 


SCHEMATIC € GIVEN DATA: 


Energy balance x 


Weyete > Qu- De 
Definitron : 
Ws Weyecle 
Qu 
ASSUMPTION: The Sy stem shown in the accom pany гиа f'gure un dere oes ^. 
power cycle. 





ANALYSIS. | T 
ca) Que 100,5, N сусје = 400 «з ) Qc=300 KY, Thasa volwas cat's fy 
thn, energy loa lance. ond q 
үү = “сусе = 400 25. 0,571 (57.1%) 
Ge 100 EJ : 
The magimum thermat e Fe eeocy fev any power cycle onder -tha stated 
conditions A yu by Eq P | 
T 300 
Thuas Ya second Ха wu” о alto sats fred. Tice ы мо «рь t Violation 
of + hest ard Second laws 
G) © = CHOKT, Neqcles 400 eg Сес 240 T. There veo satis fy the 
еле гӯ Aenea, and Ave 
Үүт ЧОО «7 - O.402$ (62,5 ҮА 
ОЁЗ 
As Ү\ Wa ду, TUS Power ev ea л „з? A شرفم‎ . Hau u ко 
op paw Viola ton 4 a Gest antl есед Laws 





(c) «н = (HO ET, W сус, : (00 ET Mer 200 KT Werth Heen volas 
fer Qu — Re مال‎ dry, ero rea e eta 
Weyer Sue? (u0-200 2440 ЕУ 
whacin doto rut agua with مہا“‎ quet Volo . Accordo mts, TC. 


Conserva tov. of energy principle te wot satis fied, There wo v 
Need to Consider theo second Law unde Such arcumstanctes 
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PROBLEM 5.20" 


Operating date. ere provided fer a sy stem Un derg oing a power 


KNOWN: 
cycle while есе and discharging energy by heat tranfer 
with two thermal reservoirs at рес гед temperatures 
FIND. For each of four sets of data, determine гЁ the cycle rs 
Teversi ble , irreversible j or impossible, 


SCHEMATIC # GIVEN DATA: 


Tae 2000 R Qu 





Energy balance. : 
Weyele z Qu- Qe 
De чи: Кем: 


= Weyel 
~“ та 


ASSUMPTION: The system Shown in the accompany ing figure undergoes a 
power cycle.. 


ANALYSIS : 


(e) Qu: FOO Btu, Weyae = 480 Rha. Tha Vine ( mum +herwal eff'a'eucy for any 


power cycle under Ha stated co n dti ons ts given b4 Es. 5.8 
. SR .075 (159) 


T 
zs س ا2‎ 20 


YY 2l- 


| меле Given date 
We«cle _ 430 Bw =O, (50 (50 5) 


" Q u 7 $00 Ber 
© wea di < VA MAK, +lis cycle is Irreversible. لوچ‎ — — — Ca.) 


Cb) Qu = $00 Bh, Сос > 200 Btu. In uc CAEC , rt vo Com V€ AA ent “to uoe fir 
Thor met acre on w Ths јо! (оону form 
= oque ERE £00 _ сул] 7$ 5 
Y= Qu = | - 200 О. 5 ( / 
یں‎ 15 mondl. — U 


© (АА Ү\ = Vmax , thes cy 
Up pres Sing the taar nt aj ee n 


СӘ Weyele = 800 Btu, Qc 400 Ви. 


W terme A) Given ди hhes | 
Werle =a _ $99 — - 0,90 (0%) 


^ - WW c4 cho + Qc. 7 $00 +700 
> M E . 
Sine М > VV\max, thas Cy che ما‎ impossible.  —( 


(ау WZ SO 4. Sia M < Vi, «C4; Cocke c ivre verii iol e  -— (d) 
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PROBLEM 521^ 


KNOWN: Operating data are provided fer a system undergoing a 
refrigeration cycle while receiv: and discharging energy 


transfer with two Thermal reservoirs at рес tempera —— 


Аму: For each of feur sets of data deter mine If the cycle iS 
reversible, irreversible , or impess, ble. 


SCHEMATIC É GIVEN DATA: 
9€ Energy balance: 
Weycle = Qu- Qc 
Фе ифом: 
fini'h'on Qe 


Weye le. 








ASSUMPTION: The $4 stem Shown in the accompany гид f'g ure Uncle rs oes 
o. refrigeration cycle. 

ANALYSIS: 

(a) Ӧс = [S00 kJ, W cycle = (SO KJ. Tha -—5 — n — Co 


(5 = — ев Ed = 10.0 


is vue coeffyracent of Performance vader the stated Condit’ ons 
is к Кыды, Eq. 5-9 


@ 8O ` 10 
xc с. a °` (320-29)K 


According | ad В >ре, the Cycle is impossible, qa (а) 


(о) Qc: 1400. 3, он = 1000 KT. witha trary bre e ce , tre соусе 
of- pev fer ^^t Cow ke written ad 
Re (400 ex 
(5 ^ аа Әс  (le00-I400)k3 -— 





Ё = (9, TU Cycle is reversible, Ce) 


(€) Ruz (000 kJ, V2cqcte = ЧОО KJ. Leith the euer lo alan cq , fre 


— per Te ^ Co ba wr Чои 02 © 
| Qu Qu -Weycle = (1600 +400) 


(5 = = YOO 
Месе i 


Аз < Bane, tlas Cycle c iccevecsible. «a —— —— — — —  ——— Cc) 


(d ) £ = 5 , As [А < беч, feu cycle 15 irrevers, ule. <j Cd) 








= 3,0 
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PROBLEM $5.22. 
EeowN: А reversible power cycle receiving Qu from a hot reservoir 
drives a fe мдер ол cycle. Hat moves Ge dvo a cold Гезе гурге 


EIND: — Devetop an expression fo- Gic/Qn w terms of TI, TelT. Plot 


Ge/ Qu Ve Sus Telt and Te( To, eacha fr ane «fred Value: of +t. 
Other je w-pera ture rahe . 


SCHEMATIC $ GIVEN DATA: 
Th Qu 


~ — not reservoir 


| ER ' 

i i 

۱ C m atmosphere at Te 
| Юй 


I 5 
Qe 


ASSUMPTIONS, (i) Each of the Systems Shown inthe ACCOmpany figure 


undergo reversible cycles, (2) The atmosphere plays the role of о. thermal 
resev vovv, 


«иь — ат» e 
"» e eu» o» ae 


cold reserve: 


Te 





ANALYSIS: AJAn energy balance fer the power cycle gives 


Weucte = Ou = Qo 
An energy balance for the refrigeration Cycle gives 
We«ele = Q5 — Qe 
Combining the last two expressions 
Qu - Qo = QE - Qe (0) 


As each of tne Systems undergo reversible, cycles between 
thermal reservoirs , Eg: 5 6 '$ O.ppivce. ble. for each. That is 


Q Te 

com > 95a. (2) 
(3) 

Qc _ Te — To 


SvbsH hing Є 9з. (2) and (3) iato’ Eq. a) 


Qn | '- = | = o | 2 -1 ) 
Solving for Ge /@u 





Qc ('- =] _ 2 p] 
O [€ -1] Te to — Te 


= (Te ITAL * i] — — —— — 


ne ene — — = 
- $) 
Sawple calcu lah nas When Тт”, =т= A ) AJ an 24.5. haw | b / 
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PROBLEM 5.22 (COpnd.) 


(b) Plots · 


Qc/ Оһ 


Qel Qn 





2 22 2.4 





Discussion: 
Whew Te/To is specified, 
lavgev values of He rat 


Өч Әһ corvespond to 
larger values of Те (То, 


Matis Qs Fas To è 
› Qu To 
When TelTo is freed, 


26 2.8 3 32 34 36 38 4 
Тһ/ To 


—e- T:/To=0.95 
—ё&— Tel To = 0.9 
—&- Тє / Te = 0.85 


Dis Assstom : 

When Tw! Te is Specified , 

larner values of The vata 
Q</ Qu Correspond jo 
laraer values of Te/To, 

Which \$ Мод о" €. 
value ef ucl ' 

That cs, 8:4 ao 15 + 1.0 


WIAA Ty / To ts fixed. 


Boso note that fov a xed. 
мойло ot Wa atid QL Qu- 


е.о). a volue of 5 - the 
0.85 0.87 0.89 0.91 0.93 095 veaguuwed value of Ty 
| Те ` nareases as Te decreases. 
—e- Th/To=4 


—H-— Tn/ To = 2 


524 


PROBLEM S.23 


Crown: A РРА power cycle receiving Сән Lr сыл a het reservoir at 
TH drives e. hear РР that L's chargea Qu to < Nager ii A rid 


FMD: Develop an expositi fan- Qu /Gu w derms of Th, fe, Th’, Te 
And deernune +42 re (а иол م‎ Aves ta Hape ra tures for + be fia hc to 
exceed unt. If Та'= Тє = To) plot Gag verat Т.Т ard Te (7a, each for 


Selected values of tha other Je erar ra T o- | 








ASSUMPTION: Each of the systems Shown in the accompany ing figure under— 
go reversible cycles. | 


ANALYSIS ` An energy balance on the power cycle gives 
Weycle = Су 4 = Qe 

An energy balance for the heat pump cycle gives 
Weycle = Qa - өс 

Combining 
Qu-Qc = QR -QÁ Ct) 


As eoch of the systems undergo reversible Cycles between thermal 
reservoirs, Eq.€.6 Сз applicable for each. That ry 


бє т -EQ (2) 
Ән TH x diii. вы 

Oc q^ > ^. Te m4 (3) 
Со ПА БЕ г: 


Sue sube, E9S. (2) and (3) into д: CI) 


он (-Җ]+ ec [17 €] 
Solving for Gu/Qu 


_ Te Qn 
Qu _ ['- x1 уте] | Oa 
m _ T e T. (ETA > 
Qn [' =] Te [ Ta?- €] 
(o) Qu'/Ou > | when 
Te TH 
Te | Тн” 


(<) TE TH! 2 Te = To, n 
— ^A [xx] 
On _ Te [ 8 -Ta |> Qa - To 


Qa ^ TH L t-Te’ Qr Th ا‎ =] 
To “To 
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PROBLEM 5.2.3 Clontd.) 


Sample Co.leutatrons : T/T; 32, Te'/7, = 


Он / Он 


2 22 24 26 28 3 32 34 36 38 


—e-— T, / Те = 0.95 
—A— Te / To = 0.9 
—B- T; / То = 0.85 


Qu / Qu 


0.85 0.86 0.87 088 089 09 0.91 0.92 093 0.94 0.95 
] 
Tc / To 


-© TH/ To = 4 
A” Tu/ To = 3 
—H- Т/Т = 2 
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<5. 79/7 =4, Тет *.4; Qn Jay 22:5. 


Discussion: 


when Te'/To is fixed He 
ralio Он/Ац increases as 
Tul To increases. That i$, 
Qu + gs Tw 4 

Qt To 


Whar Te' 4 To ts fixed. 


Dis ures son '. 


When Tu / To. is fixed, the 
ratio Qu'/Gu creases as 
Te'/To inneases , Where 
Te'/ To is limited bya 
value of unity . Thatis, 


би’ ! 
Gy, fa E +10 


Whor т»/те is fixed, 


Aco, woke that for a 
fixed value of Ha 
ratio Qu/Qu — ega 
Vale ef 5.0 - the 
| reg ured valua et Tr 
СА Слеас̧ес as Te decresses, 


PROBLEM 5.24 


KNOWN : Operating cono hons specified. for =. Sa Stew Conrnsting of 
© Power cycle driving a hand Puwp ore Shewn cw the schewahc. 
FIND: Obtain an ex Pression for the Maximum theoret ek value of 

the nabo CQ, + QJ/Q« in der Of T/T and 7/74. Plot +h nato (Qt $2)/ Q 
Versus Ct (Ts) for S pec. ed values of To /Td. 


SCHIMATIC X сизлә DATA: 





Fuel 


ASSUMBTIONISS 1. The Ке. Shown in the schowatic is at Steady Stata. 


2. Tha tore ei value fo (Q,+O2)/ qs w` achieved ux +c 
0 alsence b indevnek itreverw bil: les. 
o 


о> Ф Qo- Q,- эйр doz dad, - d, 


Ct) 
With a $ sumph m 2, Eq 5.6 Can lag invoked to ч” rn te 
power cycle: Qı = Qs ) heat pump: ib. = © (2) 


л Т; т x» 


The сао (Q,«09.)/Q, سی‎ Ga On prs steal ana Fo tl nara) ws He. Egs. C00, 02): 
From 645 (2) , we have 
= 2 Qs and. бох de. o Фа 
Inserting 4 маа wh, Eq. C) Hs iw fec ©». | ®; 


i = | ilo эта ? 
Ig Eas +0- Qs => = JED ET Jas 


Te 
s — Ta Ta - Ty © ‹ 
= “Фе 7 x 
: : р Tr (Td (< 
ш Q ‚+ qu z ئ چ‎ Ы = xl]: _ | Ыы Е2Я] 





- Taf THE 
i| % -Ta 


\ т т) — а 
= (75/74) | — (7/74) | 
тета = 2 , TIR = 08S ر‎ (® alla = 3-83 

Ties 2, Tlu= oA j (O,+OYRs= 6-5 

G/T zv, тт о. 45, (6, *6,) [aes 105 


Sample تخا‎ [а Ti ons: 
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PROBLEM 5.24 (Contd. ) 
(e) PLOT 16 


14 


12 


$ 


(à, +Q,)/Q 
o © 


о 





2 22 24 26 28 3 32 34 36 3.8 4 
Ts / Ta 


—ө— T,/ Ty = 0.95 
— To / Ta 0.9 
—B- T,/ T. = 0.85 


The plot Shows that for fixed "lo[1d, the rato (@,+G2)/ Gs 
increases. a, Т [та sncereases. Note ФА T/T ә Au wid d 
be a Value of милї * + dwellina іе пси kur е Ta Looutgh Never 


be Lees thar sre outdoors +e wpe roa tere. Fot example , When Ty= 243 K (20%), 


` : He «пега Haves 
the Heee reos Shown m th plot cor espem d +o out door are 
To= 278к(5°с) , 2E¥K (-9°C ) ) and 244K (->че°су, respec hve ly. 


Tha presence of irrevertibili her within te у < ел expected 
+o exact a penalty e TF two sys toms operating ао Shown w thro 


ЅсАе илас each euve Gs fran a -fue | › «^4 one гу Stem bao 


wrreoenryibih hes omg fre oto does not ti wx accord wit‏ یہ معا 
bor e hat the chewable oct Cows: (Q)+@2) wound le greater‏ 
in the dank Cate than oU achak Cage. Using Cone n t3 fron ta‏ 


n 
posent © Hr, or dem Chas. 6 tad F o follrur, this conclusion 
can ЯЯЯ female. 
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PROBLEM 5.25 
KNOWN: А System undergoes e. reversi ble cycle while receivin aud 
direla à energy o heat transfer wsi th het and cold fetervoirs. 


Determine the therret efheency and the net work developed. 
SCHEMATICS сем DATA! 


FIND: 






Qu a 500 Bhe 
Ta: 2120°R (100° E) 


We 
De Tes S30°R (10°F) 


Qe 
ASSUMPTIONS. (1) Tha system is Shown on the accowpanging figure. (2) 


Tha sy stew Undsyvagoes o. reversible Cycle while Cove tra Co Ti ng Therese Ily 
wir Aha Wot and cold Aetervoirs only 


ANATS With arcunphaZ , Eg. So is applicable, qs 
Ric \ 9 30 R 
= - (295 Bre 
TM суде 2120 OR =» Фе 


for arn HAR рио d y na naa Cycle ) thea net wore de veloped equals 
yha net haut addeds 


NN cycla = Rua- Ac 


= 500-125 = 31S Btu — ç — Wiee 
Б eny power Cocke tr +h e yn efficiency с2 





_ Neue Е NS . OFT — 
0 A* Cw - 500 j ) Á 
2s 


A Ree پىلەس‎ , as Ha power cycle os reversible H 
Ther ve. ep e^t Can be ealculate d Using d с PT 


net- "Hm e OFS GS) 
2120 


Jn 


Wey = Y| Qu = (G5 )(500 Bn) = y 
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PROBLEM 5.26 


KN own: Steady State Operating data are provided fer a 
Ty stem undergoing a power Cycle. wlile Aecejv. and 
discharging energy 54 heat trans fer with e het aud cold 


(es enc» cet tem peratures "Т and 2.80 € , Asepectively 
Frr2D: De ternune qha Me ou rare hoe Value for T, le K. 


SCHEMATIC = GIVEN DATA: 
—————————————— 


Weycle = 40kW 
Qe = 1000 kJ/win 





ASSUMPTIONS: CO) The system з Shown on the Accompany ing Figure . (2) The 
system undergoes 0. power cycle , (зу The data provided = fer operation 


at stead, state. 
ANALYSIS: An energy rate balance gives 








0 Wace = Qu- Qe 
or | 
Qu = Weycle * Qe 
z | кә min 
4oxw (ks) + ооо kJ nin) 
e 56.67 «J/s 
n= Weycie_ < |- Te 
Qu T 
Т лесі Values 
4oxah 2 1 ZPE 
5 6.67 | T 
e 260 < l- xo = 0.294 
up. 527 
EE کاس ت‎ 
"Ten 
4. ^+ steady State, tla cycle enemy, balance and dna. ما‎ 


ede t^c» عط سم‎ «л pra sied wr terms of rates: 


Weyele =: Qu- Фс 
ү\ = Weycle 
Q y 
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PROBLEM 5.27 


KNOWN; Systems under go reversi ble power Cycles while rece‘virng and 


discharging energy with thermal reservoirs, The thermal 
effrereney (s the заме for hot and Cold reservoirs et /000 


and 500 К, respectively , аз for hot and cold reservoirs at Tand /000 K, 
Determine the temperature L^ 
SCHEMATIC € GIVEN DATA: 
зл „= 


FIND: 








ASSUMPTIONS The systems sheun tn the Accompany ing Figure undergo 
reversible power eycles having the, same thermal efficiency, 
ANALYSIS : En accord with the above assumption, Eq. S.B 's applicable, 
giving 
_ soo 
MES |. —— 





/000 
Sinee MIL Na 
600 = 1000 => T= 2000 саи 
1000 T 








PROBLEM 5.22 


KNOWN: A system undergoes a reversible power Cycle whose thermal e ffrerency is 
50% while receiving and discharging energy by heat trans fer 
temperatures Воо k (127% )' and T, respectively. 


FIND: Determine Т; 


with fesevvorrs at 


SCHEMATIC È GIVEN DATA: 
| T. (BOOK. 





Y= 50% 


ASSUMPTION, The System shewn on the accompany ing frg ure undergoes a reversible 
power cycle. 


ANALYSIS: In accord with the above assumption, Eq. S.B гз applica ole, giving 
т 
05 = 1 ج‎ = 
(Воо 
Solving fe Т T 


те Чоок, ھھھ‎ 
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PROBLEM 529“ 


known: А system Undergoes a cycle wht receiving and satclarqs ng energy 
“д heat transfer witha tuw acaervorrs 1 Krom femnerafures. 
Ел For esch of theo зрее је Va lute q L^) rarat اک‎ en cy detey won. 
if the Lamed ope rahon ЭХ feasible . 
SCHEMATIC 2 GIUEM) DATA: 
142900K @ 
(a) “> Slo % 
(e) n= 40% 





Rc 
sys tenn Shoum w the scha uric undorgser a power 


The Wwe 4 my wm, Haa r مہہ‎ "CAU ov Ф. oer ہں مك‎ СФ 
the stad conditimo v y nde by Pky E uL = 


ASSUMPTIONI: Tina 


ceke, 
AMACT SS" 


ы Wis, Че. ы ا‎ eee <9 
Ce.) Y|:56 7, . Since Hur clarmad Value dc neatly — ů throre ho 
Vota, ) t~ cycle must ba ب اہمعہ‎ A das ہا‎ opera trm • А houch not 


tulad vub by Hu 8-е Сел Asa, ut wm unlikdy for an actvsA power cycle 1o 
perform ar d uu a Ravel 


(p) n e N07. Since Xt clarmad Vola بف‎ Liesl (en Nmax , To cycle is 
feasible . 


PRO BLEM S.80 


ENON: ^ system under goes O power cycle while receiving and discharg i 
| energy by hat trans fer with two thermal reservoirs, o teady state 
opera ting data Afe provided. 


FIND: Determine sf the cycle can operate as claimed. 


SCHEMATIC Є GIVEN DATA: 
Tr=2400R (02400 Bta /m'n 






= 10002, EZ! 
кеек o 
ASSUMP TIONS: Ci) Tha System Shewn in Tha accompanying f'svre undergoes е 


Power cycle. (2) Tne data provided is for Operation at steady-state. 


ANALYSIS : Using the given date, the thermal e ff cene by 


3 Weyele | (ёьь\ ре : 5 
н | | 


Ф 400 Bie 





^s 0.636 0349) 


Th maximum thermal efficiency for any power cycle under а EY 
condi Kons is given by 64. 6.8 : 


> فعا‎ mE V adati of Pern frien чо “з — — Nmax, 
the clam Cannot be volid. 
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PROBLEM 6,3] 


KNOWN: A sys tem Undergoes e. Power Cycle while recevin and discharging 
enerjy Ed heat ‘trans fer Ávow a Source at 1боо к and № cooing 
Water at soOk, respechvely . Steady State operating data are_ 
provided. 

FIND: Deternune tha minim number ef cycles иеги. 

SCHEMATIC Y Given DATA: 3 


Source 









Ti» 1500K, 


Wey ele = lo KW (Qn - 0 kJ 


where n= cycles/ min 


ASSUMPTIONS! U) The System shown in the ACCewpan LY figure undergo elt ese 
Power cucle . (2) The date provided t< for Operation at Steady State. pP 
(3) The ‘Source and cooling wa far play the roles of bat and cold гелек reypechve y. 
ANALYSIS: The power de veloped m vst b lese phan ر‎ or eg oa ÎÛ 5 ر‎ the 
Power TU оола مط‎ dave Ce ped b o re vers ble power cycle 
opere Tina be tween “hev mal reservoirs at toa Speafied dew. pero dares ; 


| ‘Te ө 
lOk«W < | ps IQ 


=> | . be VJ 
Bocls о x3 c yc ler — [e] 
5 |t X ES L^ tue | COs J V 67/5 


[500K 





lOKWN < [o.82 n KW 
éc 


75 < n 


Accor tinge, e actyo® device wrt equine tS, or rete. Cyctoo py илуу Йй. 


PRORLEM 5.32 


кюйю: А system undergoes & power cycle hile receiving energy ©) 

head transfer Krom ecu Stam and dire harg ing — ed leo 

trans fem t a lake at 70°, For the Cycle, Y, 74095. 

FIND: Deternune the lowest possi Ы е Coadensag S feam temperature and +ho- 

Corresponding pressure. 

SCHEMATIC = GIVEN DATA: Каре сыш 
Сон et Test 





Weyde 


Lake at Q 
Te = 530°. ы 





ASSOMPTIONIS$ U) The Sy Stew Shown in the accompanying fare лл dergo es 
O power eyele. (2) The Condensing Steam and the late piley the roles of 
the bot and cold reservoirs, respechvely 


ANALYSIS! S ince Rat дасе as Teat decreases, the 
Condensing Stea w~ Pressure 


lowest possible 
corresponds +o the lowest possi ble conde из? и) 
Steam de» pera ture.  Moveover, + the yeaa | e-f herency most be less than, 
or едо | јо ) the thoy лла і effievency of dx 


reversible power cycle 
operating be heen reservoirs 


at the Spec тесі temperatures ? 
0.40 £ EZ =] = | — 530 


TH Tsat 
br 





обо 2 $39 د‎ Baz 8R (423°F), 
(5.4 


Thus, the lowest poss, b/ e ЅаА еа шты tempera tec rs 423 F. dodeepeletiug 
in “lable A-2E , the Corre sponding Sahra Kon pressure rg 319 lof/iu® 
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PROBLEM 5.33 


KNOWN: Steady- State operating data are Provided foc e. pus qiero: 
Undergoing a power 


c^ che wh: reca: and discharain energy 
by heat trans fre at Чоо and 70°F respect i « ل‎ 3 
END: De tarimu ma The مہ‎ её 34 Lo ise barack And compare with Tra 
FA vm Uu -threpre V i alba. c 


SCHEMATIC 2 GIVEN DATT: 
лл 
Steam at 1360°R Саб 0°F ) 







"* 3676 


Weyda = (00M WP 






Cooki é WATER 
: eT 30°68) 70°F ) 
Qe 


ASSomMPTIONSL: 1. The Sy Stew oum in the Scho matic uanderg oes о power 
Cych. ©. Opera gn ù at Steady shte. 3. The steam aud соогу watar piy 1 - 
roles of hat and cold assevvoirs, respec Б vela. 

a co) For any cycle, — S tate 3 Weycte = Q H- Ф e ر‎ 9 

©. = Qu - суме. Also, y Weycte оң =) Gas Осус [Y . Се Иеси Asoutty 


b e 
о. : | 8.413 X10. BhwWh |. с, 
Ges Ween [ 4 -1 [ = оомо | 3^! | = e3 .2 AW | oo | SSHL Bie 


(v) тма Ahay not «Ач. must La Ress than, or Qquaelto, thre tir ene — 
oQ a Anwatibte میں حسم‎ oprwaling be шуга. veservars ot 7н = (360%, Te: SIOR: 


€ | I- Te Каз = UD счел, That ын 
1 L m9 Y "eger 
( 2289 у € |= 539 - 0.6| => оо M W <. joomu+ @ с. => 
(1) оом Qc) ^ (Bo . 0.6 
eB f| _ 2.19 «(o Bh 
\ 3. Ф175 K O = 2 
à, > 63-1 “a a 3 


Thuo; the илл AA muu Apo re N cal Ast о-© cele ہت‎ Dns C o oe, (4 I 2 
te Ths cooling үтүче. с 2:18 xro ВМ/А, 


Comparing +r veut e Qc 


Qc _ SSTX(O* WM. „ шу 
Сес)м» дио BIA 


Twn, dischev nk Up over ZA times ter )و را‎ ous ооч cot date, 
ris dlugales flat irreverent. И ео wittun +h fu stem — елаш сы Ce. 
A wr. 
|l. “Tre achat trey met „=з 9 J 38%, te Consider ells. Хг + hon а. — 
vals, Ыг о , былк © the affect t irreversih Rer. 
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PROBLEM 5.34 


Soe А power Cyc operates bhetueen Surface ecean water at 27°C 
Qand (д9. јас a6 e daph 799 m Us tae Pe + ео FAL a FPL. 

E *^oD: De ternura th V (od +theore ct they M еи e is, 
SuUa cycle and compone with TU observed the rnp pret e 

of. OTEC pover y 
SCHEMATIC 2 GIVEN DATA: 


Ocean sur-face 
«t Зоо (27°C) 


Т дст = 2%, 





А+ a dept FOO „л: 
Rc 280K(7°C) 
ASSUMPTIONS: l- Tuo System sheum in twee scha mate User 
d ; 
2. Two ocean surface аме and Wate ata Чар+ 4 тоо мл. lay Pod дра — 
ond Cold fposervyorrs ро Spocki ШЕ 


MOACCOC: (5) The dare aurane ara pou cycle under ha. села nay 
mus С Be Rss Than, ov 9А Vek li T^ xL y nn i Гө ияр тену pouar са СА. 
opreting kehen ^92 атуу иу Ot Th= зоок , © 22.8016 ) Axe peaks امہ‎ Que to 
пе LBs [E] оов (UR) Mw е a 
о) T£ Nat 2065 a 
Viact _ 2% 0.3 


Nua _ 7% 


That о | for we accumed Condit use , act OTIC еч cles o paraka | 
at 30% of На vi uu Joe eut value. This indicates -hut 
Mure may be Some Scope foe improving ac hu ak perfor manas , 


(04 a dee perc tiae prom у v Сам ven і met «илне 4 ° 
measures SRU, {а chevactyr sh САДА) [or mua V мале 
fr OTEC plants Sug gests thet Power لىل‎ wrt by rvu 
meant woud wot he compel h ve еа смем cath w: th otha~ 


Ком $ دہ م‎ Me u^ wae tol 


3 


KNOWN: . Het water at 350°F {з averlasle from an underground 
Source. The local atmosphere wat 60°F, 


FIND: Determine tha maximum possible thermal efficiency for any 
power cycle operating between these Temp era tures. 


` ŞSHEMATIC È Given! DATA: 
( Con*inu ed ) 
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PROGLEM 5.3 Y C Condd .) 








Loca | atmosphere 
«t S20°R (60°F) 


underground let water 


Source at (O0? (350° F) 





ASSUMPTIONS: (1) The зу Stem Shown in the Accompanying figure. undergoes 
о power сусе. (a) The underground het water Source and vA, local 


atmerphere play the roles of the het and cold reservoirs) respec vela, 


ANALYSIS: The Maximum thermal ef frccency Corres ponds to the Case 


ч o 
where Qn is received from a thermal гекке» а С gIO R 
and Ф out rs dwecharaed Q a -+herm 4 \ reserve at T20°R, and 
4a system operates Ws et irreyersibilihes, Thatis , Applymg Ta: $28 


Vase l= 2 -0.3«€ (388.8%) —— — —— 





і 








PROBLEM 5.36 * 


KNOWN: A power cycle operates between the ground at o. tupe va ture 
of SSF cand -the atweotphere at a temperature of —~23°F. A thermal 
effruanc of io 96 ш claimed. 


Find: Evalvate this clair .. 


SCHEMATIC È GIVEN DATA! 
ت‎ Els OD —— 


~~ > 
Wind — 2 d< 


o~ = == 





ground leve! 


ASSUMPTIONS: U) The 3y < teu. Snown ty the 44%, wn бега ое; = power cycle, 
(21 Tha ground at SSPC cA te ск» ю ч at -23°F play the 
anoles of hot aud cold reservorrts, respectively 


AMALTSIS, Tha муг мд» лд therma( e huency cy power cycle may 
Maye whtn operahn bahwee, lot ad cor ^9 rubis at TH and (c 


ر 
гез peck rek |) given by с%'5 `8 е‏ 
Милу (— E‏ 
H‏ 


S doas (460-23) °K - О.Т (15.1%) 
(460 455)°R 


Tha claimed performance uo in agreement with tha Qr ee ERES 4 tra 
Tecend law. Sit, the effruenty vale 05 Fo (oul as to raise 


Concer ny aver OC оло иас кшш Я 


53? 


PRoGLEM 5.37 


(D 





KMOWN: Steedy- state cperahry dada are provided fora solar- ach vo ted power 
plans. 

EIND: De ternrune thse mum theoyet’ ut coilech omaa. реа v red. PCs f 

ths collector aren versus power plant the rink ef freden te fer fp eee еч 

Values Aten collec фи effleiency | — 
SCHUMATIC & Giusy DATA: 


ASSUMPTIONS: 1. The sustem shown 

іи {he schematic is ot Steady state. All 
othev components are also at steedy 
Stale, 2. Some of Ha (исі Делі Solav 
Cuevgy is lost through unavoidable | 
heat trausfer from the solar collector, 
AM othoy compo лек expevience 

Vea iG bole Sive. nea transfer. 3. The 






: . Solar radiations 0.315 Wim * 


¢ Solar collector 


Surroundings at 20°C 


` 50.5 MW 
Storage unit and Surroundings _ ee | 
roles of hèt amd cold reservoirs, respectively . 
AwaAcrsis: The rate слезы iS collected and supplied do th Stuy age E 


CG\lectow саиси. Partar, at Ste State the nate 20944 co supplied 


To the TY Sten Un in i. A Сс АА, equals the Aa enerse, eviers the 


леч ° Quz (o.glsAe). The rnt есеи u of ЁС. power 


04 vo 3 Weyets/QH - Combiung thee apa i ono and Sling for A 


А 
: б kW 
A = Mete ^ Co.s Mw| ^w _ ise7 we " 
oe  {рзткй үү те : 


+ nd 
(0) Bu, iuspechen of Eq. 0) ) the collect. area А b Yla 
e kee on Hur Ap pach Rk maximen Volmsos @210 and 


i-e „ |¬ 2BE = 06.406. 
Vay = | dec d PR 
SS AW 15 7м - $404 — 
(0-406X1) 


Cb) PLOT: Ry Oc N < Vinay = 0.406, + plot Giving A versus Y for © = 1.0, 
0-718, and 0.5 vo 


100000 


Discussion ! 

1. The collector area requires! 
decreases as Y approadee Nwar > 
AS expected. 

2. for fixed и, tha collector area 


decreases % € increase ر‎ also as 


exp ected. 


80000 


60000 


A (m?) 


40000 


20000 





0 0.05 0.1 015 02 025 03 0.35 0.4 


n 
For compar is on, the area of afoot ball field о about 4350м*. 
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PROBLEM 5.38 


KNOWN: O pera hng data are Provided for a power plant that das 
energy eg heat Hance G a wirer. for environmen tik teaf£oAt, T la — 
4 T Aaver clowns Меки 3 th. pour plant г< feshected. 


Eswod.: Eshmb +u nein ctore А. - d evaleped 
Subject othe Rerlithen m mr Ruper tare. 
SCHEMATIC L GIVEN DATA 


Qu, T= I325°R ( 865 °F) 


— Li 







Ts 





| | Фе Тс = 530% (70°F) 
(А) River CB) Power Plate 
ASSUMPTIONS: 1. The ham systems Shown ui фиа Scho ис are at Steady 
Ste te. T. each Созул, Qe < in ths direchon o fthe arrow. 2. For system СА), 
effects ot Делу he and poten hot energy Cor ba ighore d. 3. Sys tew B) Undergoes an 


power cycle that receives energy fron a Hiervoor at ТА and dichrges 
LPT дд t oasservoir eA le, which equals T^» avera ver tempera ѓа ге. 


AMALTSISS An energy fate balance фу contre! volume(A) socer to give 
dez w [he-h;] = CVM Che-w1. 
A 


"n, wife AT CT) = 0.016ey (13106, Ws hel 7) = 36.64 Gh/lo , and 
he = he (72°F) = 40.04 51/6 Aro Teta A728 
Qo (ame ye 08) = 62b о? Btls 
o-oteos ДӨ — u cannot etchings 
Thus, tv meet the environ Mende еН KOENI 
©9941 b а uver a ^ Л. ала Н © с) MAK = ©. , 
| du 3W + ©. . Moresus, 
(urn © зч peu C8), On æ ^ r$ balance Gu cycle C / 
dio Mee сазлы Vet] e aaa ciem d ed E. cbe, 
' | РА . between reservoirs of 
ef ec еч, a Aste The e CAL. opra — es 
Th, Te * nyel- Ж] ر‎ arbor Y= Weye / Qu , 4 audi 


Wwe qct 
Р, : LL Se С) 
= Weye © (E -!] © с). Sa él Te 1 PERA 


Ta e; vetoes, БС) av 


5 Orn). 4.34 ro? Ite 
: 325° (6.26 xi Bh = (hs (6. 6 ° * )- а 37% a 
\wey Le < 330%. x | < | 


< -Ja еее eL - TE] Cepet t Be) 
TH 


4MW‏ .990 2 سے ل 
е < (а.за xc s | epes] | 310 ЕЛ: | °‏ 


аа аа 
(Nd счел) мах = 489.4MW 
TH10 


. — To t^ «ect of inreverosbihn es) an actvet power plant 


шоо Sevelojo Moch kegs poc dO Kee илолии оил +heore hice 
yose deternuned here. 


с. 24 


PROBLEM 5.34 


Known: A power сц сіе receives energy by heat transfer ata specified 
temperature amd rejects energy оч heat | Jer at rature Te. The 
thermal efficiency is one-half of a reversible сас (е operating between 
Yeseyvows at the respective temperatures. 


EIND: (а) Zor Te = 400K, Дей туйе he net power developed perunit of 
radiator surface area and he thermal officiency. (b) Plot these quauttties 
versus Тс and dlelevmine +he maximum Value oF the net power developed 


per unt area . Cc) Determine Ha range of T for which the net power per 
unit area is within 2% of He maximum. 


Scuematic d GIVEN DATA ! 


Gn 





Ti -ооо К €= 0.6 
1 + 
с = s. et xi 5 Wl K 


n 
| 
. ~n = - Te 
i wye Nesl- + 
J | zos(t-rj 077 Te [ты 
‚ & — 
т, Qc? ECA Te = € GA (ute 


ASSUMPTIONS : (1) The sustem shown tn the schematic undergoes a Power cycle 
and operates at Send slate. (2) Heat transfer at Te 15 "t by Рыбу, 
v60Aa Tun. , 65 indicated en Ha schematic, The surface feceives ио raahon . 
(3) For the power uscle ‚ MEOS Nmax 


ANALYSIS: The thermal е (селси of a power cycle vpevating at steady shite 
is Y = Wyde/ Qu Ç Twhrodacine е — саде balance, дн z po 


= Bibbia الست‎ = = ^ > 
YW Мада 4 Ae > "чек Gs | a 
Now, from above YF 0.5 (i-r) «d Q. = ETA т v^. Thus 


e 0.5 б-т 4 
Мае {250 | EC AT, r° 
| - 0.5 1-77 «t 





Simplify ing لمعه‎ solving for W wele ГА 
Wagte (^ - (ec Ty") к J | C) 


Ctt+r) 
(2) Te 2400K. Tn Hs case, r = 400/b00 = 0.6667. Thus 


W -8 W 4 ((1-. 6061) H ikw 
e = ©-6)(5.67 x10 —S— (600< к= TW 


ОАЫ г Waele ЈА 
ма 2 | 











Mso | | 
W*os(i-vj = 01661 (le.o1%) ~ 


G — — — — — — —‏ س 
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PROBLEM 5.84 ССем+ 4) 


(b) Plots The follow snp plots are constructed «$i vy (T: 


0.25 
T не From the computer data, the 
= maximum value fer Wes ole /A 
© = 0.15 is 0.2017 W/m? aud occurs 
< at т, > 468k. This is confirmed 
2 041 \ : veh. 
Ч by inspection of the grap 
= 
0.05 
0 
250 300 350 400 450 500 550 600 
Te (К) 
0.3 
0.2 
© c 
0.1 


0 
250 300 350 400 450 500 550 600 


Te (К) 


(c) For the net power per unit area within 2% of Ma maximum Value, 

098 ( Weyera ГА ) aon = (0.16 0.2017) = 0.1977 kW/m? 
By Aspect of Wa computer data: 441 K < Te < 491 К nrn 
* Mis is confirmed by inspect of He groph. 


Alternatively, the value ot r for whick Ww A (5 magim um Could be 
ул by b eutiatine C1) wits respect +o Fs E ei ha jai jn p exptess u^ 
8 


equal эе ad solvine Ter r. The result is С: 0 | , ممه‎ (арда ГА wns 3 0.20) T. 
This Gm ms Mae Cow vec Solutum . 


2. Note Mak He Уком mal efficiency corresponda’ Jo (м apta ГА ) икал | «s 0.1095 o. 05%), 
ln Mis applicatu , VK Ах лл 2 19e ۸ до ا‎ Meo ce. The Size of Ha 
roduator Suv Oe نعم‎ be a more курии umsiderakurn . 
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PROBLEM 5.40" 


KNOWN: Opera ting dete. are claimed foa- a му зе са h'n cycle. 
FIND: Evaluate the cla. 
SCHEMATIC AGIVEX DATA: 





Месе (62 kW 


са. Qc: 2S ,000 KIA 


AssumPTioMb: . The system Shown ux the schomati'c undergoes a tigerat o^ oy cha, 
ING ES Meewis 4 лчу) hg hak tran ve. Лао емири «X Te and dicen 
tera b9 heet Nani to a servor ot TH. 

AwPALTLic. 


Ает“; 24.22.457 together with Mamed opara hhg eate. the. 
Coe orent | performance be 


ley 














- Qe * (25,000 Lkw Ah __ S S.7۹ 

| Wee (bakw) | kS/s || 300 5 : 
The ило мим coeflicient perdue mance any Aer eroi tn مل پء‎ Can bane ws rahe 
о paro ting 


tween feservours a6 Te, TH 4 grea еч E< £9: 
Ques = کا‎ = ASK = U. Qo 
ть Te (293 =243)K 


Since Xe Ae. «ed Vela Te R exceede fA ax ر‎ the inventor's Claim vo галма [гі . 
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PROBLEM 5.41 
KNOWN I A tray Of (e cubes is placed in a freezer having a. coe fF hoec 
oF рес formance «£ 1O0 Operating '^ a room at 32°С. 

Find: Determine ‘fF the cubes would remain frozen. 
SCHEMATIC > GIVEN DATA: 


Surround, ngs at TH : 305 к (3 ec ) 
Qu 





Р = 4.0 


Freezer al 
Те, 
ASSUMPTIONS. () The Sy shew Shoun in the ACCOM Mma ING f 4 ure undergoes 
a ге реса h'on сусе. (з) ‘The freezer Се + pac tu eat aud ta Sov coU lings 
play the roles of T~ cold and het reseryorrS, cespechvely, 

ANALYSIS? As dascessed л бес. 6,62. , the achat coeff went of 

per for mance most be less а or equal G tt wef uent e 

Per fov mane of a faswersible ге frigerah on cycle Operating be hu een 
reservoirs at the spec: fled tew реса tor es А Then / with E; ua Һолл 5.4 

ana the Given value of 4.0 for tu. ef fiie ef per formante 


T l 


lc 
Е Е ЕРЕН Е 
У Goste )- I 
ос 

2057 <. | + ade 
"ua ~ 4 
Givin a | | 
J le 2. 275 К 


However, to maintain the frozen cubes the freezer most &* ол ЯТА К рог 


less, Accordingly, ں ھا‎ bes would et remain Frozen. ص‎ ———— 
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PROBLEM cua. 


Mieten Т" op era fing data, ave Provided for о. 
MD: De ter nune (o) the naka €^«re 
ref se ber 


ss Ye, ected Ou ft, 

јо tas Surroundings Юю Sy i CO) the 
lowest rheoreh c2 Ht yere dare u Sida tee refrigerator, and 
CC) tha egin haere h'ent Power that contd oa” 
developed 6 


a power cycle Tro tta energy rej ected. О:5сәзӯ. 
SCHEMATIC A GIVE NS ATA: | 


Refrigerator 
В = 4.5 


Surroundings, 20°C 






vili Tas 301K те: 243K (20%) 
7 Hi i Coils, 28°C (28%) 
ОШ | و‎ 
р d 
ШИ 


BUN 






ASSUMPTIONS: OD) Opecathown fs at Steady State. (2) Tu part Cb) 
thn interior of t= Ce у tor and the Surroundings play the roles of 
cold and he ^4 Ye voire | ferpectyet.. (3) Tn port СС), tow 

Coils and surrounds i p lay the Aele: e 19. lef aud Cold bodes , 
resgech М : 


ANALYSIS: Ce) 3: п Ee. 2. 45, A= Qin/ WR ‚ An energy ba lance 
foc +-— 


(no оу ге ado GHz Qin + WR ‚ Хи thote expressions; Qin 
б»? ге sent energy «nto +a Cirenlahng (frio et on frou. СА. 
food and ott conten ts mas مله‎ tee абера tor, Coll eci rg кеў АД 
- -W : e. 
(3 = —— = Que CHOW R = ( +45 0. €KW) = 4, 4 RW е— 
R. 
(6) From Sec. S 5.2, сыл nr thet f* = (Smax, w Кра [Sma e 


Wen fu &«. 6.4. Thus, with 7 293 (20°C ) and T h 
led paliar ре енда боч 43 Е( 2 а c, dene 





m TSS. THe Te => 45 Te € SS (itt 
Solving, Tc 223497 K . Thur teleost FAs lta бере ratur c 
bs سا ہے‎ д (ЫР a в 9€39.7K. : — ———— 

(c) For tt. power cycle Shown iw ths te toh tiha thoy nak edv cene 
to ") = Weycie/ сў p i From Sec. SS. | (we lere Y) SVIMAX J 


MAX Ga given 65 ?4:9 8. “Then ) with Te: 293K(20°C ) 
and TH= $о1К (28°C), we get 
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Реевссм S. V2. (Continusd) 


Wade si- Te m Wedee['7 A es 
an on TH 


e [i- BE] (444)‏ بهن 


© 4 0.12 kW 


Tha meg invan dore f cat powe c+ hat со ЙА et 
developed 4 ths emery ^a jected uw O0. 12. ie МЈ و‎ 


ج ج ج ج جج 
Note that ие Surroundings io thos naturak. =‏ .1 
reservoir for t^ fe бедеге tor, and thus Wwe ute‏ 
тн 2 2U3SK (20%) and net C сос! Hemp erature whch‏ 
would Aadaace to 2. 23 К if qha ге фи. јела о Were un plugged.‏ 
AIO бу ‘grater re ost ewer9 7) at an‏ ;2 
SL V о ДА-А‏ معدا thar no da na‏ ےنال رسام ج 4 ر حشمہ ob He‏ ن aug eve‏ 
حمطا dee Ud oo measured Po do powerr‏ 
lon eve oped {е ov^ c bo relat’ dv‏ امىب 
Ас cor 4 nl, thane œ / e ѓа centia, for ^ Heuph'ng‏ 
4o амды {his heat transfer у and Qu wm simply‏ 
ow dingo Uu Thout KAR’‏ دہ ںو ھ4 da s c lov 94d fo‏ 
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PROBLEM 5.43 


KNOWN: A €r404 еме c sample must be kept at —-iqy?F by а лабуда га тоо SY (hin. . 


Ered! Delerrune tha minimum apre li c power aquired Юсу леса or, 
SHS MATIC 2 GIVER DATA: 


Heat 
Leeg = : 







Surroundings T Tu = 


>» S30°R (*0*"F) 
0.055 Bh. Qy CPE 
& 


(- 195°) 


29 ow ap <» шо 


ASSUMPTIONS: 1. The system Shown w tte sche ила hc Undc oes < ге [vigere bn 
Cuts aO tee y state, 2. Tha Sample ds algo at Steady Sin fe. T. Tia 


Sample wl Surmundings py 4^ Aole 4£ + ld and het reservoirs, respec hvely 


ANALYSIS. The со есл end ^ pco eR 7) To» As [gen tor most e Loss 
then, y 2quet to, tH coment 7) pev Tw menas ei a Алёна ble nerve na. 
cyklo Op агл hns he Кюеу ag ёр оу e Tey TH. -r has, Wi TR €.2.4€ and €3. 7.9 
(> = (S E Qe <, ze "зу берме < UO ey ela. 
\ сусла T4 -Te Te 





А+ Steady cles تمہ »4% ر‎ е most Le (е woed frown Ha Ça ql € ед O oko 
Abs Apta حم‎ Дал 64 wt fre Savents е Thr , Qc = 0.085 G^: ) and 
< 


o.08 $ ®®%- (E < Wey cha e Pv PP A 2 0. 08 g^ | | 
S 26$ T MIN. 
S Les 


POWER 
= A 
PROBLEM С. 4-4 





KMOWNI: 5 ео - sit. Operating data are frond (m^ am ice maker. 
Е (А20: Detar mune tra tros Asks ice Car be formed at оС, per EW of power input. 







; S urrounds'44 £ 





Water e TĄ 
0C Qn «t Tu - 20°C 
(Solid -havid ) 
| 333 KJ|Eg of energy mut 


= he removed іо freeze water of о°с. 
Weycte 


A SSUMOTIONS? |. Tus су Stew Shown ww he Schematic Un do 4*1 a navigera hm cycle 


at Steady chte: 2. The water and Tre Surmuadinss ріку tw role of cold and 
Lol ascasviroirS . 


; phan 
ARACTSIS: “The сое tiiccent of per formance o 4 the re frigerahm с C. dan Ross J 
or equal to, the coefficient vi performance 4 < revertiole г han е усб. 
Optrahng belween vesevvoiys at Te, Tu. Гам, with £4.25 and ЄЛ“. 
BE лах Oc кте. 
ш cycle “ Ta Tc 


At Steady sht yd Aere Aa Harve d wh Rs erp watr مص‎ Q? (333 eq) М ‚ where 
M ف‎ the Ante us elo free yoo ر‎ w ce] h . Collect ^4 Ло uA 


| MC kalh) 273K V ac (273) 13600) _ 147-4 kah 
(233 raleg) MCralh) | Ih | < A M =(2%) cool 


Wigan (reals) |3608|  (293-273K) Weycte 333 REV 
МАХ. 
RATE 
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PROBLEM 5. 457 
KNOWN: А refrigerator maintains a re frgerated space at a s pec fred 
temperature. Data for operaf'en at Steady state are provided. 


FIND: Determine the coefficient of performance and the rate ot wlth 
energy 13 discharged D the Surroundings. Also, evaluate the 
Minimum theorel cag power input under tre Sid Сол і Ом, 


SCHEMATIC $ GIVEN DATA? 


surroundings at 75*F (535°) 


= | hp ) Qi. 200 Btu/min 





refrigerated space 
at 20°F (4$р°Ё) 


ASSUMPTIONS: С) The system shown n the accompanying fi'g ure under- 


goes о. refrigeration cycle. (2) The data ате fer operation at steady 
State. (3) The refergerated space and the surreundings play the roles of 
Cold and hot reservoirs , respechvely. 


ANALYSIS ` (A) By Зе илтеп of сесси ef performance 


- Qn . (200 В/м) рону | _ G 
O° Wee торур “зо 


From an energy balance. 


Qut = Qin + Weycle 


2S4S Biy/A| | ! h 





+ 2424 Bx aoo Gut 
min 


(b) The coe + uent 1 perforuanc mart oe less than фу aq ua | to , the. 
со» д cient ^ Perfor mance ^ AA» ble retis era hos cycle operati 
ра kween reservoiret Te = ¥90°R, Тн : S3$9R. bath Єз. 245 and €4. $9.9 


Qin P Te => Weyer. 2. Qin fale “| 


“суси. и Ty TL Te 


> (oo Bie) | comin ава 


X | 


Thus, he minimum theoretical power required is 0.54 hp. a = power 
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* 
PROBLEM 5. 4b 


KNOWN: A refrigerator maintains o. refrigerated Space at c specified 
temperature. Data for operation at steady state ore provided. 


FIND: Determine +he power input required. 


SCHEMATIC É GIVEN DATA: 


Surroundings at 24% К (20°C) 
A Lr a Qin = (9,000 lk $/h6 


Weycle B = 0.25 Bea ax 





refrigerated 
Space at 233 (-409C) 
ASSUMPTIONS: (1) The system shown in the accompanying frigore under 
oes о. ге fri qero іч ом cycle. (2) The data оге fer operation at Steady 


state. (3) The refrigerated space and the Surroundings Play the 


coles of the Cold and hot reservoirs, respech'vely. 


ANALYSIS: The сес cent ot performance of a reversi bl. re friq- 
eration cycle operating between reservoirs ot TH 2243 К and Te 


-23$ К is given by Ea. 5.9 


тї E 233 Je = 3.99 
(мака cu ^ (асаа yk 7” 


B = (0.359(3.98 ) = 0.97 


Ѕ (мал. (> = G c Иий مل بء‎ 
t kd 
_ Cc _ (13,0004 
ا‎ P с 0.47 





Lh | 
B00 S 


[19 /6 








25,15 kW 


£43. 


[kw 





Weycle 


PROBLEM 5.47 
KNOWN: A refvigeration cycle лагии a Computer Inberatory at 18°C 
O^ a doy when the outside temperature +5 Зо °С. Steady 
State operating data are Provided. 
FInd: Determine the power required ر‎ mw KW, and Compare with the 
Wave men theore К cok power required. 


Computer laboratory ot = 241 K ( 8%) 








Surroundings at ТН = 303 K(30°C ) 


8 3,0 


Goco «J/j $. 
30,000 KT/h $ 





occupants $ 
Computers 5 
СТЕ 


ASSUMPTIONS: (1) The System Shown ra The accompany ing бале. Undergoes o 


Ce fv: gera ТҮ бл cycle. (2) All d ate. prev: ded вла for Opern hos at Steady 2, 
(3 ) a. Co mpu Hr labora tw y and $verou dings play the role of wid and te È 
resev vois, res pechve ly, 


AWALYTSiS: At УЧР state у the ле fri qe ro hon cycle Must remove enevyy 
Frown (a labora fory at tix бома rk o2 “сезу enters fom 
Gil Sources? = (80,000 + 6000) K/h = - 36,000 KT/h. The сее {фа 
of per t о Gwen as 3.0, Thus 


, ` 
B = SS =; 3.0 = 36,000 [А — Weq ade = 12,000 «I 
Weycle Wey cle A 
EXC 


| — 
WW cycle € (zoo. єз سک‎ — ys 3.33 kW а= 


h 6005 \ KI 1 K3 Js 


Ico Sec $.5.2, we khou- the deo coef fuent of per for ence mu C 
bs less than) or е < val © , X^ epe C 'ccest of performance of a ^ti 


re [vig eco мл ey cle operating between revervors ot the Spec:fied temperatures, 
Then, with Egvahom $.8 | 








: We 24 1 
се < ао с ааа 
Ww cycle "ТД — Te 303- 941 
Acco r din yy 
3 GOOO kI/jh < W eyal@ 
24.25 
BAS з € Мое 
2 | | 
r BiG (мае) min 
6: ' 
i ——— > 0,414 Kk — — 
Mesas - (14 {4.5 т Les | 











Fore n4 de naho (T fli. achal Power Aqured to 1 бе uni mom беште heot 
Vetus | 


3.33€W . $.12_ 
О.а ev 


it Can Ье tenctuded taub the ebro лра oce ment is over $ Кмет greate y Ahan the mimmum 
thew e War AA) v vate . | 
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PROBLEM 5.43 


KN) OWN : Operahng data at Steady State are Provided for a heat 
pym р working Бе hreen #4 dweileng ot ZO°F and (a) Outdea- 
air et 32°F, (6) a pond өх 40°F , їс) tre greund ad SSF. 


FIND: For each Case determine the nv mem {haere he power feguu td o 








Cur rounding 5 


at Te Dwelling of Ty= S30°R(FOF) 


ASSUMPTIONS: (1) The Sy Stem Shewn in the cycle Undergoes a- hear pomp 
cycle. (зу All data ace for орегаћ ее ot Steady state. Сз) T^ Sorrevads us f 
Gud dwelt; ploy the foles of Coid and hot Neservoirs, ВИИ 


ANALYSIS ¢ At Stead State the heat [Ре “р cycle most prov: de. 


t / 


е to 4ha dwelling equal G the 04 leaking Нета А thea шша! and 

— 4 Br 
d $ Btu { day — B re- 
42 (o MP = Әр] К/О Y= 

ys eens Sey) E i h 

шай Sec. 5.2.2 , wei know thet the coe fficreat ef performante of 

{ба heat Pump mest be less thin yor egoal Ù ر‎ the cor ff went of 

pec for mance of a Nevers, ble heat (^*^ p opera hing be een | reservoirs of 

1922480 and Te. Then, wita 65. £,10 

Qu < In © Te - le 

= — 3p Wey 2 HH; — 


Th - Te. н 





Weyde 
or | А : — 


Tnserhng Values 
4 
“ае > > (2. ы ве су 25+5 gih [= E 


z (10.65hp)| !- = | 
ca) Te = Yq 2°R 
Ме > (10. eship [t — Top 
(b ) (c2 SD o^. 
Ма, > TG m 06 hp 
О, fC) Tez SISK 
TET = 0. p 


J. The acquired power decreedeg an the outside source Hmperature increagess 


Weycle bu 


te 
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PROBLEM 5; 44 


KNOWN! Operating data are provided fer a heat Pemp thet Provides 
heating for a bo'lding om a da when the oufside tewmperatwe 
у < y ⸗ 
iS OPC andthe building interior “is do ba kept ot 20°C. 


FID! Dete Prune if tre hart pup wod S offe. 


SCHIMATIC т GIVEN DATA: 


60,0005 /h 








Weycle = | KW 


Surroundings at 
cU 273K 


(0°C) n Ошаган.» at TH = 243 Қ (20°C) 
с, 


SSS 


ASSUMPTIONS: (i) The Sy Stew shown in the ACCOMpnY INF figure undergoes 
a heat pump Cycle. (2) The data Provided are for Operation at | 
Steod ctate. (1) The TUcrovadsngs and awe (ling (2 (у the roles of 
Co ld aud hot reser voie?) е 


ANALYSIS! At Steady State , the heat pump Cycle must Provide energy 
— the dwelling 24 val to the ر‎ leaking {hre ugh fhe walls and roof : 
QH = оок /һ. 

Frow Sec. 5.2.2 , we knou- that the coe fh'u ent of per for mance. of 
the heat pop most be Де SS thau) or egual o, the coeffi ceat of 
рес formance of a reverribie heat Pum p operating be hoeween resey-yvorvs 
at Tez 243 К ر‎ Та = 293 K. “Then, w: Th C4. У. (О 


On 4ے‎ — 
Weyele IH- Te 
| | MA of «RA Suffite: 
Tw equatim cow Qe urd a Idena hve ly To de tey nuns af the hore puny We иғпсе: 
(i) Co leuia. ( Qu s ve wen vam T^c Wreycle j Te, aud Tit . Cb) Call (TH) way 
¥ ө е | — | | 
from Known Vou бол, Weycle, (c. сс) Caec cut. (oc sete ) мал Nam Env. 
V o os quo ^e rtm 4 vanh pes. Fur A frit дү fey eX ve 
. ESI) 36005) _ to KI 
Y, e (ab: mee» (233) aw if ere m 
— T | ы ылу = Sty HORT 
z» (Oumar = oT 
With ally native бо), Cmax = 290K (17°C) , wina Ч е ие сс, 
| A | с, Wwe G^ c o фа rr t 
(шеол) uo = Bk la, Win lach ofres hy 


(бү would. not Suffice. 





PROBLEM S.co* 


KIOWA]? Operahng data are provided fer A heat Pamp thed Vie, a tains 

a dwelling at ООС When the outside temperature 4 O°C. 
ече trea Minimum ctheorch wt power ^4 vire d у ы bor i-e pow ег, 
SCHEMATIC . & GWEN DATA: 


FMD! 


3000 CTH -Te ] 







боов $ | 
at т, =203k(0 C) 
mE T Dwelling at 
Ty = 245 К (20°C) 


ASSUMP TIONS? fi) The SySdem shown in the accompanying Figure олег oes a 
heat pue p cycle, (2) The data Previded are fr Operahon С Steady State, 
(3) The dwellin and PLCC OU NENG 0 play the | role; of hot and Cold 
reservoirs, respech re | ' 
ANALYSIS: At stead state the heat pump must Provide energy to 
the dwelling equal to the. ener jy lea kirg through the walls and roof: 


Bu = 3000 (Tu- Te J= 3000293 -213] = 60,000 KI/W 


From 


Sec.§.2,2 , we know that the сое сеи of performante 
b 
о 


the heat pomp moct be less than jor equal to, the coef fortuit o 
per for mance of a reversible heat Pump operating be tween reservoirs 
at ъ= 24K and = ЛУК Then, with E4. #10 








Q H 2 TH 


Weycte ly = (с. 
Reo rran g nS 


4 


брт] = не 


Tit 
T aser tj lC ^c ccn VA lues 
295 ~ 275 и 
((0,000 53 | 7.95 | = Weycle 


чода Ke c МЈ eyele 


| X l k W ( W |= (Weyete) min 
Weycle 2 (чоав = ) | EA 36005 | 7 |n ку 
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PROBLEM 5, 5f 


KOWAL! 


Operating data are provided for a heat Pump phat атаа ае 7. 
dweitting at 68°F on « day When the outside temperature 
iS 28°F 

FIND: 


Deternure the Power reg vred, «А k W 
by elecivr cea resistance eleien ts 
Minimum theore hu" рае 

г< ре + the Com arise usin 
performance data 


to provide the heating 

and Compre with the 

reguired b a heat Pomp. Also 
{ур ге 21 coeffiaent off 

fo- bhen Pumps, 

SCHEMATIC q GWEN DATA: 


I4oo(Ta-Te] B^/^ 







We, cle. "T 
Surreun ding § aot Te = 44% (38°F) 

Dwelling at TH= 529 °R (68°F) 

| 7 


ASSUMPTIONS: 


li) The SyS te m Shown i^ Fhe accompanying figure under joes 
о. Neer vin р ey cte. (2) The data Provided ore for operation at Steady 
State. (2?) The dwetlin and Surrvendings Play the voles of hot 
Gnd id reseyyoirs, келе, 


kMALrsis: AT Steady State , the element? , or the 
hest pymp ) most Provide ehergy to the Swelling e4o«l t d^e energy 
leaking through the 


Coa [lí and roof ¢ 


elech esd Cesistance 


Qu 


n 


400 Tu -7c] = 1400 (528 - 498] = 42,000 Btu/h 


(42,000 ghe/A ) E ita] = = 16.5 p 


res;s lof$ would 


ACcer da val Ҹу фа е 


Һа provided with elect: ca power = 10.5 МО. 
pvp ophen, 
of ©. heat 
of per formance of 


Ae S$evvoir( at 


oe 


Tore ng next фо the heat 
cee fh cient od рес formance 
dox coe FL Lent 
ре tween 


Wwe |> e w~ fro ^ Sec. 5, 2, 2 that the 
Pump mest бе 


less than, or equal b, 
a reversible 


heat pump opera hng 
Te and Tq. Then, with Es. го 


— РА e - — р 
Qa g = D Wade 2 ©» [ | 








сусе Ta - Tc 
Svesh Wang исши values 


Waa 2 Ce Shp ) [ E EAE — 


Accor din 4]« , the Vow ил 9 eu» thaeve hc power veguired = 0.44 p ч 
| Fro Mánnu faehare r 's data, an acta bout poc p coc ued wre Co 
coeff «ent of per fr mw +t ranger 2.0 - 5,0. Lising frre hig hei Valu € 


; 6.5 hp К : 
В = Ou > Wace = Qu - К = 5.5 е — 
Wycie 6 ' 
— 
Comparisons 5 
All elechre 


= loS Һе _ I*5. . All elelvic © - 16.5% = 9 
Заг, heat pump 0,21 ^o 03 Actual heat pomp SSAP 


SS Le 


PROBLEM 5.52 


Кои: Refrigevation and heat pump cycles operate reversibl 
reservoirs at fixed Ty and a range of Te values, respective 


ELND: Plot (а) Bway given by Eq. 54 for the refrigeration ay cle and Cb) 


Yuan Given by Eq. 5.10 for the heat pump cycle. Discuss practical iùypl ications 
(^ each Case. 


SCHEMATIC $ GIVEA) DATA: 
Ty = 298K Ty * 535*R. 


between 
Ý 









РА Gc 
.* 25k € T. < 298K 
(o) ( b) 

ASSUMPTIONS: C1) Each system shown m the Gteompauyie 5014,05 uide oss c. 
сеа . (2) The des are —— PON'S 
ANALYSIS: Со) The coefficient of performance for the reversible refrigeration 
cycle operating between reservoirs af Ty aud Te ix Given by ‚5.4. With Ty 22986, 
we get боад = Te /C248- т. у. The fo lows inp plot is oblained KSI he (Т: 


Ty -Te 





70 


60 As Te — 298 К 
50 poe 


40 


Pmax 


30 





230 240 250 260 270 280 290 300 
Te (K) 


Fov an acad refri gevation 545 tem operahng at gwen values of Ty ard Ta , the 
coetticiewt o£ no would be Dess tham Bray . B “л. SHU, the trend 
Shown in the plot i 4210 atwely cored: (à decreases rapid ly as Te decreases 
for {xed Ty . Accovouugly, as Та decreases, more work input сс needed per 
uwit of ergy De removed from tha region at Ta (cold reservoir). Whsar 
electric ity is used +o provide phe work input, Hove would norma Ua a hha 
cost of operatum associated wrth He Lowerive ef Te, | 
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PROBLEM 5.52 С Contd.) 


(b) The coefficient of performance of a veversible heat Pump cycle operating 
een resevvoirs ot Ty and T. is given . S.0. With Ty = 585 °R, 
WE get PE. 585 /C 535 -Te). The Follow A4 plot (S Obiained using IT: 


As Т. > 535°R 


Ymax — oo 


Утах 





420 440 460 480 500 920 540 


Te (К) -— 


for an actual heat имр System operat gwen Volues ec Ty wd Te Jie. 
coetticieut of E J'would be less than Yuay: У < may. SH (1, the 
treud shown on the plot is ual tah еШ) Correct ; Smax AE creases rapidly аА 
Te decveases for fired Ty “Alcordévg , aS Te decreases, the energy ~ 
delwered by heat transfer at Ty, Qu , decreases for a gwen work | "ри. 
Thus, when ue ump (S used +o provede heat transfer to a dwe ! 
the system not be able to provide enough Qu When the outside 
tewgerlowe. Te gets very low. 


p 
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PROBLEM 5.53 


KNOWN: A refrigerator maintains a refrigerated Space at o. specified 
temperature. Data for operation at steady State ore. provided, 


FIND: Determine the pewer input Ond compere with the power input for o. 
| fevers: ble fefr'geration cyte operating between reservoirs of tiha. spec- 


4fed temperatvres. Evaluate tne daily Gclve9 and minimum theoreficef 
operating costs. 


SCHEMATIC $ GIVEN DATA: 
Surroundings at 20°C (293k ) 


Be: 


Weycle Qin = бобо к Sh 





freezer Electricity : 84 ЕМ. 

compartment 

at O% (273K) 
ASSUMPTIONS: (1) The System shown In +he ACCOmpany Ing Figure under- 
Qoes о. re iege cation cycle. (2) The dete are for operahion at steady 
State. (3) The freezer compartment and the Surroundings play -Fhe roles of 
сыа and Wot reservoirs) respechvely. 


ANALYSIS A) Upon rearrange me nt, the defining expression for the coefftient 
of per formance qi ves 


Weyele > SM - боюм woth = 2000 ЕУ a e 
7 h 


The coeffretent of performance for a revers ble ге frigera tron cycle. 
operatng hetween reservoirs at Tu 5 293 К (20°С) and T= 273K (0°) rs 


Qiven by Eq. 5,4 253 
т e 13.65 
Sax 293-273 





The power input for Such a ey cle fs thew 


A 6, (м ems 
We z oookJ/h . 4 о ki а ере 
Q yele min hes 44 h 


The active! power input ue over ah іт mes the minimum theoreh'at 
Power requirement, 


(b) с. 4 - 2009.67 [зеш | rll ](*&\- # Го (ду 





Min Thao. OL: ⸗ = 440 E: | 112% 00.) y 0:23] dey 


SST 


PROBLEM 5.54 


KNOWN: А kas pump Provides heating to a dwelling, Operating 
dete are provided . 
FIND: 


—-heorefh'calk o 
of operat on. 


D eternune tha actal Operating cost and CO myer, with 
perating Cost for each don 
SCHEMATIC Y GIVEN DATA: 









Atusesphere at 
496°R(35°F) 


Q лг 20,000 | 
Dwelling ot Weycle = 5 р 
á 528 (CSF) 


out 


Qin 


cycle. (2) AX datea oa for оре га Һолл aot stead 
Oro S 


ASSUMPTIONS: CI) Ta Sy Stew انماع‎ in +b, عسو‎ undergoes A oot ролл 


Sitz. (3) The 
play the. Acoles 


9 cold ang Let 
Acskervarrs, fhe tpech vel (4) “Tun cost h electra о 8 Cents par КМЈ- И, 
Aw А7515: Using (ves Sate. j the acta operating — Ls 


cest per), Chr) [тт | PAN 0.084 


КЕ —— 


Ca vous toreh ut operating cost corretponds to fU 
LA cuu theoreti ced power eş uir ewt Sine p< Pmax, 





Qout 2 гы 
Wey de la- Te 
Or 
39,000 Bh/ A E k 
Pa = 


"M = 16 
Wise бее - я4з)Ё 
сус 


= 


80,000 Bh/A c Ww cycle 
< 


втв < Weycle 
h 


7 лл и uun cost ш (tH 


Ve — 


=®у. (ата чеш с‏ سس 
E s Elos ideg‏ 


Ce SÍ U abeo F times Wigher tHon d 
st- 


kew. К 





N achat seg) 


3k 
PROBLEM 555 


KNOWN: A heat pump maintains a dwelling at a specrfied temperature. 
FIND: Deter mine the minimum theore t cal Cost. 
‚ SCHEMATIC f GIVEN DATA: | 

— — ————— 





dwelling at 20% Qut -2 S,000 KS/W 
surroundings test of іе іч = 0.08 Ў /kWeh 
at -[O?C, $, 


ASSUMPTIONS: (1) The Sy stem shown on the ACCompanyin Figure undergoes о. heat 
pump cycle. (2) The data are fer operation at Steady State. (3) The dwell/n 
and the Surroundings play the roles of hot and coid reservoirs, respechivels. 


ANALYSIS. The minimum +theoret col cost for any heat pump cycle under 
the stated conditions is the cost fer a reversible cycle operating between 
reservoirs at Tee 293 Қ (20° Chand Tee 263 K (-(0 1) s The power 

rea vired by Such a cycle can be obtained from 


(Weyete Умм = Qost 
Уму 


where Vmay i5 


A Coorck ^д > 


(Weyele)win = : (2S, 000 (28,000 7) | kw 


"алчу [тту зеет] 071 ЕМ 


Minimum theore hcad costs d = (OTe уу) | 2th 1/8 0.08/da 
* ici У 


=% L3b/day | MIN 
| | COST 
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PROBLEM 5. 56 


KNOWN: A refrigerator maintains a freezer compart ment at a spec fied 
temperature. Data for operation at steady State are provided. 
FIND: 


Determine the minimum theoret' cae! operating, cest per day; 
SCHEMATIC È GIVEN DATA: 


Surroundings at 532°R( | TXA 
Qout 


Qin 22000 Bh 





freezer at ' 460°R(0°F) 


ASSUMP TIONS: (1) 
e. refrigeration 


stote. 


The system shewn on thea accompanying figure undergoes | 
cycle. (2) The data provided ое, Tor operation at Steady 
(3) The freezer Compartment and the Surroundi'nqas ploy the roles 
of cold and hot reservorvs ; эресен 1ч. (4) Tha cost of electricity 
iS 8 cents pas «NM. V. 


АА хыт 


Te masm Yun cos t 
ИАА V Ил U ме 


4 е (есес corresponds to the 
power "puo. Than, S؟‎ ın م‎ P = Be 


Qin < Te 


— Weycle TH Се 
ao00BYh < ALLOR 


: = a E с 6-34 
Welle (532-40) 
=> ZoeeBh/A < Weycle 
6.34 
313 BR < Wacha 
v. 
Tuan 
| Ma ил vow cott | n ы Btu ata | m о [ ө ен | 
per day | nu ! day | 413 Brush KW. 
= 17.6 ceris / day a 
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PROBLEM 5. ст 
kmow^: Operatns data are provided for a heat Pomp recerven 


energy ho hat -tranefr fro he outdoor air, From wel water. 
Find: For each саре, detynune the vu mon theore teal dol © г to operate, 











(о THe 294K 
Асс ot CLIC) 
T-2000 C oS 





Q = 21 too KJ 
А J * 
a کے‎ 


(CC) - -> 






Weyde 
(е) \ AS сом071соРм25: |. Th» Sy Seun shown ui the schema h'e 
EE well water unda г)ое{ о. Want pump cycle. 2. The 4 wetki ^5 
et Тес>2%Е and (a) +6» outside «ec, Co) th well water ple ++. 
Све) roles of het and cold Asservoirs, PE Pee 


Elec twitchy costs Scent per tw- kh. 


AJA I: The coefficient 4 рес ovr nea of a haat ром 4 Loss than, on 
)یدوم‎ to ر‎ The Ce «фс ent 4 performan еа ef 6 Ass sible haat Pump operahns 
he huren veservowt ot To, Tr: Thet ә, Y = Ymax- C» te 645. 2..Чфаһлї Silo 


W eqeta Ta - c Ta 








Te w hing Vatuso — 
оо cJ | — Te. M — 
Wey >? (yloe ET ast | | Seoc[ | Heals 


(о) Ас ot Teo 268K 2 

Geass Cue i BE] | gol = eW 

— 

Costing : в В о. ОЌ „оо dai ly Cost P 
# > (.srew) RES | (# 5° 2 al д. 


(v) Uu aAA water #27 Te 2221 KC 
Weyers < (2.1, о) oe \ 3600 | 


{ EN Cb) 
Ке ‘lu cost 
— / 60.06 \ = *o.SP/ dap < ES 

— # > (o. гек) u^ | 24) 4 
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PROBLEM 5.50 


KNOWN? Operahng data are provided for < heb [uve theo ma'n tarno 
+ he “the femperature )یں‎ лил a hui ld ng e5 A spec ‘ed Veli . 

Fret): Deternuns the achat and hini Muu. thore h' cot dedy — 
Cos, aud Com pare wiȚh the deul cost frr electri cok feris ниса hatig 
SCHEMATIC d Соё DATA: 






B= 3-8 
Qy: 253 ооовӘ/А 






А e eo Tez 273K 


TH: 294K 
(0°C) € 


uc) 


Worcle. 
ASSUMPTION: U Ths system shown in l^ scechemahe underqees а Wat 


cycle. 2. Clech Costs BScerts/Ew.h. 3. The dweeling ord out у, ФА ate play 164 ^el ec 
o] Ha het aad cold resermirs. 


Awmacrsis: la) Using E9. 2.97: = Qu | Weyele 


ы 


e 


Weste = Qu. оок ЈА. 14,737 eJ 
y 3 


= (4,337 (| RH IC و‎ 4 053/4.) — 


FY a «e ble hap pov орт) he huren A9 eco 0 Te, TH) 65. $-10 
qe 


MU д 





Y. Ax 7 
n Tu-te 244-233 


TW wv 
Ww _ 7 ўоооро[һ , суб к. 


Co Sa : 


Ve). PINA) 286 fiy — 
(b) Pov elect cd - 1 € p] n ca hatina , مکو‎ фес р منت‎ pocos 1 fot 
135,090 CTA needed C 
Coshns - 
Ие : Cos ore) | sis | e v1 (0-08) #40 [de — 


fes sian c^ 
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PeoGLGmM 5.594 


Known: Operating data are provided for a heat Pump that илои һа 
o dwelling at ер ета. ture T: 

EIND: (a) When Te 20°C, de јери Tre hanmi mium dore cot laity operetins 
Cost- C^) Prot tre renin Cr ove hice daily operating cost versus T. 
Scurmatic 6002/0. DATA? 


Oud side, at 
Tc = 2781C 
CS) 


(2.000 кз \(T-Te) K 
h-K 





ASSUMPTIONL: 1. The суче m e- e Lu in tha sche erc under gees a haat 
p" cycle. 2. Tha inside air and оой бл aic play 4e ^ol-s of hot and 

Cold ^ ervovrs jrespecfive by, 3. €tectecec t CeslX 88cents per elo-h. 

Ano A SISS dwelling at Хе vp eroe tene T) ts. bal pup west 

prov. de وت‎ do the duwung هه‎ hs rake 


Qu = (aem ют Y(T- Te) , Te+ 278K с) 
hv. i 


The Coe aient per Tov v vat satis f +h, وہ د ہا‎ Aa Ао ep riten 
сна 645. 2.47 and §-10 

Qu s RUE йн» U cycle `>_ T -Tre (Q 

Weyl e. T Hie, L — ‘| п 
TA Ung 64.01) 


a 
L T ( E Te ) — T ) 
where Т j Тс are w ‘Ke. 
(à) When Ts 243 К (20°C) , £4: Given | 
- J 
Good ЕЗ V (245 278) K = (583b KJ. 
Wey مف‎ 2 2 кз - rod "m 


М | ` О Ка core ond 
"Tuas, jhe VA ма mum Moore Ti Cat power APY ured 36ا ما‎ кч] | ef "T 


Cork ve^ datu ais uv 


(+ (sssr) ше BI E (AR) e ot +— 


bass Ц 





Uo) For T ranging from 18 to 23°C , Abn cost on < dea ly à 
(4) = (о (Teh el au ПЕС) m [E] o 


"Tm 
PLOT: 
1.2 
1 - 
© The милими GOAT 
EC o cost increases Kigu i'cant“ 
е ов оо tha ingida denegare et 
с | i$ required to ње ha'gher. 
E од 
~ ; 
Em 
0.2 
0 
18 19 20 21 22 23 


T (C) 
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PeogLem 5.О 


КАЗ owns : Operating data are provided for о. heat Pump thet ил иол 
2. З wetting «t Him perature Т 

Fio: Fra given elechvrrah cost | Plot tua nd مم مہ‎ i theore h أ‎ operating 
Cost yerrus T: Pv a given Value 4 EE pilot the Venu mom +heere h` ut. 

Opera ^; cost verius To coct 4 2lechr et hy ua Cents Per kù. h. 


зең м Am c LGIVEN DATA: 
снемат See тү, 
1500 Bt. T T oR. 


518 є T € S$32°R_ 
o.0& £ € < 0.12 ¥ /кИ.И 


Oudside at 
Tc. = 4-€0?R. 





ASSUMPTIONS, l. т. — almum. we ths schema he unlo a hoot ponp cycle, 
2. The inside ate and outsides air play the roles af hot and ween re Jervis, esp ective! А 


ANALYTES To "v tua dwelling at teunperature T у the heat pump must 
Provida enersy to —th. dwelling at ما‎ LU 


Qa zio вау T-T) , Tes 480°R Ct) 


“The co ec ew 4 pac Tor en moet sentra € Шоо ге lakos, wri Нем изги; 
C, 2.4% and S. 10 | 


e T T- +; e 
Qu s T. „о Was ( € To EE] Gn 5 REESE -Te Jan 
Weyele T- Te | 


у, €q.Q) and the uwt coit 4 Joc tréec de C.) the i Tore o cot dawn ly 
орэгоХА no Cort Uw 


[FF [oeger] 26 


10.55 Ea с. (я) 


13 


(Ф). 





| gı. hı 
ES | 


1) 


(2, 
[rem " ,08)= 


Sample calculan? T = S30°R (70°F), C= go. = “Tre (Фм lo.S v 
4.3 
4.2 
4.1 

4 
3.9 
3.8 
3.7 
36 


Cs $o. o8/nw oh 
—— 


(8) nin ($/ day) 
($), .., ($ / day) 
N C A сл Oo 





68 69 70 71 72 0.04 0.05 0.06 0.07 0.08 0.09 0.1 0.11 0.12. 
T (°F) c ($/ kW-h) 
The n mum darl u cost increases eie EU. eden as thea (inside tenpera hre Ws required 
to be higher and/or e^ the ролл сос 4 € echia ty increases. 
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PROBLEM 5, 6 


KNOWN: 2 kg of water executes а Carnot cycle for which property data 
Ore provided. 
FIND: Sketch the cycle on p-v coor dinates, evaluate. the heat and work for 


each process, and evaluate the thermal efficiency, 
SCHEMATIC AND GIVEN DATA: 


2504°C =S2B4K Summarys 
Process Q wW 


A2 (6 % (-2 23۹1.0 330.0 


W23 _ < «3 3-4 ~2140. ОЛ. | 
me e 4-1 О -373.0 


Р, 
bars 





U4 C= 394,4 К 





ASSUMPTION: The Sysiem shewn ѓи the figure Un dergoes e. Car not cycle. 
& 
Frocess 1-2: Ws e (pdv = plv-v,) . An enavgy balance gives Qu. а U,-u, + Win, Thus 
L „л 
Qu. (ш, -чу\ + рРС-М) 


е № - 
wih date from Table A-3. И, 70. 0491€ Aeg We 2201.9 eS ka , Uy zZz. У kI/ kg 


Ye Vea x (4-947 [.2X1Vxto ) 4 0.5 (0,04818 - 1.2511 1073) = BSB ¥ (O A 


M Mg + « Chq- ho) 108923 +05 QUUM, th =(344,42 3/69 
| | Qi 
With there values, Qu = = (2 leg) (2801.4 - нашы = = 2919,0 ley sand — ы 


Wia 3 {1,0 ks) (4 0 Бос) (0° юе чала -QSy)xlo* = 2] (с E au) = 330.0 KY Wo. 


G3, Was | 





Process 2-33 Q232 О, Was/. 7 {AIS Ko/Kg . Thus "Jia = 983,0 «J. 
Using an energy Фое — date fra Totlea А-5, 4u3:2118,€ KI (eg, 


giving X3 = 0.00, Мус 2250,5 kT (kg , Му 0,429 m? /keg , 


Process 3-4. AS for process 1-2, Wiay/m = р (Ма-а) , Qsa/m 2 (na-hy). Also, srnee the 
System undergoes œ reversible cycle while Communrcating with reservoirs at Ty 
a S19 (4 A Te = 384.4 , Е9.5.0 i's applicable. 
[Gl 3944 _, why = SELA (1457.0) = 1070,1 و رکا‎ 
UM. Sep 72 Vw? Fus (14520) = 
Using Wars volwe, 


pn hye hy (07001 = 2250.5 – 1010.1 = 1180.4 КУИ. : 
= (UOM -«4914(0)/2116.$ ъ OBLO Тол v 20.000812 + (0,31 (119-0 00010528) = OBIT w’ (ks, 


a = UGG. AU & (0.320) (2 514.1 - Чоо. 4) = ъз, KS (kg 
БА y Raq = -14 0. 2 KT, N34 z- (67. | жз, | i: — Raa We 
Process 4-1: Qe, =O. W4t/m 3 4q-4, = UIT- (102.3 +045 ((S20.0)) = —1€G.S kJ /leg 








So, N 44 = -%13,0 ET. à wi 
ас 41 Way 
Tharwes Ef frovency. шз 1-28 | 7 
| О * . 1 d РЕ 
Methed *| : Үүт MM cycle „ 3300 ا و‎ = 0.265 (2.0.5 %) — — 
Qin ; 
"2 ° Ea N^ 5.8 o, : (Е 
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PROBLEM 5.62 


Known: О,5 lh of watr executes a Carnet cycle for whith propert data 
are provided. 

FEND: Sketch the Cycle m р-У coordinates , evaluate thse hoat and world for each. 
Posty and evaluate the therret сепса. 

SCHEMATIC С GIVES DATA: 










ЅоммАй Т: 
е Process Q W 
1. -2 21495 | 
15Ч! lof ka? 2-3 Oo 2.00.2, \ 
Xgz 6.395 Woo F = 10 00° R py mlel -7A 
t-i о -4Ч ell 


0.6۹28 bby lia” 


40°F = 550° Г. cde — USt. 74 et 


ASSUMPTION: 1. Tha system iS shown in d^ Soha evo. 2. Volu we clung е rs the ou ly 
Wonk mode. е 
А жә А \`Тт Сү С; (ө) Processi-2: Wia /m = { pdv = p(v,-u,) А Enevsy halana: Әл [им = (чь-ч,) A4 Wam. 
Thus , Gu fm = (чач) р (Ат) chen hy Wit date enn Table A-3E, б. 20,506 (544.1 Bu / (b) = 
LRS Gh. Wia = (OS te) CIS (ы (20.2077 -0,07363) 0t /lb | l Btu /178 дА; | = ZURI Btu. 

Process 2-3: Фау: О. An energy balance reduces to w= w(us-Ua). From Table A -aÉ U= 

(040.0 Btu /lb, у= 5.07 + 0.643 (040.2% -S8.07) = Q€q. S8 Btu (lb. Tren 

Way = O.S ((0%0.0 - Se) 2700.1 Bt. : F 

TA 
Process 3-7: As for process 1-2. W345 u p(y @зч s на (иЧ-йз). Since ta id 
Undergoes о. anart е cy cta "S I Communi COCA و‎ with ABI oS at Th = (0 6 
aud Te = о? , Eg 5:0 is applicable: [es = бм =) Qu =~ IN Btw 
(060 
= ÊN Qu = -205 | = Btu / (b 
Thus, Wo ee thy = 7289.22 + (9.07 40,643 (1092.1) )  *4 3,314 E | 
hs e = ele a = 0, 

Using Хы, fee quaut ot shte 4 cone de Vere б : Xy =hy - ne )/һе (445,3 5g ,01)/A0u1.1 p 
Accordingly, VW - Уз ) = Cv ачу ма) - (Ver 4 £9 ) = v4q(%4-%3) = (4013 -0,01@10] (0.364 - оочу) = -V.1S TE 

Finally, Way = LAS le (00 te ¥044 LEIR) (28S Pb) | Bru лег = – 6.29 Wr. 
Process Ч-!: @ со. Ensrsy balance, 42 m(Ug-U) , “FF €qg,07 40.364 (1000. 2- 58,07) = 420,48 


Blu/lb, Uz COT OM/ In. Then, wei > OS (40.48 - 09,2) = -Q4 Л: Btu 





(c) Ths t^ оис © four 4 wring 
Me E e loges = олча (48.1%) 


| - (32.900 
= Wie As. [ eames — 4 0 
O M m 214.8 s = 0,480 ( 8. №) 





. hor any C044) Weycle = Qeyde. Freon Mme Process Sum Wary, 
(32.2% 32,0 
(dı CCerence due Lo round-o CC) 
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PROBLEM 5.63 


KNOWN: Ona kg of ain undergoes a Carnet Cycle for ахл сіх Y) = e © Yo. 
EswD: De іам илли. the vente rv and Vere ne слил Temperatures | tha Prossure 
and volume at the ааа of the ioter елам елләр th work 

and hat transfer f ел cL. (есе 3$, and Sketch -the с©чсд< on p-v coordine tes. 
SCHEMATIC & Given DATA: 





PN Summer 35 
mcs proce $$ б). wW 
\-2 40 40 
Үү 60° 1-2 o rset 
s -4 —i - 
Rs tae 4 o e? 
wu 0.3m? Cycle. 24 2.4 
а a 
ASSUMPTIONS: 1. Tha sy Shew shoum Wi tus scho wahe consists ОЁ air modd as an 


edant gas. а. Volume Chmge Witte only Work meda.. 
AWALTSIC. (a) Using tira, siant sao ino dat 44 uah m uf ste, = р хл [ы Ё. Thea 
азса 


Toc (gefl )lo3) = egg ie, Then, Sne Y= l- T 29 Tec Т. (1-3) + Wh TT) 
(S3 eon 
igar ©: р "-— тет 
Te = з® д Е(!- 0-6) З | nmm 
: ede Qu = oes l given) . P energy halanee Ate ! = ) 
Cb) — d d е ما‎ eya vr € and T Tv 
buk nance Iinternad energy of an idea gas ependr on pera | 
Шъ = бъ. Further, Wire | p4V =f Еу = m RTH la 2/V, . Solving 
! i 
and inserhng vons 
Vin — 0.130] 5 20%и 
San FF «ED wo e) Ex e (sacred) 


3 


Sie Te Try рУ = мл ET) рУ UT =) ҺУМ) 0. (Уе) = 
5.6 har( 0-3/o.24) = #boar. 


(c) For рләсесг 2-3: ©@ъут О. An ev»; balan. лад c» To give эъ = m (U-49) 
Ge. date fron ТЕА Au, W232 (ер) ( 423.7- 1690) = USO FET. For process 3-4, Wy: 
Qy (as fre fs cess 1-1) ` А (50) 6 4. S: У Ур co : 
1391. Qu. a, lanl: 0.4( 4069) </6 2) «уч = – lee, Ways 1687. 
Te Tw 
P^ocest 4 -t, ©41= 0. Ам 2и 25% balane  ^—Locso tu sit, W4 wml Uy -U,) 
UP wu. = = VS lo. F kJ. The work Qua heat transfers CAD Summarized uu [ote 


_ Senco 


© 


U = ч, иҹ̧и; ر‎ 
\\ As checks ge tn colculahnn, hote +hak â) Осус е = С) сусіе Chee со мам леда), 


and (2) А Were . 2Ч ЕЈ _ оь 
as Rin 40 КЗ 
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PROBLEM 56 + 


KNOWN: A Carnot cycle rs executed by an «deal дас with constant ѕрес' фс. 
heat raho k. 
е 2 k-i 
FIND + Show that ta) VIV, = МУ Ce) T/T = P/A у" S Ts/T3 = бз [ч 
SCHEMATIC i GIVEN DATA. 
P 





A 





SSUMPTIONIS: CI) The System shewn in the fs ure Consists of ап deal gas. 


(2) The Speufie heat raho k rs Constant(required in part (b) only). (3) The system- 
under goes a Carnot cycle. | 


ANALYSIS: (a) The thermal effeccev en ù 


y= Waele „ We, + Was 
Qin Qu. 
Since internal energy of an deal gas depends On tem perature e 


nly) an energy 
balance for process 1-2 reduces è Ug- U, = Qu Wiz, where S1 
Со = Wiz. Further more 


217. Thus, 
L 2 
Wirt j pav ыкта" 2 m RTH dn GS 
I А wv i 
Similarly, Was = mR Te An VG. Collechug results 
"> l- mRTe da A ‚ (2a) Te 
Ти dm SI V, În V. / Vij TH 
Howaver, fer tre Carnet Cy cle. Y= \ = Tel Ty › So it vw necessary that 
Va (a) 
а) ٢ د‎ de (ME). M(E) D GEV — — 
Je C / V; ) 4 


Фу As proces: 2-3 ы adiabah'c ‚ а energy balance in different‘al forin reads 
| о 

dU = 56-6 
ove. SW: p4V and with assumphion! d'Us усу Т. Collecting results 
and using pVemRT and Cv = R/tr-i) ( Eq. 3.476) | 


| = ӘТ = - dAn¥ 
Tntegration fer constant q ( astumption2) gives 
fn Be (Жү m9 у = 
P. 9 
Finally, Using Vs м КТ/р 


eet | С 8. 
a-(E 2] — — * 
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PROBLEM 5.69% 


EN OWN: А quanhty of СО undergoes a Carnet сусе. 


Ёоо Detynuna a Work and heat trans С fw each pcr: ر‎ th, -$ Kay wank 


еЙтсеисҷ | and du [reassures at tae ih لہ‎ and Jia oA state: — ees 
[So {Кэл А Compress’ m. 


SCHEMATIC L бир DATA: 








е 

== , Prscess Rha W/o 
| СО [e l-2 428.45 28.46 
| : 2-3 o 65.0 
к= (24 p 3-4 -17.S0 - (7.5 2. 
P= «00 (be mt Tas 410°. Wet O -6S$,.80 

© — MM — 
None ا‎ At M Се, — (0.Qu (0,94 

Ter 500° CG | “= 
(190°) 


ASSUMPTIONS: l- Tha $4 stew consists of a qvanh'ty q CÓ, Ило адаф مه‎ o^ 


Ad gas wih kl 2. Volum Chong 4 the oly work hwde. 
AMALTSES. СА) Тл, „у; 1-2: Sinc U = т> fw an «das gas e faxed Дере го hat, 


Aan £e»54 balance reduces h 5v Qu tbr و‎ wks Wg: | ре > ауы ое | 
\м\з.„ Jin = RTA (TIT) > Unt PTs we ETH) р. Va. = м тн ) ure ИДО : i Vv | 
v^ , (SS yes | VS. | (quo? (222) E 
et. rue А > (Se таш (MOR) In (Zos) = 28.46 Bu /lb 








Process 2-3: 9.3 O. Aw е 5739 ba lan ce g^ ہس = وص‎ (us -us) . For an 4 das a 
gas ee conslink к, 65-3976 qe cvai “(geni (rT) * 0168 a 
Wad. сесть = (olee PEE) (910-500) = 65,8 Bh / Ib | 


T4: (Sede We Uy, an (mang balance ginio Qiu m ga s where‏ جى مه۴ 
4 


= (SUS VLC. wit) Bhu 
ww. ( Rave ЁТ: s Yy = ج ما م‎ = (222) (ara) (Se м6) = 112 
Б: 





where tofnd Ру, use partch) of е Sof: 
т le seo] a (b4 
Р Te X к = 4 = 9 
Ћ ( т) «p f= 200 wv LALO — | Cc) 


R ( NEA Py | pur BA su bt 
EIE e ы = 2 ж 4 Р 3 32,56 K 


\ “we 


Process Ч—1: Qei 20 А and ân 07-0049 lon lo^ ca P Lin sg = im (eu), om 
uny 2 ey СТа-11 > (0188 Eh )(560-90)% = -OS.8 Btu /Ib 
em | 
Ce) Tr. Mer Aro مه‎ e ез س او‎ ыса) Caan РӘ 
VJ» cycle. = (0,44 


= TQ EETA = 0.384 (38,4 % ) 
0r Uang ©. $.8 


У| = \- 22 = - 2—- = 0.384 (22.4%) 


|. Foe «v4 cycle j Qcycte = GC2c«cte. معد‎ Summary tahle above, Ote 
provides a Clad o^ the СА (со lath owe . 


SCT 


PROBLEM 5. ьс“ 


Known: One-tenth Kilogramet air executes a Carnot retrigevation eyele 
for which data are provided. 


Ер: Determine |) the pressure at each of the four princip al states, Cb) the 
work for each ef the four processes, and (с) the coeHicieut of per for mance, 


SCHEMATIC 4 GIVEN DATA: 









Ty = Зоо K (27°C) 


T. 2 2S0 K(-23°C) 





V 
ASSUMPTIONS. (1) The system consists ef or modeled as aw ideal gas with 16 21.4. 
(2) Volume change 15 the only wovle wmode. " 
ANMYSIS: From the solution to Problem 5.64 T/T, > (Pp, Me and 
МУ. 2 Му Vos | 
(a) Using he ideal gas equation 


с 
МЧ \ KT Py 
Р = MRI _ (onko (2x3) кк, оку кем — Ira: 246(,0 Во. 
A m | 





Va (0.01 ہہ‎ ( 
Now, for process 4-1; Te/T, E (a/p or : 
| 


Р, = co, a (S32) 74 (Qul TA) =Ч5Ч.4 kPa ad 


The Volume at vos — | 
| Po (4s4.9) 
Fer осе» vv vata -u,) = Qua -Wa. Since T= Ta = Te ) U, ) E^ 


= N= U aN > * МЕТ AV = MRT, Ww “S 
Qu a7 J, P TV E c V 


Solving for V2/V, Oud i ^sertiag values 


V2 | Wia | | 3.4 ЕЎ) | 
ү, 5 nce ee вуч үк 
Vi ero MRE Te р Onka) ($2 Y (aso K) 
= (бод © 7 
fo Va = (I.(067)(0.01511 wn) =0,025 13 ms 


Thus 9,514. р 
= (0.1) 3o ) (250) LZ 


i Т. 





Next, from above | € А | : 
= N — ьи. Ieee e = e Q 
QV =, > Va Ct) V, = (Soie, 100 OWS 33m) =0,010 o m 


S-C& 


PROBLEM 5.06 ( Contd.) 





Finally 9,514 | 
P à (0.1) 2:25) (300) = S36. ا‎ 





3 (0.0160 (0 \ 
(b) Process 1-2: Ф. s Wa = $4 КУ Wa 
process 2-3: Qa 2O > Wags -MCU4-Uz) = - Cr CTs ^T.) 
With с = в/у = Sas бұт) холі: kT/ kg К 
Wi. = —(0.Lkq) (0.111 EZ, ) (500-250) K 
Wa 


Process 3-4 : As Jor — l-2 cu — Ca) 
Mags Lipa eme 
Way 


| 0,0 
* (0-1 kg) tur So sk leq K (300 к) (n CT (= — 4,074 kY سڪ‎ 


recess 4-1 : Qe, 20 > Wa, = - (uUa) = У^ аСТ, -T4). Aqar " 
le Y = = 4i 
Wa, = - (o. ka)(0 011 Bee (So -300)K = 3.58S LY 1 


(e) For the lavnot cycle 


" — Сы ы С? 
© e жох Ta Te i 300-250 = 5.00 سے‎ 


l. Altevnative шу, 
| Wexete | = | Wat Wiat Wia t Wa, 
ол ر‎ with Qu = Qiz for The cete 
Qa 134 ے‎ Sol 
C Тч | OM ^ 
The 5.4% Qd ereace is dua to round et. 


= |-0, 1۹ k3 | 


5-6] 


* 
PROBLEM 5.67 
Known: Systemes execute C arnet Се vise ro dvo Cycles for whitch d ata. 
Gre provided. | 
Eswd* fer each such Cycle, evaluate. tne coeff сгелі of Performance, 


SCHEMATIC & GIVEN DATA: See 4e solutions +o а respechW Prowlems, 
ASSUMPTIONS: See the golou Novo fo tha respechve prowlems. 


AIALYSIS: Бу each case, Eo. 7.9 i a ppl. ca ble. Accord nt, Ёмах = 





© Te/CT&-Toe. 
(o) PROBLEM 6.61 су PROBLEM 5.63 
_3844__ 234.2 
(max = 4,705 MAY = Baa с. Е 0.67 
523,4 -384.4 (2 SES. N-229- 
(b) PROBLEM $42 — Gi) PROBLEM Sox 
(© = 550 = 5 
max? 22. 21.076 E CO | 
lOLO- 5$ 50 Guax 2152565 eS 
і. Using tne pecust of Problem 5.18(2) ر‎ | 
Bmax = | — may 
N mays m 
= |2" -о.7 
© (омадм > 12200.20, © "€ 0-6 
226 
4 _ 1—0.384_ 
ы = 108 © (mew = g~ = 1:604 


(® aes — 


PRoRLEM 5.69 * 

ENowN: Systems execute Carnot heat Purp 
are provided. | 

FMD" For each cycle ) evaloate +h» Coe сеи + of performance. 
SCHIMATIC L GIVEN DATA: See the Soluthens Fo fhe sespechve problems, 
ASSUMPTIONS: See ths solutons to cte Aaspechive Problems. 
ANALYSIS: Fr «ас сасе, Eq S10 is ppl сые. Accerting'4 мк = 


су cles for whieh date 


Ти [(TH-Te ) . 
(à) PEBCLEM §.6/ б) PROBLEM С.З 
MAY = E o NR 3.2065 Xmax: St = [67 
523.4- 3 84.4 I.4 — 234.2 
ёо чӣ 
Go) PéosLEm $62 сч) PROBLEM SGF 
OMAX = _ [060 | = 2. 078 Y ^x > 9/0 


10@0- 550 910-560 = 4:6 





l Using the Asoutt S Pas lol eu 5.18Cb), 





— 
TMA . p 
і 
Ce) Умач = $ — 3.76 сс) mas 0. = (.6* 


EX m 
¢ - = 2,604 
C4) MA м = 204 


W) бизче qup t 2'0%1 
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CHAPTER SIX 


USING ENTROPY 


_ * 
PROBLEM 6. 
known: A System Undergoes A power сч cle fv which data are provided. 


Sc HSMATC RGIVEN DATA: 


ASSUMPTION: Thro Sy Sten. shown w the 
Accompany: ^9 fa ure under goes o. power 
cycle whats receiving Qu at TH and 
SASCHA ais Qc ot Te. 





ANALTSIS: For any cycle, \=1- 9</©д = Qe: (1-м) Qu. Then) 64.6.2 
gives 


S®\ | [O94 ©. d. Сеи) 
Suae + -$ FP), 7 TH ==. | Е ть Ua 


(a) Үүт 60% 
. -(t000 КҮ| لے‎ — 7 |+ k3 
(D Swce Coyet must be posi hive oc 3er? wi valor, АХ; Cage م‎ (orti ble. 
œ) ™ = 407 
~Ar 1-0,4) 
Tener = - (1000 kI) ст 300K = С) 
Sive Ney eta =O, this сала Corresponds +p мага fever ble operah'm, 





(C) Nz 4 


ri _ (Om ky 
а eis care, irrevtnihlihes one putent ottan the system | 
|. шаг»; Eg. 5.8, the maimum thtrmat есе су Any cycla Can bonne. 
مانن‎ operating be Tuae олд heservoirs ^ Ti-t ane Te © 


Numer t= Be [-5 = 04 (400) 


b- | 


PeoBLEM 6 2^ 


KNOWN: А system undergoes a reversible power cycle while Communica h'ng 
thermally with +hree CFeservornrsS at Spec: fied #@mperadures, The 
Valves fur the energy Transfer ty heat between two of the reservoirs and 
the system are alto speu fred. | 


ЕМФ: Determine the thermal ef fi c'ency, 


SCHEMATIC т GIVEN DATA: 


Weyele Qı = 1600 Btu 
Сз = > 700 Rtu 





ASSUMPTION =|, The Sy stem Shown in The accompany ing f'g ure undergoes a power cycle 
with no intern e£ зеге еко оте. 2. All. heat tansfers take place ot the ndi „ЛАА temperature S, 


ANALYSIS: The *+hermat e [4 es ene, сз 


y= Weucle M W e«cl e. 
On Qı | 


Au energy balance 9 "уез 


Weyele z Qi = Qi - ©; = 1000 - Q — 00 


t} 


(U OO = Qt 


Since the Cycle involves no еуез bilities, and Neat wanc fovs At at Ti) Tay T3, 


Gq -6.2 reads 
ә _ O „ Qia gl 
Ti T Ts cycle 


| 200 | 
ШО „а =) Q, = 360 344 








=> О = 5500 1500 Soo 
Thus E 
Weqete т [U00 = 560 = 1040 Bw 
and (040 
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PrReoBlemM 6.3 


KNOWN: A reversible power cycle. R and an irreversible cycle I operate between 
the Same two reservoirs. 


FIND: (^) Evaluate 9 cle for I in ders of WR J Wr у аһа the temperature "Ce. 


(0) Demonstrete thar WreWe , Qe > е, 


SCHE MAT IC ⸗ GIVEN DATA: 


Нот RESERVOIR , TH 





COLD RESERVOIR, Te 


ASSUMPTIONS: CI) The systems shown in 4he accompanying Sigure undergo power — 
cycles. Ris reversible and T is irreversible. (2) Each System recerves Oy 
at Tu fromthe hot reservoir and discharges energy at Te do the Cold 
reservoir. 


ANALYSIS: (a) For cycle I, Equation 6.2% +akes the form. 


e BUSH [ 8-3] 


Energy balances for cycles Rand X give, respective ly 


We t © | 
Gu RTC => Gc = Фс + Wg-Wzi 
Qu = Wr +A 


Inserting this result jute the expression for Teyele 


@; "m Qa _ QcN. | WR- Ws 


Smee R is reversrble, Eq. 5.6 opplies and the first term on the right Vanishes, 
leaving 


H 





буе —— —— — 

| Te 

(oe) When irreversibe lefties аге present , Tey da T0. Thus, Es. (a) 
reads 


We - W: WI > О WR > Wer 
te = 


Tho e balance result? Gad = Qc-- бе ~ Чт + bon — 
Hat QE 7 Qc. Accordingly, MH ect 4 rrerenihih hes IS to 

де дәсе He desired Outcome ` Weycle aud inerteso the heat 
rejected, UJ Ua cL. fr ac ty at power — PDT eee E 
thovmet pollu N дл aec. 


PROBLEM 64 


KNOWN: A reversible ге депа Ком cycle Ё and an irrevers: ble refrigeration cycle Т 
operate between the same two reservoirs. 


t 
FIND: Show dhat We > NR and Orr ¥ Qu 
SCHEMATIC E GIVEN DATA: 


HOT RESER- 
Qu. voi, TH Qu^ 





ASSUMPTIONS: €) The Systems Shown in the Accompanying figure undergo 
refrigero Non cycles. R ts reversible and I rs irreversible. (2) Each System 
receives бс at To from fhe coid reservoir and dis charges energy 
at Th to the hot Veservorr. 


ANALYSIS: For cycle I , Eq. 6.2. takes the form 


Seyete — PEA, = 9x = Si] 


Energy balances for cycles R оиб I give, respec h vel 


On = WrtQe 


In ser ting thi's result into the €x pression for Teycle 


f$ — Q | Qu\ — ( М-М 
cqele = Te Th тн 


Simce R тс reversible , EG. 5. Ь applies and the first deve. on the night vanishes 
leaving 


бесе = Wr- We 
Тн 


Since cycle I irreversible, Gtqcle > О (ес. 6.1). Thus, Wr-Wg 20, or 
Wr »Wg. The ensrgy balance result thon gives Qá > QR. — —— 


COMMENT: The curren} demont ула hon uses the Clavsrus мерок ty develo yed 
in Sec. б. |. The Conclusion that Wr > WR also can be dewaontiva ted 
using the Kelvin-~Plancke statement of the second law as illusia ted 
i^ the Solution do Problem ElI o., 


PROBLEM 6.5 
KNOWN A system undergoes a reversible power cycle ww tu le receiving бгз 
fron het reservoirs at Th, Ti and dace banging & to a otd ve sevvornreat Ty. 
Find % Ob tain ms $ (F/T, T/T, 4,) j where que Gi/Q,, and Чу созу the 
| eX be Av, О y^ org p> e, $ — ос T, > ФӘ : 


/ 
ScurmaATiC Z GivEx РАТА? 
Fp ec ———— — — — 







Re Serya et 
{2 





©. و‎ Weycte 
Reservoir ex 
l3 
ASSUMPTIONS: Чу The Sy Sten. Shoun oy the dar hec line келеш ^ power 
cycle. (2) There are ro infernet iczevevi.b.l.he or rrrevect al. Веј assoc ated 
With heat tans I ре heen +~ S'y te ve and Fervor. C3) The Only Caec y Prager: 
he tween узких Aud Su/foundings are iadicated ön the sketch, 
ANALT CIS! WAN емлеу у balance for tlre Cycle reads Weycte = Qtr @z-&3- 
Eqvuahw б. tates the form 4 


= Te Qe dE. 
= ©з = Hose x Qs 











то R- 
“The Uv ve ax Effie ne tan Юе ex pressed then 4S — T 
7 { | LO: + 2 Gi] 
5 Wade > ©, + چ‎ ©? ЖИ ©з ы — — 
Qa €, Qc ©, (Ote) (Gite) 
oC | | 4 
і | І 
“р” emu E و‎ $F le |, 
CIR) Lita dt Стеф 
(b) 
jo ^ ч 
22 Qreanaadi be Te case 4 9.7. 8 
fem ү) EO — — ài = КЕ: ( tor raa pends [ / ) 
— (2113 72. 
| 1 E 
cope deam) so DE] Сад uenee ma 
ж С: IE ра ot an extremely lust 


Kuperature, ў — 4 N, 
Would be Sfr cc He Rass than 


ом. ) 


0-5 


PROBLEM 6.6 


KNOWN : Operatn 9 de ta: lt ere provided for revevs,ble and 


теге ше, ii gle cycles, 
FINO 


D CST : — — 
ta) Fer power cycles, Show TH > ds, Co ) — ален cycles, Sheu le 7 le, 
(<) For hea d pump Cycles | $ hoe ”نص‎ T< TR. 

KHEMATUC Ë GIVEN DATA: 

— ——— ite fp SE Ss SS Si 


Su 





ca) 


Ce) 
ASSUMPTIONS: (i) The Sy Stems Showa im the зше 


undergo су Cles, R denotes aœ 
revevsi ble ey Cle and "C denctes an reders DIE 


Cyale , (2) The systems ге сел tC 
and cise ev ge energy by heat transer ot The indicated tempera tares, (3) The 
only energy trany fers taking place are Sba wn On thre f^5ure1. 


ANALYSIS: Ca) Apply rng ©з. 6.2- to R and L) respect (е7 
re) 





' Qu Qe . p | Qe ` те Qu a3, RA i 
E aoe усіе =p Ge 7 Z (Себ) у е 
IH NT le (к) 
T. Ge |, Se =~ Tyce i Tuci 
т, тс — ee qe c < CCE 
TH ®н Ty red d 
=> Ta^ > dn 
R Ce A - 0 =) Gu = AL a T l 
Je. du "e Qc - (He с 2 - Stycle 
— 4 te ін 
le M 
* F | — — — 8 
> бв ~ Qh. _teycte = 217. - Tycle 
t^ Та Gc | Ge Te, 
— ^ >T 
= c c 


-l 
| 
F 
N 
\ 
\ 
Є 
C 
N 
(e 
e 
T 
С) 
|= 
\ 
la 
C ood 
11 
\ 
e) 
E 
a 
% 
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PROBLEM 6.7 


KNOWN: A System vadergues A 


and de lı ver nq Quat s 
Freep: Obtain an 


te rua < cf on 
SCHTMATICT GIVTA DATA: 


Ф به‎ 
cycle in hute receiving Os, Qo at Ту, to ,respechvely 
a for fre maximum 


fueore Heal Value of Oe 
То. 





ASSUMPTIONS: (1) 


Тие 
only enevgy transfers 
(@ANALTSIS 


Sy Ceu S ho wir 


expe 7 enced 


in the А иге Uadergces e ey cle. (2) The 


are gleia on the fig are. з) m t ess. 
An e ne dy balance 





ге duces +o Q^ ©, + ©, ; Є дое hen E tutes dé 
Avr ^ 
Q. Фа. ы 
lo Ti 


15 lu 
Eli mina hn; Q, between these ew pressions 
t é n * 
т 


> MAS 2. Saft | so Tey cle 


, а Te 
5 © — 


oye le 
uF 


[ts = | 
А; 


Ty > To and ТУ о j phe terme in bracken arc peste. 








"Tam. ерул А. Fene hod 
Value of Qu. CO € ud d lan Acotized ao Teycle — 0; 
‚ [1-3 
ОУ, Р rri 
С Фу.) MAY 7 Со, Um 
E 
|j. This device corre sponds do OY OV Mo UT era ~~ See Sect. 10-5, Ф. 


2. The envgy balance Q Qg 








PROBLEM 6.8 No format — Thue [fase 
(a) TRUE. E»^teop 





rS a Proper Thus, vts сае ur. value behveey 
tun Staits 1S independent of -+ o process = -—- Saa Sec./.3 Fw Uso ss, 
Со) FALSE- when T W constant 


, Є4 . 6.18 reduces to 
5, - St د دک‎ — 


Tn a compressi m Vz «V) So 


/ S2 – 5, < О : 
(c) TRUE. As shown na Eys. б. 19, 6.19 ر‎ 1t есас tu bua ^ .سمه‎ ton 
4 ^s da pends ~~ Туи or مر‎ j^ Уре h wh. Also, S tm log exprosted Ln 
terms 7| P;V. 


(d) FALSE. See Cg. 6.1220. 


(e) TRUE. See Eq. 63d 
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PROBLEM 6.4 


с моим" A 5у 5 teow conss Һи) of an «dee gas with constant ресс 
hesh ceto K underave 5 constant volume constant pressure, and cons tant, | 
temperature pousso from the Same invhiat Stafe. 

Fab. Ca) Show ther du en Prope C hone 63 greater fey a constan t 
(Asssure process aer f the constant Valvuure process. Sketch {t+ 
prow stes m Р-У , T-S coordina hes. (6o) Using the т-с diagram, 
Show Xt o Line constant V hen a Slope than a Line of 
cons tant р, Co) rho cavo of {ho entropy Chee df o 

cm аи T Peas: de th. entry с Ome for ~ Cons tant V poss Vo (irk). 
Skeltah +e proeesSes on р-у and "Ts coerdinates, 

SCHEMATIC E GIVEN DATA: 


(a) yo є) 
p P = : Pe, 
T T 





ASSUMPTION: The System consists of an ideal gas with Constant К. 
ANALYSIS: (a) For process lnm & ر‎ spea fire Volume vs Constant. For proces: 1-5, 
pressure vs. conttant. Thus, Eqs, 6.22. and 6.23 reduce ,resspectively , to give 





Sa-sys су n m o Bent TT, 
' жө — 
8 © Iw Tr tT, 
Sh- = Cp in Тї Sa- St * 
b- 3; Р + 
1 = Cp & k سإ‎ 
cy 


As ke>t, (Sp-3,) ә CSa- 31). 


(o) Nane on compare جه‎ stots і (6 1125)v To (aT) os) Pp. 
| aT i va t 
Sine (27/25) جه‎ fired vlo fixed Р) 2 — ae ) t ey {еи 


Ly мх Ҳу T-S dagran that a conSant Spe cc wD lomo Cac ag 
turou الملا ا‎ Keo ^ Jte Са. sloy then a constant n “ممص‎ 
Aine. 


PROBLEM 6.4 l Contd. ) 


For Process -a у) temperature {5 constant . For process l-b, volume is constant. 
Thus, Eqs. 6.18 ana 6/8 геіосе, respechvehk, te give 


Sa-S,7 —R Aon № (e n epg да суеад»л ) 
j 
5-52 су ln Te Cent) w eanget ) 
T 
Using Eq, 3.44, the first of these can be written as 


P. 
Sa-S, 2 = CCp- Cv) I^ & 
Using the ideal GAS equation of state with "2v, the second canbe written as 


Sp-3, © Cv ім p 
Li 
Forming the rao 
sa-s,_ ~ CO) I PP, 


ss, WIR 





PROBLEMG.10 No format. True / False_ 
(a) FALSE. See аы сок, ow 4 Sec. $], 


(ь ) FALSE. For any process) interrati tevenible or otharunse, 
AE = Q-W. Accordingly, مما‎ maj hi had e gard dher ece hom of GQ 2 


vet de dernunsd b a W alone —— Unless 4€ =O. 


C) FALSE. See E$: 6.29 and 1 acconpavag ng E FEE ТИ 
(a у FALSE. Saa €4- 6.11 and He AC CO aning E 

nd the «cco ne 615 62994 0. 
(e) FASE. Sa 57:68 ^ — 


(С) TRUE . San Sec.G4) р. 250 fm das ws $i an . 


(4) FALSE. See Sec. GSS 


PROBLEM (о. H 


known: A fixed masc оф water pinihally a a feos be d [40d , vadergees 
A Contant Fe pera do ر‎ Constan + possue erecers TO. бы 
5А оил ЕФ vapor endih си. 
FInd! (a) Derive ey presyious fr WJC tn Ferms ef m and Steam fa ole 
peepeches. Co) Siew {lab the process is омега Ug reper ble. 


SCHEMATIC È GIVEN DATA; 





ASSUMPTIONS UT ле Sy stem Ж: On Gwed Мелас sS o f Water, (2) Kine he and 

ARAN enesjy ес are absent. (3) Tn ths peccest, Poconsfant, 

— cons tant (4) Volume Chanae TS lae only aor le vires de. 

AM ALTSES HAW Au ASU ہے‎ pho (4) oud Linde tu, pre уиге Ce Mains coat fau l, 
МИ mE oe LU "t 
W:m рем se mp OC v,) = mp Ут ] 


With assomph m (2) and the above CK fasi i mn {сс Ww, an €^ rg ba lance 


gues 
m Сач. i m QW m (Gr чендер == wp (v3 - 9) 


D 


«(Gor )- Ces РУР 


y 


Cb) An ew ho py faa lance reduces № 
м (5-9) = = t y 
Ia boduansg the MOM PARS TIEA fw © 
in (99-е ] = vw (^4- ^E) + WO 
— 


Krom the discussion of Cec.63.1, 69.614, 59-56 = (heh?) [T , and чо 


C=O > th P.coces s (S in емма ч reversible. 


G-1O 


PROBLEM 6.14 


KNOWN: An fecolated Sys tem of dotal 


mass m is formed by mixing CGual masses of the 

Same liquid vals at temperatures T, and 72. 

FIND! Show that the amount of е» Мору produced ГГ Tame in а уи, (т) ] and 
(о) that Ч vost ba posr hve. 


SCHEMATICT GIVEN DATA: 





mass = m 





ASSUMPTIONS: O) The 


tystem Consists of the total 
System ve teolated. 


mass of liquid. (t) The 
(з) The liqurd ts incompressible with Constant Specifice heate 
ANALYSIS: @)The Куо. \ temperature т Can be evaluated from an energy 
© 
balance. 


AU? RST. Thus AU = 0 


or‏ ر 


тас) = Cmach)+ 2 u(R)] = О 
> m Cuty- utn) + и Га Ст )- и) ] = 0 


Since the liquid is in Comp ret: ble weth constant Specific heat c 


acUy-0m)e $e -т) = 0 


> Tf = Т + Ta 





An en bory balance 





| vet 
3 t о 
аз. SE, e 
t T b 
ow 
= м Se -$ (Sc -S 
4 | © 4 1 + $ 2) | 
Using E49. 6.28 
2 
> os | TE Jor — M In 4. 
б ze[ in + = = С E 
= me {м Té 
Е 
со.) 
Z we і T+ T2 == == 
A 2 (TR) 
b Т и l 1 62 >. 
Co) ZO when "[ 2n © 


“у. 
=> Dia? or  T,4T > 205.) 
eliT 





Squaring both rides 


1 Р LT 
пат ү > 4 C5.) oc hà t2%Te th 2 4h 


=> T -rnt 2 © 


i 
=> M-n) 2 O 
The inequality s satisfied for ether T>% or Т 9 7; » The equality “ppli'es only 
when T= 


Cb) 


~~. 
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PROBLEM 6.13 


KNOW A : A Closed vy Stem and ths Surroundings tira Le C [o an isolated 


System. 


FD: Four each ed four AASE S ans wer true or fa lve jand ex plain. 


— — 





ANALYSIS: From the discossicna e ec. 05.5 





(energy) AEl + 261 = О u? 
(entropy) 4 545 + کے‎ 5 Jsurr = Viso | (2 o) (27 
(к) False € 4 ve нои (2) allows g hut does wot req oire, beth 
en hops CLAN geo to be pos | i 
(ь ) True (С а оа th o4 (>) allows AS پء(‎ e مە‎ le decvease оле [е 
AS \suce de ci eases ) and conve rely — pro v: de d +С 


«Ойыл. C nmnegah vt È provided Neset 2 O. 





(с ) False TL AS) sys = AS )surv = © ) (C fot lo $ 1 (Sol 
most be Zero „and 750 ig en al lowed ow tcowe. 
(d ) Fa (ce r[ о AS leyg gud AS {гики decree, ; t follows 
| S bored. us | axl lowe d out cow ©, 
+ iat Ve © ) uz bct о vot an t 


(6-12. 


Peo BLEM 6.12 


known. А qvantty of aic Undergoes A Process fr Winch the aw sy both 
strred ana heated £v o^ a reservoir. 

FINO: We pl ain lho uo the p^ecetí Can be | cQadoctesd with (a) Rehm од. 
enia peodochm, CF) venio. entropy predoch'm, 


ScheMATIC TF GIUSTO DATA? 





Reservoir +, سے‎ 


ASSUMPTIONS (i) Tho Sy Stew consists of the Gir onl . (a) The ا‎ 
of dhe aw at 1^9 place hare CREDY (€. received from the безеу уъгу 


T an ideal Gas. 
transfer iS “Tb (3) [Ае Cuir (4 иле de led as 
(AX — — ef fhe alr FS couStent dering the [recess qnd 


there rs no significant Change in dkinetvc or ро tentral energy. 


AWALTSIS: The Change of State can be broupht about by a 
Covab ical oun of heat and Work. G and Ware velated 93 Ea eoe balances 


LAO OWT => wm (суат = ب‎ 


T 


where asSumphons 3 and + have been Uged, 
Si wed Q is received af Thy Xv close d £4 ote ma ек top 4 balance | 
reads _ Oo 
T 6 
lo | 


Then, Co vt^ € 6.8 and m 4 


-LS (AO, , ps 


Colle. ^4 Asovi pets positive Oe 2) 
| ? n | 1| 
f A | Q 
= YW. — 
IN NNNM i 


Ассо r dan ya у WM. encreases as Q decreases у аи d conversely. This suggests 





> 


— M aximum q- cor ee Sev d] +> Фо t te Process ta kes piere 


by, Stinni ng idy: 


— Min: mum т corresponds t ng to t he fu Heat extent , followed 
рч ууата âS requir РА. Observ {tee Some shreing Co ооа& عط‎ 


— da ih n. were 3 rater үе Ao4 er vor Kupara ture. 


Cell 


PROBLEM 6.157 


{< NOWN: 


The tem perature within « ^od inttratly in Contact with hot and coid walls 
at its ends гс linear wrth pesttron. The rod ^s tnsulated overall and 
even dally Comes toa final eq uili brima £fa 76, Where the temperature i's Tr. 


Evaluate the Final tewperature and the amount of entropy pro d oced. 
SCHEMATIC È GIVEN DATA: 
————————M واا‎ 


FIND : 


Te < TH 








x 


ASSUMP TIONS: (1) The system is the rod av исі i's tneulated on cts lateral sur асе. (2) 


The rod ts modeled as Mncompretsible with constant Spee fic heat C. (3) Tnrh'ally, th 
бек. Мела мге within the rod Varies linearly from Ty to 7e, 

ANALYSIS. The final temperature Can be deleri sued using an energy balance whrek 
reduces to give AU d 56^ or AUO, Fach clement of red dz Changes temperature 
from Tiz) to the Сиа! temperature л А and thu: contrebutes То the change tn internal 
energy 


dU = dm C("g - Tez) 


= (pAdz)c (Y-T) 
Accordingly 


L 
AU: | (раа) е (Y-T) 


" 


Tu - T. 
pac | (~The T Б )z]dz 





2 .L 

pac [ G-n) = ج"(‎ [< I, 

3 pack (Grm сът) 

Since AUT O ) Ty 2 те )/2, 
Te £f 


Te 
nd the entropy producen р ^^. eutveopy balance reduces Чо grve 
а о 
ass: (Ac or 





= AS. Us th te 6.24, the entropy change of an element of 
rod dz fs — T 
Tez) 
Accordingly “ — E Ф, 


L 
T= pac |с Te- TCZ) = РАС [n Te JL. - NOS T(z) )dz | 


Using the Given temperature dis Vi ovhron, the variable of integrahon can be changed 
fr ow. z ът: 


dTs – ( TR t)dz = 42: ~ لہ‎ dT 


—R 
With this , the integral Can be expressed as 
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PROBLEM 6.15 (Contd-) 


NOSE = Rone dT 


Tu -Te 


"A 
"m 08 da TdT 
Cm-Te) Te 


Саз pp ees т 


| & La Ta = Ta ) ^ (te fa Te. - Tc )] 








x -Te 


тилн ТТ i 
Ta - tc Ty-To — 


Col lec n9 rerutts 


Faz pac | йет). " ы m. Te. А Te - J] 


Ta-To Ty Te. 
=- we [ ! A A Tg + (Ve dan Te, — TH dn TH و و‎ ee А 


Taste O 78e 


PROBLEM 6.16 


KNOWN: A ty atem vadergques a cycle whrle receiving Qu at TH and discharg tng Qc. 
at Te” . Ou and Qc are wrth het and ceid retervoirs at TH and Te respectively. 


FIND: t Determine an ex pression for Weycie in terms od Qu, Tc TH and 07. Có) State the 
relationship of Ti!’ tb Tu and Te! to Te + (с) Оба an expression for Weycie 
when there are (i) ho internal Trrevernbilier, (07) no rrrevernorl her. 


SCHEMATIC € GIVEN DATA: 
Аль 


HOT RESERVOIR АТ Ty 


Weyele 





COLD RESERVOIR AT Te 


ASSUMPTIONS: The ty stem Shown in the Accompanying frs ure Uaderg oes a power 
cycle while recerving OH at TH and discharging Qc at Te. There are no 
other heat trancfers. 

ANALYSIS. (6) An energy balance gives 


Wey ete - Qu — Qe. о) 
Aw en tropy balance Gives 
Ф 
е TH Te^ 


where T is the amomt of entropy produced within the Sys Кем per cycle and Д5 = О 
becouse the system onder goes acycle. Solving Ta. (2) for Qc, and Subs hh hng 
the result inte Є. (а) 


Pd 
Weuete = Qu [' z 1. |. Т" Vegeta (3) гае? 
H 


(p) Fer heat trans fw % оссо” fromthe Kot reservoir Te the System Ty 2 7H“ for Cb) 
heat trans þe to осше (vow. + tre vy s tem С +he cold reservoir Te’ > Te . — 


(c) TH there were no frrevers гој System during the Cycle, the erm 
бае гм Є. (3) would уа уч h leaving 
Ce-a ) 


# 
Wenete = Qef me x] a) — 
н 


Externe trreversibr lites are astocvated with heat transfer between the 
reservoirs and +he trys tem, Tf these are also absent , Ти = TH and Te’=Te , 
and Eq (4) become: 


Wescte = Сон |: m 5 | Cs) ( ¢-44') 


Wher vs the magimum theo refical wort that Can be obtained С Sec. 5.6), 


b -lb 


PROBLEM 6.17 

Krown: A System power cycle س‎ Lote receiving ~r ا‎ 
Om lae transfer Bre « ول مص‎ i Rally el TH and discharqunes 

enersy by head trans fr To 2 Anuwtar body tnihally at Te. orle 

is dé veloped vah | ths te аг, fare „9 € «cL. body L3 77 


Рә: — ем. (9 ssi ons Fre the ИАА іла Ил Uin +theore h cot f 

de up era bar e T! o for the Алем ли шы theoyeticet wort that can or 
developed. AlSo obra am x pas SSi n f АААХ іла mum thaome had 
uurk "pe tho (эзо о-да Oe Amy uinod 64 2. jaa Һа cycle dio 
restore the hn bodes fo therr Герпес [уе ot tempera tures, 
ScHEMATIC & Сото DATA: 








inttally + Ty |>” ye QzO 
Finally. т^} | | 

| | 

| Em W 
inibially : 2 і Е | 
fiat s T | Speci fre heat С 





ےھ — — — — 


ASSUMPTIONS: (1) The system shown tn the ACCOMmpany fig ure f Composed of three 


paar aal An compress (ble bedy 4, Mase м And Spec fre heat с lari ally «t Th 
^ ا‎ iai ble body 4 Mast ил and ресе heat C (fínv'h ‘ally at te: A ty stem 
that undergoes a power cycle, (2) Fir the overall System, С) = О 


ANALY SIS: (AJAn energy balance gives AU^z g- w > 


W =-[ AU] jor дае +AU leon} = - [ mel T-T) + mc Ст - Te) ] 


oY 

W = we [T+ -2T 7 C1) 
An entreny balance gives дз = [бей ет, Then, with Eq 6.24 

«ач [ 25], Р + 2 S)«c» | & [ we ім т + me "x 
Or 

T = me dn (2 
Sovi ng fe Т“ | 
(= т а а) 


Frona МАК, uw Cor Qa concluded — — МАД LAR ha UA, Vitina aT 
Б йй to +t. — no Da TN irr e у ہے‎ Ii ho ©з 0. Then 
Y, 
Cr’ Juin = UT] (n) 
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PROBLEM 6.17 CCmhunued ) 
(о) Subshlv ti^) 64:0) into 64-0) 


| a 
WN * мє [ Tht Te ~ LOH exp е/м cy) | 
Se мро у, & felleas tut Nv 02 о, giving 


omg 


= 7, 
Wuay me ( Te + Te - 2. (TH Te ) J 
Ce) In this part, the system shown w the schemahe undergoes a~ 
re (ro qera m cycle + not must Qa driven h c ^ work P^ р иж Р 
The analyses Very Lote pev Mel + eb given above w parts (0), lo): 
As Q—O, the energy adda d by the work caput. results in an Increase 
745 Бе м^ tA bernal — A -W = AW, on 


in ne 
о Р 4 
+me(%T~-T | 


-W = АЧЛьт + — ** + OU jeu = (me(Ti-T ) 


^ 
idi “Ww me [ TH+ Te. 2T ] сф 
> o 
An eulvopy balance gives AS= } = +o, With E9. 6:24 
о 
А "t 
(= S ja + eda et) $n = T Wee An ع‎ 
= me in | Tate | 
Ст} 
5) 


ё 
Solving Te т 
72 
+’. [ Hts | 
n ex p(T/me) 


Suosti hing E4.) inte t4. (4) 
Zn 
VI me | T+ Te — 2 ina | 
As 620 , it Ыбы: tut Cw) < aminimum when o2 О, giving 
-Wuna me (teats er eJ 
Wins me [ (тат) * = Ty -Te'] wp me — — — — 
whch corresponds to {te mud 4 part lh) у except haa a Work input 


ics evaluated. 
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PROBLEM 6.1% 


KNOWN : An insulated weaving chamber at steady state receives liquid. Streams 
ef j^ Same S&Lbgtance at ve 1, T, and Ve 2 ر‎ 2 ‚ А Single sheam exits 
at m3, T. 

Finn: 


Ca) Evaluate Ts w derms ci Thy тъ) hii ifo ‚ Ch ) Evaluate чуз th terms 
of the рес hic heat С j Tn, Y d 3. сс) For fixed © and т, |7, 


determine “phe Value of wif Mg for Winch a/v. ;S CR УА ЖА VA DM, 
SCHEMATIC = GIVEN DATA: 


iA Sul ah en 





ASSUM PTIONS: Ci) “The Con wol velot S bow 


in the А ute !5 at Stead 
State. (2) tov the con tral Volo ыла, Dey رع‎ б ) and all kine he and реса had 
energy e ff cts are neglig tle. (3) The lig vid Streams can be ves dele d 44 
сом foa ssi bie with conf tuat Spec hc heat €. and negligible e f fects cf pressure, 
AW AL TSS? (4) At Steady Stare, a mass balance reads mgmt mz. Ал energy 


balance becomes , with asSomphonl2) у O = vei hu tm, hy - wg hy. Combining these 
едоаћ ons qives 


Oz mihi 4 پم‎ ма ума ес И) 
оз va b) e (из) 
(D Ge with assumption (3) and G4. 328b М 
: i 5 — or -` — T 
oe vdd epe ac Chet. my dye "|| Т) — — u) 


(b) Aw entopy balance reduces at Steady chute to give 


о Г 
> ? Ф А : [3 ГУ & А 
о = f sy e ъъ SEP. or Oz MS + Сумм) mg Sg tT 
+. 
J 
Rearranging у and Using 29.6: 2 
a zh. isch quier СЕЕ sog 
O= м, (9-51) e 3C 7S4) V c бту d à E 
Solvin 
e 9 | 
D = = © i in 2 cda EE! 
W^ 3 Wr 3 y i 


Using the result ot perila) {luis becomes 


. mi N CES NÉS ul 
; кх т (ут) | 4 8 .ع‎ EY сш} 

| = M = ¢ ‹ id Р б n 
A DE d Eod ln T С La) — wa T ving № fe ^з 
Y^ 3 


Leti X zwi, {tis Cen We expressed o { 


T 


| ek m | 
E doi | GY pex) || — 9 Lit “[@)-1] ^ 


— — | wha le Leld: n С, and TT, 
(с) | Toa king the de riva hve of This 3 with respect te X Y 


constan t 





3x 0 T/r (Ty* T xt) 4 
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PROBLEM 6.18 CContd.-) 
Setting this de Xero 


-®(®%)[ + 0-0] + 16) «J =° 


Solving | | 
© Lu tole) l-G) 
jp 65) | D 


l. Iw applying Eq. 3.130 Ы +he Underirued Чери below has been on. ted 


и. - и = с(ту-^%) n v Gg - A) 


-r «= ane me = 


Sine Tea! speu fre potume of 20.5045 are smail, a £u? Fan Ir ot yr nsure 


а. {faranae ( &,- f.) CWould box fea vere d To v^ Sr Gad fern وا‎ е Owns 
S eei مس‎ ` Effects ^ бла мо. re ors мода cud = 2-4% | m 3. 


2 When va] mg = O j Eq ta) gives = Tl , then 
cT. = esM + غا مھ‎ | = о 
"^3 m ms 7, T2 


And whan {мз 2!) Ep) gine Te = П, the 
м Ta т, ~ © 
| T A dau e 
+ уау 8] 15258 
s TE : 


QA. Aa сала» — ف‎ he vw, ww o ho en vong ре doch . 


3. To ver: {4 tut ts Хо caa a ima راان مط‎ form tA. 
dariva hve v ( Ф</юз)/әх® олд evalu «Xa Toe Asa Uu AC v4 


€ pss ہت‎ with +e sapa ЗС on for „4 here +o sh.ecur 
مہ یمر‎ Cr dey № ف اتك‎ esa he. 


PROBLEM С.14 


Co.) 
Ch) 
Ce) 


FIND. Determine Ha зрее en ору , ид e J/t5 (d of water at Hs 


feo кшм States: 


5.0 MPa. 
400°C 





264%. 


oo 


S.oMR, too°c 





“ы а с с^ а - n : 

Ta tapolo yon мд Te A-4: 5 = © 949 IgE) K. — t) 
с.о MPa, tov’. Table А-7 Sz 1303 EILS <. Cb) 
дем, аз wees . Table 4-3 gives Ups n4 7.£ e3( 5, Ugs 2,547.16 3185. 

£ سا 


1872.5 — 1147.9 


ver e IONS‏ ت 
дала - 147-6‏ 


С = 


Turn 
: 2 сс) 
S>Seax(Sq-S)= 4,4202 e Or SC S. 4734 - 2:4 о]: + 4463 © (ед. < 


ау SoM В, Saturated моро . Table A-3 : Sg = £.9734 216): K -4— — — U) 


TT results . Nate at a Liquid Stateysuck as Cb), IT returns gnirop4 
Using Eq. G. T. See Methodology Update — р. 244, 


IT Code 
р = 50 // bar 


Ta=400 //°C 
sa = $ PT('Water/Steam', p, Ta) 


Tb = 100 
sb = s_PT("Water/Steam’, р, Tb) 


uc = 1872.5 // kJ/kg 

uc = usat. Px("Water/Steam", p, XC) 
sc = ssat_Px("Water/Steam", p, хс) 
xd = 1 | 

sd = ssat_Px("Water/Steam", p, xd) 





IT Results 


(a) sa = 6.645 kJ/kg-K 
(р) sb = 1.308 kJ/kg: K 
(c) xc = 0.5001 

sc = 4.447 kJ/kg: K 
(d) sd = 5.973 kJ/kg: K 
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PROBLEM 6.20 


Камәр: Deternu'ne the Spec —* Btu/ lb: R, of wa fer at a 


(low a states: 
x 2 ооо lof (ind 





7S0°F 





ca) 1000 1 (гиё, 7S09F . Tuterpolahm ы Toble A-4E: SaL S4 Gh Ib. OR. e 0 
(by (ооо lof£/ra*, BOOT. Table A-SE : <= 0.43552. Bh/lb. R, а 


() ўеш, hs 132.4 Git * -ze giv "ee. 
) = etn; h=13 /l0 Table A-3& gives he = S42.4 Bh pb, hg = ©50.0, 
4 > паз Gh l0, Thus 


A324 - SHAY _ „ү 


- — — — —— — 


Tran, eso 


S= S£ exCSgq- Se) 


= 0.7432 + 06(0.647!)= 1.4315 BStW/feR. _ а 


Cd ) 1000 if fin", Sahrana Voor. Té4ÀsA-3E . Są > „3402 8t | .°R ك‎ © 


IT Reculk. Notethat at |i ог states, Such at (b), TT Ae tfuvns 
Entropy ху "m Jar чечем ony Uplate - Р: 244. 


ІТ Code 
р = 1000 // Ibf/in.? 


Та = 750 // °F 
sa = $ PT('Water/Steam", р, Ta) 


Tb = 300 
sb-s PT('Water/Steam", p, Tb) 


hc = 932.4 // Btu/lb 
hc = hsat. Px("Water/Steam", p, xc) 
sc = ssat_Px("Water/Steam", p, хс) 


xd = 1 
sd = ssat_Px("Water/Steam", p, xd) 





IT Results 


(a) sa = 1.541 Btu/Ib. ^R 
(D) sb = 0.4369 Btu/Ib- ^R 
(c) xc = 0.6001 

sc = 1.131 Btu/Ib-^R 
(d) sd = 1.39 Btu/Ib-^R 
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PROBLEM O.Z] 


Fixp: Determine the change in specifre entropy) in к3/к9:К , between the spec- 





fed states. 
(о) Water. Piz МЮ, Т = 400°C, p= 10 MRL T= 100°C | 
® io MÉL 
400°C Table А-4, S, * @-2120 KI/Kg: K 


3u*c Table А-5, 54,7 1.2992 K3|r9:K 


S -S42 1.299? - 6.1120 
(а) 


- 4.9128 KA |g. K mm —— —— — 





v 


Cio) R1I3*a.. h,= lil) 4 l0 / к ) :- °C , Saturated oor at р = Shar E 





S Var table A-(0 of ~ «o?C 


Y @ he = ره‎ Neg = 222.68, Mg — єз [єў 
"Us, 
uu. -0 A о. 57 


— 222.38 





уа. м. 


У зук ¢ k CSg <$) 


о + o. $ (0.4560 - 0J 
o. 478 €2/k4- I< 


Than, tus ft. 343 Fy oc Tet. А -11 
о.аи7- 0.4782 0.4 387 KJ [65 mM Uo) 


5, 7 Si - 


, T, > 600K (327%) = Ibar 





б) Aw as an îdeal 


Wrth Eq. G.21@ and S° data from Table A-22. 


$.-8,2 S?(TX)- SLIT) = Rin Pe 
2 i x) ) M P, 


= (2.40402 ~ 1.63274) ку _ (5393 XJ ) dnt 
кек 947 Fak & 
ссу 





= 0.97%15 KI 
Fg: K 


(d ) Hydrogen CH.) as ans deal даз. T; = 1000 K (727°C), Relbar, T3248 К (25°C), 


Р, = 3 bar 


Table A-21 provides the following expression for ¢,(T) 


Cu. | 
xoa AT + yT? + 8Т? + eT" 
Inserting this into Eq. 6.09, written on a molar basis, and integrating 
а-я. [h(a BT* yr FET eT dT — n £ 
R 


Ti T P1 
P2 


T 8 
= «п + A(T Т) +5 (Tê - TD +30 - T) + 3(T1 - TH - 102 


The values for the constants a, В, У, 6, and e for Ha, are obtained from Table А-21. Nance 
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PROBLEM 6.24 CCondd.) 











$27 $1. 3.059 А 2 one 4 2.677 (248-1000) _ S.¥! AE [ооо 
R 1000 ^ 403. = ı06 
—— 
+ S. ‚ү e] — 1-8% 21g f- too {оор ыз 
10 ^ a “we 1- 
$-$ = By kJ | -3.701 2,8748 + 2-64 = 1.79 + o9 — 104% ] 
ктр: 
= - 44,61 ЕТ 
gme К. 
Uude the Ило е с or ہیں‎ St fw Hr fran 724-9, 71M = 2.016 
S-S] = 32-31 — 44.6% ЁЗ [knell - -22.163 kJ 
№. 2.0 ئ‎ k 9 | ки IC 
TT SOLLTION: 
T IT Code 
Ta1 = 400 // °C 
ра1 = 100 // bar 
Ta2 = 100 
pa2 = 100 


sa1 = 5 PT("Water/Steam", pa1, Ta‘) 
sa2=s PT('Water/Steam", pa2, Ta2) 
dels a = ѕа2 - sat 


hb1 2 111.44 // kJ/kg 

Tb1 = -40 

xb2 = 1 

рр2 = 5 

pb1 = Psat_T("R134A", Tb1) 

hb1 = hsat_Px("R134A", pb1, xb1) 
sb1 = ssat_Px("R134A", pb1, xb1) 
sb2 = ssat_Px("R134A", pb2, xb2) 
dels b = sb2 - sb1 


Тс1= 7 

pci = 2 

Тс2 = 327 

рс2 = 1 

dels с = s ТР("Аіг", Tc2, рс2) - s ТР("Аіг", Tc1, рс1) 


Td1 = 727 

раї = 1 

Td2 = 25 

ра2 = З 

dels а = $ -ТРСН2:, Та2, ра2) - s TP("H2", Td1, ра1) 


[Т Results 


(a) As = -4.903 kJ/kg-K 
(b) As = 0.4338 kJ/kg-K 
(c) As = 0.9749 kJ/kg:K 
(d) As = -22.16 kJ/kg:K 
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PROBLEM OLL 


FIND: Determine the change in specifie entrepy у in Btu //b-oR. 


LA 






Ty = 800 °F 


1000 lof/rn* 


(a) Water. р, = 1000 lef /in® z /666 lbf/in 








Table A-4E. 5, = 1.5665 Elu/Ib. *R 


Table A-5E. 5, = 0.1290! Biuflb- 2А 


з-у — 1.43749 6(0. Rm © 





v 


40 lof / — 





таоце A-i06 at- 40°F: hpzo, heg= a5. £2 B hal lb 


T 
Жк 479,31-— О 2 O.S^ 
95. te 
ide 512 54 к. CS2- Se ) = O+ o.s (0.2243 -9) > ol y Gulu- R. 
Lt 
v 
Tet A-HE, 5.2 0-UA7 Btwjlp-OR. “Than 
S esya O. 24A 3") ~ O IIIS 2 O. [OSO Sh / lb. аә „жы > €) 
(с) Aw as \ деді gas T 40°F p:2alw, $7420 от г laim. 





Wi t — 5.252. and 52 dete. from Table A-3 Е at Soo*R and BBO R 


52-5 = © °(т.) —s°(T) ~E La. 7 


(Bs L486 Btw \ Koc е 
> (0.712%b6- 0.58233 lp-* RI? er 97 ie: 9R 2 | | i 
= 0.19405 8+4 / [i eR << — — «ü — — — 


~~ 


(d) Carbon dixure ag an ideal as. ТЕ 820*F fA lajm 7:779?F, р = Заў. 
Win Eq. 6. 25р and S9 data from ‘TableA-23E ot [280% and $37°R 


чул, TMl- TUG) - RR 


> (61.032 - 60.044 (St, M WA 986 Bh | А "à 


lomo] OR 


bma OR 


Then, with the Molecular weight of со, frou Fable A-IE 


S-S, = Sa - 651 
M 
Bh 
- =i]. (43% {рмо!.°Ё. 
o — — 
44.01 'b/ tomo! a) 


-06.29436& &t*u/[p. o «K————————— ————— 


“ 
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PRORLEM (2.2.2 С Contd). 


ІТ Code 


р = 1000 // ibf/in.? 

Tai = 800 // °F 

Ta2 = 100 | 

sa1 = $ PT('Water/Steam", p, Та1) 
sa2 = ѕ PT("Water/Steam", p, Та2) 


IT Selode-c .. 


Td1 = 820 

pd1 = 1 * 14.696 

Td2 = 77 

pd2 = 3 * 14.696 

591 = $ TP("CO2", Td1, pd1) 


dels a = sa2 - sa1 542 = s_TP("CO2", Td2, pd2) 
dels d = sd2 - sd1 

hb1 = 47.91 // Btu/lb 

Tb1 = -40 

xb1 = 1 

pb2 = 40 

pb1 = Psat_T("R134A", Tb1) IT Results 

hb1 = hsat_Px("R134A", pb1, xb1) | 
sb1 = ssat_Px("R134A", pb1, xb1) 
sb2 = ssa_Px("R134A", pb2, xb2) 
dels_b = sb2 - sb1 


(a) As = -1.437 Btu/lb- ^R 
(b) As = 0.1056 Btu/Ib-°R 
(C) As = 0.184 Btu/Ib-?^R 
(d) As = -0.2545 Btu/Ib-^R 
Тс1 = 40 

pc1 = 2 * 14.696 // Ibf/in.? 

Tc2 = 420 | 

рс2 = 1 * 14.696 

sc1-s TP('Air', Tc1, рс1) 

sc2-s ТР("Аіг", Тс2, pc2) 

dels c = sc2 - sc1 





PROBLEM 6.23% 


мос : (Le Lrige rank 22 Under ges д. process between Tuo spec fied States. s 
Fred: Detearnune the tuwperature ot the fnat State, in sa and A finer 


SCHEMATIC T GIVGN DATA? Specific epo vu t| Ks. 
А 


0,2 Мо A, 0 bar 
O Lore 







-Sag °C 
(sa-s;)2-0.95 lles K 


ASSUMPTION: The Systema | kg of ($- 2.72 
A*SAU S: Fran Tels A-I, sz LOIL к/ф Ie. Tha 


$ ^ 9,4 093-5, 7) 2 („01806 + (-0:55У =Q.SASL kT /e9-K. 


Sue. Y< S2<Sq at 0g bar, Table A-4 ) SH w ا‎ tn furo - pleas Ru’ qd ¬ — 
t 


ream: Then, Tz SL. 40°C and є 
~ OSL -(-0:0541) _ 
Mr oray- (-ооҷчау T OS 
he 


“> ys hype ta Ср) = =“ 12.35 + (65318)( 240.28) = (16,88 к/а — 
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PROBLEM 6-24 


KNOWN: One th of water undergoes a process with no change in spect fie 
entropy between two specifyed states. 

EIND: Determine x or T at tv hinck . State, as appropri att, 100 (bf /r, 

“using attermahive methods. i 


SCHEMATIC Т GIVEN DATA: 


۱ 1@0 lf /in® h 






ъ5о°Ё 


Sibt/in? 


e5o*F 





5 
ASSUMPTION: The one lb of water ss the Ty stem. 


ANALYSIS ау From Table A-4E , з= / 7807S He/lb ‘OR . Then, wrth Sp an Sg at S ibd fi 


X4 = Sa- Sf „ 178075- 0.2347 = 0.46| 
Sg- £ i. 8441 - 0.2343 








(b) By ins расом of Figure A-8E at p,=!00 (of lin", T= 50°F, $,= NT! Bin/lb °R. 
“Then, with 322$, and Р. = > bt/int, XQ = 0.36, 


(«^ 


ІТ Code 

112650 // °F 

p1 = 100 //Ibf/in.? 
p2=5 


~s1=s_PT("Water/Steam", p1, Т1) 
52 = ssat_Px("Water/Steam", p2, x2) 
52 = s1 


[Т Results 


S1 = S2 = 1.781 Btu/lb-°R 
X? = 0.9609 


|. 


(D case 


PROBLEM 62S. 


FIND. Determine the change ما‎ spec: frc entropy حما ر‎ 52/65 к, using thea. 
(des gas model and three alternative a pproachay , 


Ideal Gas Table 


As S*(,) -S*CT) - Rin Be (6.21 а) 
I 
(60) Air With S°data from Table A- 2.2... 

В. = (ook Fa. 

Tz 243K = б.242.%4 кЗ/кд-К 

Т, = 313K 
б) Arr with <° data from Table 4-22 
{= thar 
P = 3bar AS: 2.49364- 1.70203- 1:314 In 2 
T= 300K 29.97 і 
ъ=: 650K = 0.41032. к/к -K 

(с) со, With T° data from Table А- 2%, 
R= 15б Fa. and M From Table A-I | 
A= 900k fj, P 241.033- 214,284 - 3.314 b^ 3 
T: 303K 44.01 

Bp: 573 К = о. 4169 K3 [ka K 

( CO With pve RT 

= 300K Pa. : aS D 
т, = 500K Pi T INN, 

: = {S00\/ 1:12). 2,44. 
— i —A 
Чот олм 
S a with S? data from Table A-X% and 

M freon Table А-1 
— 212.114 - 197.723- 9.314 44 2.444 
28.0! 
= 0.2101 Keg К 
(e) №, wiin S°datea Fr om Table A- 23 
| R-2 MR. and M from Table A-1 
Pa. = | MPa Ag 11682-2. 4 м 2 
Ti = 800K т 2.8.02. 

> 300K = 20.373 кч/к. K 

ІТ Results 


(a) As = 0.2429 kJ/kg: K 
(b) As = 0.4762 kJ/kg: К 
(c) As = 0.4764 kJ/kg:K 
(d) As = 0.2702 kJ/kg: K 
(e) As = -0.838 kJ/kg: K 





| Cons tant Specit« |+ e 


(6.23) 


With Cp at 339 1< from Table A-29 


= срім Te - Rin Pe 
B P 


Ca) 
AS= 1.007 l^ 2723 — O سه‎ 
| 23 | 
> 0.243) KI/K9 K 
With Cp at 475K from Table A- RO 
AS: 1.0249 In @59_ 8314 242 (b) 
300 28.47 7 =— 


з О. 47634 к/к · K 


With Cp et 433K сом Table А- 20 


‚ а $6 da 573 T S314 314 daa Зоо 
4\5= e 703 44.01 ‚60 tc) 
س‎ 


= 0.4867 KI /ка. К 


With Cp at 400K Crom Table A- 2.0 


дс̧: 1.047 h 500. 8.314 412.444 
300 2.9.01 


>» 6.1696 eJ[E3:- K 





md 
With Cp at 550K From Table A= 20 
Ase LoS ln 322 - 9.314 „1 | 


= ~0.§389  t*T]k4. K 


The constant Cp value is evaluated Fran Table A-20 at the average temperature Alternatively, 


the arithwelrc 


average. of tha Q values a+ the ћалр end temperatures Can he Uf-ed. 
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PROBLEM G.25 (Conte) 


ІТ Code 


pail = 1 
ра2 = 1 
Tai = 293 / К 

Та2 = 373 

sa1 = $ TP('Air", Ta1, pat) 
sa2 = $ ТР("Аіг", Ta2, pa2) 
dels а = ѕа2 - sa1 





// bar 


pb1 = 1 

pb2 = 3 

Tb1 = 300 

Tb2 = 650 

501 = $ ТР("Аіг", Tb1, pb1) 
562 = $ ТР("Аіг", Tb2, pb2) 
dels b = $62 - $61 


pc1 = 1.5 

рс2 = З 

Tet = 303 

Тс2 = 573 

ѕс1 = $5 ТР("СО2", Tc1, pct) 
sc2 = 5 TP("CO2", Tc2, pc2) 
dels_c = sc2 - sc1 


Td1 = 300 

Td2 = 500 

vd1 = 1.1 // m?/kg 

vd2 = 0.75 

vdi = v TP("CO",Td1,pd1) 
vd2 = ү ТР("СО",Та2,ра2) 
sd1=s_TP("CO", Td1, pd1) 
542 = $ ТР("СО", Td2, pd2) 
dels d = sd2 - sd1 


ре1 = 20 

ре2 = 10 

Те1 = 800 

Те2 = 300 

se1 = $5 ТР("№", Те1, ре1) 
se2 = $ TP("N2", Te2, pe2) 
dels e = se2 - set 


6-24 


PROBLEM 6.26 


Fis ba: Deterrnwine ths change in ре сл £c entropy) w Blw//hmol:?2€ , using TAR 
[deal مه و‎ ило de {Фл à +hree atternahve appro achos . 


0 RE 


case 


ta) Aw 
R= latm 
P22 tatm 
T= 600% 
7, : 860% 


(b) Arr 
f= 20 lbf/in* 
р, > Go \ [3% 
т> 560% 
тъ: 760°К 


€) CO; 
R= latm 
?, = Satu 
Ti = S00°k 
Tr? 460% 

(a) Co 
T= 660"R 
To = 300° 


4 = 20 $42//o 


va: IS fU Ib 


(e) № 

|. fj* tat» 
P= latm 
Т, > 12.60 R 
Т2 660°R 


Tdeal Gas Table 
452 з°(т)-%°(т, ) -R dios 
Р 


With S9 data from Table A-ZLE and 


Ma 28.97 1»/ Ibo! 
о 


AT = 28.97(0.71323-0.58233)- 1496 In 1 
= 3.7922 Btu] bume!’ eR 


with 3° data fe om Table А-?Е 
and Me 28.47 lb/lbmol 
AS + 28.97 (.08312.-.6095)-1.486 In €? 


20 
e. 06.049 / Btu/ Ibis ol OR 


with €? data from Table A-XXE 


АЕ = 56.7605- 50.40% - 1.486 — 


= 4.1762, Ві мој. *R 


Wien pye RT 
Pe _ [T Y( V. 
в Ы SJ) 
- feeo M 0. \. 1.7374 
ESN 18 
With &° data from Table A236 


AT 55.589- 52.93¥ – 1-986 In 1.7374 
= 1.558 i Btu/lbmol- oR 


With S? data from Table А-2%Е 
ДЕ = 47.178 - 51.771- 1186 dul. 
= -3.2164 Bis/Ibmel- R 





ІТ Results ' 


(a) As = 3.79 Btu/Ibmol-^R 

(b) As = -0.04884 Btu/Ibmol-^R 
(с) As = 4.176 Btu/Ibmol-^R 
(d) As = 1.557 Btu/Ibmol^R 
(e) As = -3.217 Btu/Ibmol-^R 





(o.216) - 


Constant Spec [vc Ie 


Ass Ф ж - Rine 0028) 
t 


Tj 


With Cp at 220*F frow Table A-20€ 


and Mz 29.97 lb/ lb mel 
o € 


— <— 

AS = (aga1X0241) In BEO ~ 1.996 dul 
500 
= 5.7864 Btu/lomel- oR 

With Cp at 200°F from Table А-20© 

ond M= 28.97 [b//lome/ 

с | 760 i. Альо (b) 
AS = 6.8.57)(0.241) Ln eb 1.486 dn 97 اکچ‎ 


= -0.0 ^48 Btu//bmel OR 


With Cp at 270°F from Table А-ДЕ 
and Ms 44.0/ lb/ibmot from Table A-IE 
(c 


AS + (44010.225) In 40 — 1.48€ 1.3 هھ‎ 
00 


= 4.2776 Btu/lomol :*R, 


With Cp at 300°F from Table A-2)E 
and Ms440l Ibjibmoi from Table А-ГЕ 


- In 860 
- (44.0; 0.299) in BEE - 1-986 In 17737 
дЕ з (+00 а) co É 4 (4) 


&-——— 


z {.571 B tu/lomol- °R 


With Cp at 500°F re Table A-29E. 
and Ms 28.02 1/ ibmol from Tabie A-IE 

=. eo d (e 
AS = (28.02) (0.254) In Ly ~1986 Iw 2. uu 


= - 3.2255 Btu//bmol-R 


f. constant Cp value os Evaluated from Table A-20 at the average tempera tine. Alter- 


nohvely, the arithmenc aqvevage « H. Ср values at ths furo end States Can he used, 
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PROBLEM 6.26 ( Contd.) 


IT Code 


ра1 = 1 // atm 

ра2 = 1 

Та1 = 500 //°R 

Та2 = 860 

sa1 = $ ТР("Аіг", Та1, pat) 
sa2 = 5_ ТР("Аіг", Ta2, pa2) 
dels а = sa2 - sa1 





pb1 = 20 / 14.696 // atm 
pb2 = 60 / 14.696 

Tb1 = 560 

Tb2 = 760 

sb1 = s_TP("Air", Tb1, pb1) 
sb2 = $ ТР("Аіг", Tb2, pb2) 
dels_b = sb2 - sb1 


pc1 = 1 

рс2 = 3 

Тс1 = 500 

Tc2 = 960 

sc1-s TP("CO2", Tc1, pc1) 
5с2 = $ ТР("СО2", Tc2, pc2) 
dels c = sc2 - sc1 


Td1 = 660 

Td2 = 860 

vd1 = 20 * 44.01 //ft/Ibmol 
vd2 = 15 * 44.01 

vd1 = v_TP("CO2",Td1,pd1) 
vd2 = v TP("CO2",Td2,pd2) 
sd1=s_TP("CO2", Td1, pd1) 
542 = $ TP('CO2", Td2, pd2) 
dels d = sd2 - sd1 


ре1 = 2 

ре2 = 1 

Те1 = 1260 

Те2 = 660 

se1-s TP("N2", Te1, pe1) 
se2 = s_TP("N2", Te2, pe2) 
dels е = se2 - е1 
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PROBLEM 62+ 


| FIND: Determine the indicated property for a process where 5. = 5]. 





(&.) Water. Р, = 14.7 lof /ги“, Тү 500^F, Pa = 1O0 lb£/in®. Find T. 


106 lbf Jina 
2 From Table А- 4E , 6,2 1.9263 Btu//b-°R | 
. ۰ ` 8 * Z 
T 14.7 lf /in® Tntevpolatng with SSS; w Table A-4& at 100 lo f/ n" 
| тъ = 1017 OF » 


5 





() Water. Ty = 10°C, x, 0.75. Satrated vaporat state2. Find Pz. 


ГА). һ Using data from Table А-2. 


т 2 А S= Sp+X,(Sg-Sp) = 0.1510 + 0.75(2.3009- 0.1510) 
= 6.71335 к/к. К 


(6) 
i Then, inter polalin4 with S,—$, in Table A-3, Bs 6,841bor , «4 — 





(cy Air as an г deal gas, T, = 300K (27°C), P, =1.5 bar jT: 400 C127 °C) . Fraud Pp. 





Since $42$,, Eq. 6.2.5 о. Qp v es 


In Pa - 3°(Tr)-8°CT) 
Р! R 
with $° data frown Table А - 202. 


In Po > 1.4944 1:70 203 
(3.314/ 28.97) 


n 
сс) 
= а. 2.746 => р: 4.19 раг ML 
{ 


U) Абе оз an ideal gas, T, = 560°R( 100°F), pz Satin; Р. = 2am . Find Т. 
Since S22S,, Eq4. 6.214. gives 
scm) = sect) а R's 5 
With s9 at т from Table A-22E 


s? C$): 0.609504 19186 А, = с 6.5291 G+ / Ib. op. 
28.97 3 (d) 


Tnterpolahng with s") ru Table A-22E , 7 = 498.7°R (39°F), 4—— — 





(еу RIi34o.. Түс 20°C, Р >Sb4r, P ai bar, Find vy 








Sbar Кролл. Tob А-1. , 5; > о. 220 4 3| кеек | 

Gf wee Tan , with datn ии Tob A-U and Si= 5S, 

ža = О, 424 4 — О. 067F ~ 0,985 

* boar 0.43ay - 0.0676 
And 
V4 - VE + мъ CV4- Ve) 
a = 0.7238 фое [ 0.117 - 0738 
(03 408 
= 0.18% wies (e. ) 
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PROGLEH 0.27 (Contd. ) 


IT Code 

/* (a) Water 

р1 = 14.7 // Ibf/in.? 

T1 = 500 //°F 

p2 = 100 

s1=s PT("Water/Steam", p1, T1) 
s2=s PT("Water/Steam", p2, T2) 
52 = 51 


(b) Water 

T1210 //^C 

x120.75 

x2 = 1 

p1 = Psat T("Water/Steam", T1) 

51 = ssat_Px("Water/Steam", p1, x1) 
52 = ssat_Px("Water/Steam", p2, x2) 
52 = 81 


(c) Air 

T1227 //*C 

р1 = 1.5 //bar 

Т2 = 127 

51 = $ TP(^Air', T1, p1) 
52 =s TP('Air', T2, p2) 
52 = 51 


(а) Air 

Т1 = 100 // °F 

p1 = 3 // atm 

р2 = 2 

51 = $ TP('Air", T1, p1) 
52 = 5 IP('Air", T2, p2) 
52 = 81 


(е) К-134а 
"J 


T1=20 //*C 

p1=5 //bar 

p2= 1 

s1=s PT("R134A", p1, T1) 
х2 = x SP("R134A", s2, p2) 
v2 = vsat Px("R134A", p2, x2) 
52 = s1 


ІТ Results 


(а) s = 1.926Btu/Ib^R; Т; = 1016°F 

(р) 5= 6.712 kJ/kg:K; р» = 6.903 bar 

(с) р;= 4.117 bar 

(d) Т; = 38.75°F 

(е) s = 0.9264 kJ/kg-K; x; = 0.985, v; = 0.1888 m?/kg 
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PROBLEM 6.28 


KNOWN: One. و‎ of о, uadergoes o. process between spec: fied states. 


FIND: Using three methods , determine. the Change ѓи spect entropy : (a) E£9.6.1q 
with Cp from Table A-~2.{ , Cb) Eq. 6.21b with F° {rou Table A-23 d) E9. 6.13 


with Cp at 400 K from Table A720; Ce) using TT. 
SCHEMATIC Û GIVEN DATA: 


Zbar 
ә |S bar 


IS оок 





$ 


ASSUMPTION: The tystem conusi'seds of one K 9 of O, ر‎ wlureh behave: as аи (deal gas. 
(a) Using Eq. 6.14 
T2. 
52-5, = | СРС) ат Ran Pa 
т 
* d 
Table А-2] gives 


Le = «+ BT HET HST ЕТ 
R 
w laa, for Q4. 


~ | -6 Ll 
X = P626,($z-L978 x), Үз 1056 A0 , $5 -G-164XI6 I €22456x/0777 


Thus 

T ? 4 as ы 
| (х + GT+ хте 57+ €T )4т R («ат +BT+ Yt ST 4 єт?) 
7i 


zj» 


т 
СРС T > 
j Te 
" 





= Bait fa. In 1500 „ 1.878 - 7.086 (169°. foo) - 6.164 52-5327)» 2.156 (i500 °) | 
32 26 In 222 = oS (ste 300) + Lost (59 #5) ot C 470%) 
= 1.657 kJ]|ka.K 
Finaily 
Stes > T CdtT—-Rin % = |. 657 - 8:114 ay = 1.7317 Krg 6 -4———— ——— 
т T Р, 32 2 


(b) Using Ед. G.2lb with 3° from Table A-23 


2. 


—M M 
. 25$7.468- 205.213- 9.314 Ал 5/2. z 1723S KI kq- K — 
372. 
Є) Using E +. 6.23 wrth Cp at 400 kK fro Table A-2O 
$a-$, 2 Cp de Æ R da Pe 
z — کد سد‎ wt dn сў = 1. 8033 кЗ/ко. K аг 
(d) | EM 
IT Code 
112300//K s1 =s ТР("О2" T1, p1) 
p1 = 2 // bar s2 = s_TP("O2", T2, p2) 
[221500 //K dels = $2 - $1 
p2 = 1.5 // bar 
IT Result 


As = 1.724 kJ/kg- K 
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< 
PROBLEM 62% ..- 
KNOWN. ive kilograms ch ammonia undergo а ѕрес‹ С.е (2rocess. 
FIND} Determine the entropy Change f the process rs Ca) irreversible, Cb) internally 
revevs: ble. 
SCHEMATIC Y GIVEN PATA: 


d ct & bar 
^ L7 E l 5 
— TZ = (00°C 


?-0O0'C 





ASSUMPTION: The System Consists of S &g cf water 


ANMALTSIS E Since en th epy (S a properta 5 t+ he. Change "P entropy be hvee u 
the two states /S the Same regard 00355 of the Aa ture of 4 he process: 


S x Tie Aus? SASS T 
S. J Table A—IS: 0.1047 kd 


к<, K 
“Thus 
4S = 3a -S, = (0. 1007- S75 45. ) £I =—S 044g ¿I 
KS. IC ES. K 
and Gr Live C4 
| "UU : 
AS = (Seq) (“S048 ЕЗ, ) = -28, 224 EJ Р 








— — — 





PROBLEM G.30 
KNOWN: Water undergoes e Process from a Liquid state at Зоос, SM Pa to Sat. 1.4. at 40%. 
Fined: De terree Ths Change WA specht entropy Ur 4 four alternative methods, 


ANALTSIS: (4) Tables А-1 and A-S. S: 1-OF20 cD eg‘) 5, = 0.5725, As = - 0 49945 ку[кд К. 


(p) Sat- Liq. dete. Fran Та А-2. S УСТ} = 10759 eales: K , 5, (as above) ر‎ 


AS*- o.So28 «9|69 K. 
(c) Tncomprussible liquid modat wrth c= 418 = fre Table А-(& (at Tave) ` wrth EG. G24 


Te 5 446.52 Qu 38 . 9 562.7 KX[ ES. К 
Ae eee re 53° TO 


id) /TCode 


Т1 = 80 // °С 
p1 = 50 //bar = 5 MPa 
12240 / °С 
х2 = 0 

IT Results 
s1=s PT("Water/Steam", p1, T1) 
p2 = Psat T("Water/Steam", T2) Sı = 1.077 
52 = ssat Px("Water/Steam", p2, х2) $2 = 0.5711 
dels = s2 - s1 | _ AS = -0.506 


|. As noted w the Methodology Update on p. 244, TT returns liquid entropy data. 
Using E4. Gt. | 
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= 
PROBLEM 6.21 


known: О, as (bm ol oF Nyyader goes 2 speeds between — states, 


| FIND: Determine fa) the heat "F and Сю) the change rn entropy. 
SCHEMATIC È GIVEN DATA: 





e ISO bt /i 
= 20 / 1n 
= 500 OR 





т ج‎ & 
> ъ=, 


i 
4 
: T 


Ly 


— Btu 


+ 


ASSUMPTIONS: (1) The ту Stem consists ef Чие СО whieh hehaves as an ideal gas. 
2) There аге No changes in Kinetic and poten tial e nergy between the two end States 


- ANALYSIS: ta) Wiin assumph' om 2 jan energy balance gives 


Q = WaT 
= Wet | u-u] 


Ww X doda Lrom Table A-273 € Q 
= = SOO Bru (0.ts les) (39757-24143) в] = 125.84 Btu — ———- 


(o) мем Eg. loti and 5° dala Crom Table 4-23 Е 
AS = n [E (ә-&(тд-@ i (8 /o)] = 0.25 (UR. Sat 45.240 – 1.40 tu (0 /20)] 
BS 


ا کڪ“ ?9 / We‏ 0,1014 - = 





PROBLEM 6°32 
Known: Cha c Cow ported Ron. 248k, | bar to te pevotore T) 2 bar in 


o procass fr which $у=$, 
Fri»: De је лилла ма T. 


SCHEMATIC 261/60 DATA: ASSUMPTION: CHa vs Wwedeled ao an (dant gas. 


(Т) ANALYSIS Using тт 





IT code 

Т1 = 298 //K 
p1 = 1 // bar 
p2 = 2 //bar 


s1 = s_TP("CH4", T1, p1) 
s2 = s_TP("CH4", T2, p2) 


S2 = 51 
IT Result 
Т, = 348.7 К чс — —— —— 


l. Alterna byely ر‎ Using E4.6.1á vat te Cp Cr] fre Toda A-z 


— r - R R3 
(xd Te ФТ т tage ert] , ES ) 


Using An L уо im wlver , Such a TT, pas ед nd: Can loe. Solved Loy T. 


C-36 


PROBLEM 6.33 


KNOWN: A quantity of arr underg oes a thermodynamic cycle Consisting of 
three processes. 


FIND.: Evalvate +hne change in entropy for each process and sk еси +he 
cycle on р-у coerdrnates. 


3 pec 2 
Yo c T 
А 
3 
1 


v $ 

ASSUMPTIONS: (1) As shown in the accompanying Figure, the system consists of 
the quantity of arc , (2) The air behaves as an ideal gas with Cp = 1 кУ/[ка. К. 
ANALYSIS, The entropy Changes can be evaluated Using Eqs. 6.272. аис 6.23, First, 
Some preliminary results are calculated, Using the deal gas e4 va h'on of 
state. 


B Р Couxioe N/m? ouem?) . age Ke 
mR Caz xo Ekg ESI. Кел 


2941 FOF 


“SCHEMATIC £ GIVEN DATA: 


=m ¢ 
| Air | Ез 
t 
- — b lh p 





0, = O.1 M fa. 
Мүк 0.02 € 
Р, = О. 42. M R. 


yn 2 4.42007 X9 











AMO, Since "NL, SW 





PV =m RT; \ > т, = A =( 0.42 )(288) = 1210 К 
PVs м RT Fi 0.160 
With Eq, 3.44 
; — KJ K 
= cp- Re 1x3 . #34 E> د‎ 0.7/3 2 
— кек — 2841 KB -K 
Process 1-2: With = , Eq. 6.22. reduces so 
12.10 
& <, = м су In È = ©.024к9 0.113 kz) m 298 
ко "n i: 5,-S 
| 279, 
s 0,0045. жайы هھ‎ —— — 


Process 2-3: With р = Py (4.60.22. redwces $6 


ё T a Cp dn D. 
S,-S, = м. Ср I 2. = m Ср T 


Ы кз Nin 288 
= ‚© — и — t 
= (0.0249) Se) 1210 


5..5 
220.0344 «З/КҚ م‎ > 


Process 8-1) Since T, 2 T, , Eq. 6.25 anduces 50 


S. c 2 им В Дл й амл ВЛА È 
Е | аА ©. ] 
=-(o.024)/ 83:2 \ 1и 9 

(o.024)(. za) A J 

= 0.0049 —— 9 
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PROBLEM 6.34 


KNOWN: One kg of water оп der 9 oes an isothermal Process between +we Specified States, 
FIND: 


— DBG — 


Dedermine the heat transfer and the work. Sketch the Process on р-у and 
T-€ coordinate: 


SCHEMATIC $ GIVEN DATA: 
(bo “CC 








— ar b- | مه‎ 


$ b 
ASSUMPTIONS: CI) Ax shown ги the 


aC Company ‘19 fig ure; FAR Sy¥stenr Consists of 
one ка of water. (2) The ‘Compression Hates place iSothermatly and without fudervnal 


ieceverss br | Wer. (3) There `5 ио change ѓи кале ће or potentral еле "34 between + he. 
end states. 


ANALYSIS: Using assumption 2, €4.6.15 becomes | 


Q = (Tas > m TLs.-S, J 


Then, with dota Crow Tables А-2 and А-+ 


RQ = (1 кф 433 K)(1-94.27-7-4065) EL. -234/.g&J -—— —— © 


Tha vA gni d e 4, He heat transfer is represented ba area, 1-2-0 - -1 on 
х T-s c^ о а гол. 


Tha — y. balance aa duces to give W = С - (9. -U,). Gof th data 
TA A-2 and A- 4 


Ws -2891- P – (1g) [60 ge osa] ES = - 41.56 «—— 


А layna Кее (4, N= م‎ dV. The hang ды fud + (te Worl. о At paeen ted "4 
Oven i-2-a-b-l on the р-м diagram, 
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PROBLEM 6.35" 


KNOWN?! Two lb of Water Underag an tSothermeat process. 
Finds Deternune tha heat transfer and +he work Catch ш Е < 


SCHEMATIC E GIVEN DATA: 2000 ШЕЛ м 


ЫЫ 
= у 








ASSUMPTIONS: (1) As shown in the accompanying Figure, the System consists of 
2 we of water. (2) The < process . takes place 'Sethev mally and without interne) 
wreversibr |, hes, (3) There ‚ғ no 


change ім Kinetic or potential energy 
between +e end states. | 


ANALYSIS: Using assumph'on 2) Es. 6.25 becomes 
Qs (Tas = mT(s.-5) 
wien dota Leen Table A-7E at 200°F 
S = Sg Xj (Sg-5,) = 0. 2940 + 0710 (11702 0,2840) = |, зу Әр. 
Fees Table A-SE, = 0.29 1з. ВМ. / he 
5° = (20) (GUO°R) (0 закл 43314) BX кет = (518,1 Btu — 
Aw energy balance reduces Lo give 
W = Q- ~~ (u. 


Witn dale Crom Table А-2 Є at 200°C 
a, = Up t K (uq- Ac) = 16.04 +0.70 (1019.2 - lot, 04) =802 3S Btu ЛЬ 


and Lom Table A-SE, иу = lGU.44 Ru. / |b 


Со = ~ (372,17 = (166.44 ~ 802, х5 ) 
w 


= -01.9 QW =e OOOO 
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PROBLEM 6.36 


KNOWN: Air undergoes an internally reversible procese between two speerfied States, 
EMD: For each of three Cases, determing филе heat transfer and the work, per unit 


of mass, and show the process on р-у and T-S Coordinates. 
P = too tot /in® 






SCHEMATIC © GIVEN DATA: 
B45 lbt/in® 


с. 345 mel 








р, 2:00 Ibf/in* 
р = 45 tef lin 
T, = 500°Р 





۷ 


ASSUMPTIONS: UT he system Consists of arr which behaves as an ‘deal gas. (Z)Each 


process rs internally reversible . (3) There is no change rn fernehta or potential 
energy between the end states, 
ARAL (CA) TEDE process. WU AES pen (9), Ере ш aS е applicable: 


Then, مه‎ tempera ture is Cons tant 
t 
Q = }таѕ > m T(s.-S,) 
With Eq. @2fa, and wan M. i т 
Q= үл. Т (зъ- 53:1) түңТ | -R in Ea ) 
3 

Ее (e.450) lb )( a co*R)(- E388 Btu ) In #8 = +525484. 

= > 28.97 Ib - eR. 100 
Since interna! energy depends On te m pera ture alone for an ‘deal gas, 
ATO because T= T2. Thus, an energy balance reduces with assumphon3 W 
to give Wz 09) :=2+525.2 Btu. 4— 
Since бао лс, Q = О. Then, an energy balance giver — 


¢ 


(ve) Adkabate Process. 
W =-we (42-4, ) 


This requires that state 2 be fixed. However, as the Paccess ù adiabat'c and inter- 


we Li reversible, it n an csentropie process, зо 3, 28$, ° E4. 6.21 о. gives 
S(T.) = 5°(Т) + R In г: 
3 


With data frown Table А29 5 


$°(Te ) = 0.7 + 986 lm 45 = o, из = 131-36 Blu //b 
>) 40m + IS T 0.68556 = Ua: 131.36 Btu/ 


At Т4ь0°К, U= 165.26 Bihl, Finally, with mon ME 4.49 © 5 W 
W t= (444) (131.36 165.26) 2638872. BM NS 


— ا 


(Су Constant volume process. Since volume гт constant, М = О. Then, an energy 7 


Balante gives бус m (u4-u, ). ‘To find Ur, first determine Tr vitng the deal 


qas equo dt of state 
AVERT Ta Te ($) ° aeo( 45) = 432°R 





PV = RE Tz 
Then, from Table A-225 U 7 73.57 Bh//b ) and 
Q= aa бз. =7- тето) =-916 Bh à 


6-40 


PROBLEM G,3¢ 


KNOWN: A gas expands ' from a speerfied invhal State Ba Specified final pressure 


isothermoll and without internal trrevers: Ье $. 
FIND: Determine the heat transfer and Work, per unit of mass, for cay RIB4a (юу Air 


as an ideal gas. 
R=l4bar 
Р, 2.8 bar 
т 27 8 


SCHE MATIC ғ GIVEN DATA: 
— —— e Ú e i — — —ñ — — — 








T= 235 к (60%) 


$ 


ASSUMPTIONS: (') As shown in the Accompanying figure, the system гз the gas. (2) The 
Cxpansrcm takes place fsotherwatl, and without inderne? irreversibsli hes. C3) There 
= Wo change in Kec or potential energy between the end states, (4) Arre rs 
modeled as an ideal gas. 


ANALYSIS" Using assumptron 2; Ее. 0. 25 becomes 
2. 
= f TdS = mT(s,-S,) => Ôm = Tl, -s,) 
t 
With astumption 2 , an energy balance gives 
Ws @-AU => Wim = Gím- (шшщ) 
c) Ё\З4а„. Tade A-122 Up = Leri? EDs, s 0.297 kOl Eo E, ys 277. 23, 
5,714014 KIjES K. 
& 
2 333K (41079-09297) E2 = 51: 34 ЕЗ Sn 


=? Gu. = 
Was 59-34 - ( 29121 - 26217) 7 FA 28 КОЛ; 
NE 


— M 


ty Asa qd 
(b) AIR. У мс T= a 6.210, Amy cts 


эч Е 28 = +0.4613¢ КУ 
52-5 = — dn yp = dug = 2 м. 


Q fn 





An À 





QA, = (Сез \(о tol ) Şi 


< EE CU depts مل حه‎ ру Оол مله‎ fo on A Sud 940, 
AUVO loecatrar T = T. 21.2 — 7 Arrant toe qe 


Кы us, = Gs. у, ) 


ә 
G/m = IY3 8l — = P^ 


— 
— 
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PRoBLEM G.38 


KNOWN, A gas expand S from a =ресг {е iartial state do a speci fred 


final pressure ad'abat' cally and without interna! frrevers/b (Wes. 
LO M Datermine the work, per ои of MAASS, for (а) R 1342, (b) arr as an 
adea i gas. 


SCHEMATIC Y GIVEN DATA: 





v sS 

ASSUMPTIONS: Су AS Shown in the accompany ing fg vre) the system IS the 
qas . (2) The expansion . tokes place агаа їг cally and without interna l 
wreversibrli tres B)here is ne change fin krinehe or potentral energy be fween 
the end states. (4) Arr rs modeled as аи c deal gas. 

ANALYSIS: Since the process is both adiabate and internally reversi ble, 
it ds isentropre (Sec: 6.4), This together with the specified final pressure 
fixes state 2. With assumption 3, an energy balance for the adrabahe 


process reduces to give We -wm (42-41) or W/m 3 ~ (42-4), 


co) RIB4Q,. Table A-(2: uye 2ORIFET ES | 5, = E i 
$,2S, and dab fran Tabla ALI at 2. PAT, interpolation 4 i viag 


Ug = 229.82. ke Tikes. fw ark, | | Е 
Баз co 19995 199 аа 
ur = = ( uen ) = 2 


> t 


Ww) AIR. WI Sis Sj, Eq Lla анара TO 


lna) = S(T) + RA PP, 


wi 5°СТ,) be v Table A-A 


. L9068S + BBA, گے‎ = |. 5457 
SUT2\ > ^8 357417 y 


Using dts value | tar pool «cde ul TA A-22 73 ua. 
Also, Mu, = 237. 9k75. А watt 


— e e) U/kg سب‎ 
= _ (149-8 - 33723) = $k [ka 


- 149.8 кы. 


Co) 


-— 
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PROBLEM G.29 


KNOWN ө, Yo of hel rum- is compressed from a speevrfved initial state to o. 
speci fred final pressure, witheut revevers: bilities. 


FIND: Determine the work and the Change ѓм entropy (£ the process (s (a) isothermal, 
сь) poly fre prc wrth и = /. 3 ) Ce) advabatic. 


SCHEMA TIC ⸗ GIVEN! DATA. 





с» m 
6.1160 Lus 


Helium i5 





v 
S 
ASSUMPTIONS: (I) As Shown in + ^e accompany rng figure, the System 's the gas. 
(2) The gas ts modeled ao an ideal gas. (3) The Compress son "S infernally 
vevers sible. 


ANALYSIS > to) Tsothermal. Using the <deal gas equation of state 
2. 


v 


\ 
Since The n, М /Ni 3 PP, , 39 with the molecular weight Íy um Takle А ~ (Е 


a 
Wa f pav 2 ev 2 „АТ ln У 


Ww 
4 in Р = (0, 1.98 REL ө 15 =- 49.0 Blu — — 
Wa wRT in ол) ( Xu Si) (540°R) Ines 8 


Sce T, 2h, E4.6.2la, reduces te ive 


AS 
о m In P a m M 4%. Sh | 39. = - 0 S4 — 
AS E E E d rs "rr 0:089 SR 


(b) Polytropre , и> 1.3. The process is descr. bed “ч p= С/у" where C it a conctant (Sec, 2.2.3). 
Thus, ae à: & 
we revs | Ss алав, eom) 
4 ` V len 1-и 
where in the last step the sdeal даг equation of state hat been used. T4 troduetng 
Eq. 2.56 





= 


wee REL т] e emos Bee) (а) 2] 


= ~ 45,73 Btw p 


For a mona tonse gas Such ao helium Cp/g = 2.9 (Table A-21), So E4.6.23 гє appro- 
priate for evalvatv4 As. The temperature at state 2 is obtarned Unting 
Eq. 1.56 as 317?R. Thus 


= win à. Rin РЬ ; ilb pase Bie zs i» BU in 38 
AS ~ | PC E e es ieee) 540 IS 


AS 
= - 0.037 hw. ul LL LLL 
R 
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PROBLEM (o. ъа (Contd. ) 


&) Adiabahe. As the process is both adta bat'e 
iS isentwvope ( Sec. 6. 4). Thus ASO. COMMENTER. 
Since Go cO, an energy balance reduces with 43$ 0 (^p h'on 4 fo уе 
Wz-2w(us-Uuj), Using Eq.3.44 with Срта.5 В, суз 158 . Thus 
We =m (SR) Cn- 7) 

To find Ta ) fente Ед. 6.23 uring 5.25, and Ср: 2.5 К 


and лели reversible, г 


оО = cC (мт _ in P 2.5 in Te a mR Tos 1106 °R 
diu. — = 5 2 


Finally 





WwW 
W: -b10 (S (ase Ris )(1106 °R - 540°): - 4212 В а 








PROBLEM (A07 


KNOWN: (Ma, undergoes an in meer revers ble. Compress: on between зресг [ге 


states during weh pv" = constant, where 7 (O. 
Fro: 





Determine (a) Р, усы) the work and heat transfer, Сс) the entropy change. 
SCHEMATIC É GIVEN DATA: 


pv: > УФУ 
Р | т 
(bar ) 
M 23058 


e ((0b^r 
Tis 20°C , T, WoT. 


ASSUMPTIONS: (1) As Shown ín the оссе m Pony ing figure, the system Consists 
of the M whieh ts modeled as an ideal gas. (2) The Compression iS 

in ternalty reversible and des cr: bed by PV "= constant (There is no change ih 
Kinetre or potential energy between the end states. 





v 


AVALYSIS, (a) With Eq. 5.50, 
we 


ese (EYE = (Wo bod) = 7.47 bar а ————— — ——- 


(b) Tae mass ob M presk can be oou d Using Wwe ‘deal Gas equation of slate 
RV _ (l 0x10 م‎ )(0.S va?) — 
< чур Tr ONT” > Û, < 
RT (Seat tage (a3 К) 3 
The work VS 


$3 lc 
w-Qedv «Qi dv = Bere am) Int му Gam uai) Ut) 
| wW 


Len {= У i- 1.3 
= -102,4 e I کے‎ 





иш ee anenergy balance reduces fo Q= ае Аб Evaluating 
= (0.5144 ка) (Q849 - (oe \* = ر‎ (I Aae.or) Soe ie Ку (-102, 467) 

Q 

gg ea P к= = = = == 


(c) The tah теру с Cam S e Loud w t S ? dato Crom lable A- - 0% ET (Ze. tla 
BS = a(S lT- (7) -Rin "2. (0.5749) (24.98 - - (40.998) тео, -(&& o (1. 7.47 y 


3.0 
= — 0.0010 Єў / (с. ЕРЕ 
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PReBLEM С. 41 


KNOWN: Air Undergoes two internally Teversrble processes fn serves. 


EID Sketch the processes ом P-v and T-s diagrams. Determine the temperatures 


at states 2 and 3 j and *he net work. 


SCHEMATIC £ GIVEN DATA: 





T 
P 

М,» Ту Соат) 

р = | bar 

T = 20°C | 

"hs uo С. 

Pz S ber 


s 


^ . | 
SSUMPTIONS: (1) As Shown in the accompany rang figure) the System пў the arr, 
(2) The air ss modeled as an «deat gas. (3) Each process fs 


| x: rudernally 
reversible, Process 1-2 is described by РҮ к 


Con tan? and Process 2-3 t's edvabaht. 


(4) There is no Change wm Kinetic or Potential energy between the end states of 
ei ther process, 


ANACYT 515: طط‎ Using Eg. 3-54 


Rm. (в) > n-! = hn (TIT) = pr. (323/243) zm п? 1.2 o EDEN RARETROER 
n R 4 м Me (Pol? } 22 ( 510) n 


(Ф) Since process 1-3 js adrabahe and internally reversible, ud irs isen tropre ( Sec. 6.4). 
Thus, with 552 Sz, E 4. 6.21 o. Gives 


} -L - 
Tt; ) $ CR.) + R 13.97 37 5 


T 
Where $°(Ta) is fev Table А-7) Taderpolating with 3°CTz ) in Table A-22, Tz = 242 К a3 


(d) The mass Can be dedermined Using tne ideal gas equationof state 
3) 
m= RV. (105 Nma) (Im > 1.189 kg 


RT, (3 EU S 


The wort fer process 1-2. г; 





2 2. 9.31% kJ 
W, : pev (Cc QV = РМ - РМ _ wR(T-T) CES ET) (383-298) к 
— i А v^ law ` ten d I= 42. 
> 153.55 KJ 


For process 2-3 an емесду balance reduces with assumption < to grive, Was 
-w(Uug-Uus). With data frou Table A- 22. 


Мәз=- 1.189 к (172.50 - 273.86 "S = + 120.45 KJ 


The net Work vs 


W 
е e 
WN = Wa + Na; = (181.55) + (1020.45) 2 33.1 kJ -4—— ———— 
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PROBLEM G.42. 


Known: Ол KG of Water Executes a Carnot power cycle. 
FIND: 


net work jand 


Sketch the cycle on р-у and T-s Coordinates, Determine the heat added, 
thermal effrerency, 


SCHEMATIC Ў GIVEN DATA: 
——————— MH —À—Ü 





ASSUMPTION: The 


Sy Stem Shown in tne accompanying figure executes a Carnot eyele 


ANALYSIS) Since each process is internally reversible, £4. 6.14 is applicable. 
2 
t 
4. с 
Qua = | [48s m Bcsa-81) = - hai) 
3 


©, © Qai z= О 


Бе аку cycte Weyete € Qeycle. Thus Wego © va [ T C$.) - Ту (52-9) ) or 


Weyete 3 m UT - Ts Sa “5, ) Cnet work) 


From Table A-2, S= 1.9427 k9/kg K. To fnd 92, USe the Kanu volus 
fv Xa wrt dale fee TAU A-L 


Sa = Sg awl ig -sf ) = 10427 + 0.4? (06-7702 21 3327) = © TY kT] ka. je 





v №7 . 20344 k 
Qu = (0.14) 433 K) (6:684 - 1-4 41+) e. 203.49 ET 
We oka = (о 1) 140)( “СУЧ -L43») > OSI EJ 
ر‎ wem „ 6x À 20.323 (32.7%) 
(0) j OL 203.99 











T Al {erna hve , مسد‎ VS Cg cS 


Vitis © l- = = (= 243 . 0.323 


C- 4L 


PROBLEM б. 43^ 


KNOWNS Data is provided for / (6 of air Undergerng a Carnot 
Dower eyele. 
Fio? De ја rae 


Ca) ths pressures ot +t aud Of caa. соф lar ил o eeu Tin, 
о. dA elo hc. ep antica, an d ıgothr ured Co wpuss on 
Cb) Ha nat wot j acu сс) th Haret fence 
SCHEMATIC T GIVEN DATA? ГА 
(2.00 66/19” A 





Qia: 40.0 Rey 


ASSUMPTIONS: Cl) The system ic the | (b 
as an draet gas. 


of ain, (2) The air is modeled 
C3) Tha System Undemoes a Carnet power Cycle ‘ 
AMALTSIS (OAs discussed rn Sec. 0.4 у for Process 1-2 Сда = va Th CS.-S,). And 








fec an idast gas at f xed V pere tar s, , Ea. OZS Aasu ccs to read S2 -5 =-R 4a FR p. 
Combining Huar Qia = —mRTy QL P/P. Solving 
La Pra — &e _ — Чо.О Btu 
P. м Ты (AM Biu о 
" (0%) EET —A R) 
qo sn Р [Р = 0.6444 J Ру = $33.3 (SC fine 


En 
For process 2-3 aud date fra Tobe A-22 E 


O= S ln- S$°CR)-—-R LW 5 => лг. їз 


сост} 96%) 0.58253 `> 9 
qn La Вуз = -Ҷ,215?, Ps (Р, = 0,014 11 


R. (U > A) 
] Ра = 02,31 Те йе ا‎ & 
Sive, Ly process 4 | | Р, 
Ae f = %°СЪ)- SCTa) = 9,2452 ) a= 07.108 ; Ра = (7.72 Йи mq 
P4 R 
сю) For any ٥+ مک‎ р Wretr = YL in eens | YA Co vre! pore ds b TIMA wet Qin = 0,2. 
500 _ W nat 
— Wret = [| = — 40,0 Вкл 7271, S Btu — ——— — — — 
— — c YU 
9.6815 (©. 15 A —————=——— —— 
Alternatively W net = 


Q net = Qia + © 5 4. Fran an li — balano, SIAN Ce 
T Con stank, Qaa = 34 j Gba 





4 4 е о 
= Jules. wR Mu S а ЕТ 
34 auf pay — |, morus шы Т 7 — 
L aRU Q.NY _ _ 
= (o (Se )(5оо) la (2:3) = -12.5 Btu 


So Q Wet = 40.0 = (2 S 22055 бы, Gud Wnet = 21. S Btu 
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PROBLEM 6.44 





KNOWN: Aur Undergoes three internally reversible processes in Serres between 
specified states. 
FIND: Sketch tHe processes mn р-у and TFS Coordinates · Dekruwne 
the temperature at -stokt 3. Also find ta net work per бй mass. 
and XR fharmos EQ eren | 
1 
SCHEMATIC = GIVEN DATA: 
—M——À———— rJ M MM a! 
poete болм 
| | Р T 
Р, = late 
Ti z-¥o°F 
latm 
ү ч 
ASSUMPTIONS: Q) Аз shown 


Arr. (2) The air 


in the ассо рола 
reversible . (<) 


Veodafad ао an (desl gas 7‏ م 
Thare vo ^e change‏ 


Figure, the Systm is the 


(3) Each process is internal! 


in Eruehc or poten t'at energy fer e ther of 
AWALITSIC As 


Process l-2 is 


Ow {сеи го pre process ( Sec.6.4 ) 


e.c eda he and ater a Ti 
dato Kom Table A-226 ) 


reversible, (2 
Sas S,. Thuas — G.216 aa doces to give wit 


Sr) = SCT) + R Дх _ о. stosg + Lak La B= 0.6881 8/16. PR 
Р, ш в 


t 
Thus, Table &-22€ gives T= TOOK, Ug = (24.43 Bt. /[b < ABa, 4 = 76 $2 Gh. lb. 
Therefore , Win ca. be evaluated using an Energy lo eLa nca : 


Win = Oe (4-4) = = ( 129.99 - 71.52) Rh«[lb = — 58.5 Rtu//p 
крт wA 


SS cA. process 2-3 يى‎ |S әу и ر‎ з ә т6о°(. — ls 
Be ندا‎ 3 


3 
RT الاجم‎ = RTM fe 
“25 4 (её Б | Soc Uz 

ws 2- 





T 


Т. Powis ЁТ œ~ Vi, fa 
۴ >= ЕТ; Uy ~ Pe 
= 4% 
= (ае (тео) ha (ә) 


+ [O8.2BM/b 


1] 


Sh ¢ 


PeoguEMA 6:44 C Contd. ) 


X 


Sine ece: f 2-1 ы ek Coustrat praam 
\ 
Муз . = ‚юш = Р({Т-Т 
Mi s — PCR -63) 7) 


128.47 16: 2 


The vet w orle в than, 


0 Weyde ے‎ Wir 4 Wes + U23! = 68.5 4108.3 — 23.3 - 
— — — سے‎ NN 
~ S u = 26.5 Bt€4lb E ENERO р ДЫЙ 


` ‘ - law 
By rhs peche of iu, T-S dk ^< ame, (45179 Eg. А 20 — 
Conclwded Xe ود‎ <0 (ем берчу increas) and Mz, <O (en verts 
de eyes ) 4 Q6 , Ao іда v ad do town dee tthe Cy Cha ce ەە‎ 
durin 4 proce ss L-3- 
J 
Qo. тау = Tr- 52) 
ww v 
= T ( ST) - PT) = R Le Р/Р) 
— — — 
= о 
ът) 


56 Bre 4. 
- -*eo*R( — Lo. oft Jn 8 


= lo 8۰ 3 BY /lb 


A nata, Ane Соз vert A nen *ч t2 


N“ 
Y\ = “Јаде ол _ 26-3 . бо (24.5%) s 


s/w lo &. 3 





E Aiternahvely | Q cqcle = Weycle ر‎ when 
@Qeqele = Kir + Qui + 31 


Ani @neryy о Дд ^ tA Asso جف‎ ty en ve Qz > U, -43 + )م‎ -\), 
or 


Qi: Wha: 100.32 - 1€2.062 -EL TC Brio. 
“Then , E Q3 / m delevnunsd etno We v^ 


٤ ds - 10&3— € 167 thy Вр. //6- 
www checki hs volver Aves hare fay Uey che /m | 


&-% 


PROBLEM 6.45 


KNOWN. Air as an desk gas 
meena lle reversible Preocwsses. 
frond. Siceten +he cycle m p-v end T~ £ coordina tes. 
T, and the +tharwet affrarenty 
ScHEeMmATIC & GIVEN DATA: 


undergoes a cycle сол hg of tuye- 


De perian $e wperatave 
oy сое fpr ent of performante , as ap propriate, 


(0.15 ba 
ASSUMPTIONS: 1. AS Shown 
I bar in the Sehamate, Hee 
| Sy Sten, is the air. 2. Airc 
tg ило 4е[ес og an idest 
Yas. 3. All фреосозге are 
internally leveri. ble. 
4. Кле сфро+ег t ok 
ner; Changes Can 
bhe (4 noved. 


Than, with Es. 





ү 


А5505: (0) To hund Ti i consider proce 55 2-3 ر‎ which laas 522S}. 
G.Lla and data fran Table А-ы ant woting that Т Te 


cy є — 
e$) *$ 5) -Q з, z2.80q -(x t (EE) = лар 7 USK T, 


(4) Study of the areas under ja processes ол Хуа. р-у diagram uda cs det thats thare 
D a net Work input Aoquitce tO. Accordinyl, | Hue cycle Can be a Ve fige vah m 
cycle hub wot o power cycl@. Study of fun areas Unde thi process es pHa 
Ts doqram suggest thea peocess 1-2 involve! a honat addi tion (е той 


iucveayes) and process 3-1 volves a heat дә jection (е^ ме p decreases). Thus, 
(D @ = Re ر‎ Whew Weycle 2 Wua Way A Wa, Al ive uet) 
lWeyeel Qia 
-= =. 4 © . Then = — — . 
ey عل‎ Q c4cte Qi + з з! 7 3 [9 + az 


Using Eq Слога E9. Cia 
[^ 
Qu. | Tas- TlSa-5) = т[ <) - 7, ) - i ]* +RT dan Be 
W^. l =O Since &.51 шр 
(Seat )(32e) ln (425 


TH const - 
12,50 kT/kg 
Ал ел Фу Yaalauce for реа; 3-4 Agads: &,-us ) = Qui . Wat ر‎ wher -e 
yv han 
\ 
сэз! EL PCV, cuj. TA EL. ,سا‎ muz) e ول ںی )م‎ ( , eot e A 


ril 


1) 


v^ 


la mwr Hen conet a Q3 lh shy, Withdate free. Teta A- 22 
Rat = 322.33- SSH =-ЁМЧ[ ° Finailg, Qeacle = (a soje (re4) = -534162 


(12.50 


/5 
2 ج‎ l"————————————Á— € BEA 
б 53,01 5,20 


1. From the Ассо Сол of бес. 2.60.3 recatl thar P алдо гер t~ vat Work nto 
tho ryctem to aclieve +e efrigerahim affect. Thies, IWeuctel ف‎ 
used. here. 


PROBLEM G.46 


KN OWA: Ас as an ideal gas undersoes a ¢y¢cle consishns of thre e 
internally fevers: ble processes, 
Fin DP: Sketen t cycle on p-v, T-S Coordinates, de Hec Tz j and 9valua te 


To T^g rA o “тесекке or coeff cent af per fora. , as appropriate, 


SCHEMATIC $ GIVEN DATA: > 
3 
c 
Н н 4* l 
Sace + 
in® 2 
2 ) | 


$ 





v 
ASSUMPTIONS: Ci) As Shown in the ACCOmpany ing figure , the System i's the air, 


(2) The air s modeled as an deal gas. (3) All processes are internally rev- 
ersible. (4) There rs no change ѓи kinetic or potential energy between States 1,2,3, 





ANALYSIS: As +he processes Occur in a clockwise sense, the cycle would be 
on power cycle. The heat added Can be evaluated Using An energy ba lance 


with assumphon 4 


0 
95. Us -ur ч Mia > Ma- G2 с) 
v^ m 


Similarly the heat reseched ts 
а. 


Qu 2 ,اہ ےا‎ + кы z UU, + у” * Uq-4, 4 P(Va-V,) = - ho- -h, (2) 
m 


To evaluate +0056 requires Ту. Since process 2-3 fs at Constant volume , t^ 
adeal qas eguak on of state giver Fe /P, = T/T . Also, wrth $3 = Se, Є+.6.? a 


Giver wrth Pis P 


O» SCR) —s*(T%) -R In б/р =p о = сес )-s*C ) -R M Руд 
Combining these results, and usins datan (fre able A -22G 
م‎ — 0-6339S- 9: ©0078 > Tr = 3 $2. 2. eR. 
(1.986 (28.94%) | 
Using — with. dato dew. Table А -22 6 


In A 


uno 41.2ё— (29.06 = ~ 3? 2€ Bhul lb 
O23 = чу-чу = 105.98 - eg.og« 40.3 8l-/l5 , qu. > 2€ 


ЕК (3236) + (40.9) . 0072 (+2%) 
DE uir a — 


|. For the cyu 5 Weyele = Meycie ر‎ whan босч сіе = vu + Sey 4 б? у. Ал 
energy halana qv W3//m > (Аз - 04|, Also, — سے‎ [рч = рСчъ 0) y Wain 
Com 4-2 “с passted TL IE i موف‎ Q 2٩ Ue hen of vanes aN مەه‎ Wu. RTL-T ). 


e + i 486 g2 B^ lb 
чэ! - (05.98 - а42.оЧ= 13.7 Wie LI -l - So) 2 -!O 
= teats и 985 (ЗЕ? ) 


So, ече ух (32M — 10.41 = 2. — ر‎ Чо бе a et wida А votre 4 


Acycea/m, as ex pected. 
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TeoBLEN G.4F 


KNOWN. The Schamahe and ee State. operating date оге provided for о- 
Vapor power pl ant . 

FIND: (a) „ketch the cycle on T-S Coordinates , Co) determine tha tharw 

о fH e uc and compare with tha theruok efficiency ofa Carnet cycle 


Opere tng be hvein fhe Same UO MUM and Wud v Cit. leva pe ra eres. 
SCHEMATIC в GIVEN DATA: 





lo bar 
T 


Тм IN 











— — — 





< 


ASSUMPTIONS: (1) The Overall sy Stew shown in the Figure and taus each 


Component is at Stes stata. (2) The only Sighi fi aut heat trans fers 
occur with thr 4e 


reservoirs. (3) Кие he and ро еи о euersy effects Сал 
lag Cawored. (3) Tha Marranum And Илии ои tenperatires Correspond, 


respechuele , to 4t з To ra b m Rune ra tunes at CO bars УШР loar 


AUALTSIS: Tua Haet effuency i 


ү} = Wnet "m x 

Qu H 
Tes Wat hansha- rates ore found by Anda) сма Wesf and ensrgy балоо fa~ 
Ane boiler aud Cda nsers à.. 4 


MORE), Qc: mCu-h) Ma 
_ шо 
а | el] 


wit data fra Ta lke A-3, hi haz 201 5.36 9/&3. Also, 


м, = he +%aChg- he) and 
h.c ha ahang). ®, Why = бага) асар) Теме 


a Е J 
h2-h3 = (о. $8 — 0.18) (23583) = loso.& к [k9 





YL 
Wet |. eTa olg (18-19) 


For a Carnot Ca che 


irm 
uns Де Oe spem (26.5% ( e ' 
l- Ы А. 


MAY = TMA i (174.44 223.15) 


— 


PROBLEM G.48 


моо м: A closed SY Stem Undar4soes > ресе wn luck Q occos at (5 


E D: For each of Severol cages) deternune wheter tha entrupy 
Chm ^ рох ve, nega hve, zero) ov ade ternuwnate, 
SCHEMATIC & GIVEN DATA: ASSOMPTION 1 Tha system Shown u. 
— TL the figure interacts ther with 
4 ч я Temper ature b its Surrounds ^4; only at А p lace. 
: Q on its боом doy where temperature 
SNS ^ IS Т. 
ae Q) 


AALT Ta tie Саза, E4۰ 6-27 — the form AS T + 07 
с) TFT, Q»0 AS= a <o 


о Ф 
AS = +f = © 
© o 
> کے‎ фр < Ò 
| 2 эд“ 
(4) с>о, <0 +) 55° & ٣ <o 
b 
(е! т>о, Q-O > AS a 070 
= + Q g~ Ta deteryunat i AS may 
Cf) ко) mem е AS = Sy к be noschve or м ејд hve 


- depending om T ^4 ^a Leve. 
© © VO уы hodat of ths ter ер AS. 


y dy 


Сю) T=%, 8 =0о 
€) 9-0, Q <0 


PROBLEM G.4? 


KNOWN: Closed systems Undergo Spec fied. Processes. 


Fin D.. For each Casey, indicate wheather os en kopy Change ү +, —,0,) or indeterminate, 


ae BETIIS, UR) — undergoing an adtahahc Proc 55. 

А&+ [EH «c з) ДЅ= 9. Smau €20,48 can he + or 0 depending 
on the nature of the process. Tade ter enda . 
(o) Nitregen heated internally revert bly . 


ZS? ( EL, e | As en tvop4 © trans fey ced еа drech on of bur az 


trans fr , + We entropy CA? о v-el inc v eased, 
(c) Ri34áa shrred advahathaaily, 
i ha utd юл entony 
AS- +o. Caen sHyrrves fates place ر‎ there wo 
С р 


prodec tion. Thin, On мо рч 


са) CO. cwoled зотиримле ii. 


_ Q note > 
© 2) А492 O° . Teen 
25 ~ (69) += => To = 


(ә o veh increase. 


(е) I dae gas vndergoins a Constant ~ рә гле Process , T3 >T; А 


Using Eq G. 2| ca), © 
ә 7. ST, Р So AAS > Ô . 
AS = s?) 8 ST) = eJ p " uf T» ) S C 2)7 9 / Tucveast. 


(£) TA— gas ùn dero ^5 a Constant- temp ara taure (rct, Р, <P, 


Using E9. G.2l Ca), 
= L.R/R = -Ra [р <© whe fr <P, 


AS = ы — Increase 
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PROBLEM Ф. 5D* 


One Ib of CO, expands a EAEI Maii be tween speci fie d S tater 


KNOWN : 
wall Tro e reseryat, 


wlule а, energy Y Ке іл a thin у 

FIND! Ж | | | 

F INO ta) For the CO, as the sy ete ur, € valuate W, Q, I~ Co ) For the Co, pius fre thin 
weli as the Sy Ste u. j evaluate I~ and Сому are wth the result л, part (а), 


SCHEMATIC 5 GIVEN DATA: 


DM 


Thin wall 








Reservorr 
at SO ° P = IYO toflin? 
T= S30 R 
i^ 2 { S led fine 
Pa 
к= SgOR — 





ASSEMPTIONS: (0) T^ part la) tb уух H c the C& only. Tn parih ) the Sys bein is the CO 
pius dv thin wall. (2) Or is иле ааа оо an ideal gas. (3) 
jeneh C or poten h al ene "d y. (4) The state of tae than wail does et change 
balance reducer tp AC Q -W 

“ J 


Ф = АР, Tò fad W, use. 


There if HE Change 


in 
KWALTSIS With agsumpnons (2), (3) an ener jy 
where «UO = Ф because ü (T) Ae an idesi Jas. d buit 





the ident oO hs ge Seg ays o State to wr; te 
МАГ ve [rev = Jf E d = мл RTL Уг = wa ÈT Le % 
Y, P; 
hee W, © 
_ un TI E Y o 52) 2. [1&9 ے‎ 5q, bi ا‎ d o NN 
Gy 01 io TER s! E S 


А ^ en tvopy balante гек 


Абе 247 жу T= 45 ¬ £ 
Krom Eq. 6.2 lg, А%=- R be АЈ ‚ Alle, бушл above Cy = mR CAE P |Р. "Tis 


B. uo | 
Ч = -м Р Qn Fe — m RT Ар, =O C tu. Proce ss iJ Ги {е cua tly revers: ќе) 





i 
= 
(b) Бе Аке enlarged system of O, plus flan Wall an entropy Palance 
yeads 
Kee QB es oed e 
TR IR 
| | | | Р, E | 
„кеге by aSsumphm (4 ) AS is the Same alim part (а) LL E Ta bedou ng 
| ETA It and Simpl: hs | 
a Pr 3 ¢ N i _ 
= =m Rin fe — мЁ С> . Ea t reu 
J = m = | m 5; [i T 5 
E | 9&6 gh- ES $30 | ae es © 
9 ФУ quo, 16: des) ee ج‎ Zgo | = 0.009001 Btu/ ©. o 


Dicwssim? The enlarged cy = includes An irreve mı hilft) not present w the €92 alone? 
f Wa Pmt tempers fure i fferencey ДА-А So A MM теғ 


neat Hint fo Terate 
velu € of Tw de Le ^ ron e d fy the зл SYS ейл. 
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PROBLEM 6.5! 


KNOWN : A quantity of water Expands eda «ba hell, froun a specified 
Shite to a Specified Pressure. 


Рик: Plot фи wore dene versus tha anreunt % entropy produced. 


SCHEMATIC É EWEN DATA: 


{ A 
г OMe. no work сасе 


U= а, 
6.1 MP 






Ua decreases as 5а 
decreases 





Р, > ом E. 
Hs 320°C 


»= ©. АЁ. 





ASSUMPTIONS: (1) ^s shown in the accom p ans ing f'a vre, the Sy s te n r's the water 
(2) The expansion occurs adrabat' cally, (3) There is no с Кама e tn Кгие ће 
ov potental thersgy between the ead states. 


A MALTS: With assumptions 2 anrd 3 an energy ba 


о 
W = A - AU: м (Ur- 42 ) 
With data fran Table А-4, 


lance reduces to 


U, = 2826, о/о, У, = 0.2678 wl ks ر‎ $ = 71902 Kk T] E29. K . 
So; Е 

= (боби \( 2226-1 - U KT = 0.1494 (2%64-Ч.) KY с!) 
"NS о. 2679 m IEG ( | 2) F3 ( 
An € tropy dava Aada ta فا‎ Ad, мл (52-8, ) 207 Theo 
(2) 

qT = (б. 1444 (s2 - 7.1462) ER 
& , Thasa 

The T-S diagram Qlhews that Uz decreases مه‎ $2. decree teo 
W о a maximum and = о ) فاس‎ $37 $, r 


Case کے‎ ١ Tha s рес: ftc intern ok energy at this state is the smallest 
ailow@d value: Uso. To dejeymine Us, frst evalua the و‎ vadui with 
dete سی‎ Taiao A-3 and A-M 


X Sas-Sg 9-55 _ 7.1362. -1-3026 . 0.943! 
25 бас р sg Sg 73514-03916 





> Uzs = wg + Кос (Ug-Ug ) = 447. 3G 4 1 (2806.1 ~ 4-17.36) = 24-49-19 kJ is 


89 24444) = 56.20 к J a Wmax 


Wua: 0:1444(2020‹1 — 


Case. 447 U, i Tn the Unmut on Чу >U W О, and the ел ото 
doch (м ep e o LÀ) QO pag inva. Га jay pola hng аа 77000, ^- Y 
at O.(MÓs with чета, gives Sy = Bas кЗ |9. k. TAN 


Tray бо.1+4Ч(%.®у- 7.156217 01874 ЕЗ, EMEN. 
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PROBLEM б.5‹\ C Contd. ) 


PLOT: W vs. TTT 
60 


50 
40 


30 


W (КЛ) 


20 


10 


0 002 004 006 0.08 01 0.12 0.14 0.16 


o (kJ/K) 





PROBLEM GS 


known: Two |р of Steam expand adiabatically fowm a spea fred 
Sta te to o spec fred Pressure. 


Fb. Diot the ort. done Versus the anmeunt of tuto Py Produced. 
y AX 
SCHEMATIC Т Сую DATA: ёш» WO WORK CASE 
yr Mau, 
~ loleé/j,2 











Uu decreases 
99 W decreases 


B 100 Ib f//n* 
T, = S66*F 
Pa = io lbf/int 


ASSUMPTIONS: (1) As Shown in the accompanying figure, the system гг the water, 
(2) The ех pantion occur; adrabah cally. (3) There is no change in kinehe or 
poten kal energy between the end States. 


ANALYSIS: (6) The werk can be found from an energy balance Uting assumptions 


Zand 3 о 
W = - AU = muy ua) 
From Table А-4Е at оо Ib f /in* , $0o*F U, = 1175.7 844/4, S, = 07087 Bin / 1b OR. —T «sn 
tio 
An еләр balance re doues to read mM Csa -S,) = J. There 
T= @ib)( sı- тот) Re (2) 
lb Ore 


The TS diagram shows d Чу Ф.с едро оо Se decreages. Thus 
WA a KWwnimow and T= О When 3$2-7S,, 


е-5Ь 


PROBLEM 6.52 C соил.) 

Case $„ = ү, To deter wine Urs, fet evaluate, t^ quality Xas 
with data Fue. Tables А-2Е and A-4€ 

Sas - 54 m3 = S£ „n 1708S- 0.2836 - 0.9473 


~ 4 1.5041 
Then 


Finatt 
IAA 7 lius 
Waay: 2 (UST 1024.14) : 


Case Urtu: Ти the Adv ао чә зуу, Wam О, and the entropy 
Produc hon apnrwachso a mox im vM. 
Ted pola how حا‎ Tolka А - 4€ e. io lof /cQ— to 1t. 45 = At, 4177 


Saz 1. 95497 Bh/lo oR. Tha - 
2 (14847 - | 708) = о. ѕо24 Bk wie a 


SAY = 


PLOT: WJ vs SW: 


300 
250 
200 


150 


W (Btu) 


100 


50 


0 0.1 02 0.3 0.4 0.5 
с (Btu/^R) 


PROBLEM 6.5 3 


KNOWN; R-134aexpands adrabah cal! from a Specified ѓи ой state Т а. specified 
pressure. The work developed is measured. 
FIND: De termine «f the Value fer work Can be correct 


SCHEMATIC ё GIVEN РАТА: 


Р, = 90 lbs] i»* 


Т з 100 °F 


Р, = So 104/72 





Ws allowed 


end states 


2.5 





s 
ASSUMP TIONS. (1) Аз Shown i4 the figure the R/34,/s the System. (2) The 


C¥pams'on  Occurc ad'aba b eatly and with ho change Гл Erne dic or potent'a/ 
energy between the end states. 


ANALYSIS: The allowed end states can be determrned using aren tropy balance 
which Axzdeces +o give 


5 о 
AS [48] + = 


34-$, = Hn 20 29 only allowed end states have sizS, 


Next, use an ene balance 4o determine the end state that correr ^ 


AU: f ^w 


uU, -U = -W/m 


1 R 
From Table A-2E , ц = 108.82 8Bw/lb) Vi о.575: { А35, Si = о: 2197 Вњ/ tb 
Tha 


me М = о. _ . 1.043 Ib 


v, 65951401316 
and 


5 Bh _ 
ua = 108.5) — 1.048 Ib - 104-03 Bha / lb 
Turning T» “Table. A-E ) in tey pola Km at SO е {си wi {м U, = (04.03 U 6l {7 


уал ë Sa: 0۰2 306 Buf [b - OR e Since S? Sr, the. measured Value f- 
WT Can be correct . 


— — — ———— 
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PROBLEM 6.5 4 


KNOWN? One kg of air Undergoes c process ре lcu een two Spe ca fred States, 
END: = =Deternune f the process Can occur adòabah`callg. 
SCHEMATIC 2 GIVEN DATA: ASSUMPTIONS: L 


kg ^ air, 2. 
AN ALT f£ 


The systemi th ome 


Aur vo Modeled ао an idat Jas. 
Whether tu process Car 
occur adtahafcally Can be de ternuned 
Using an Фи ba lance. Together 
wh. § data ww “1-64, A-22 

and 24: 6.212. The entopy ha lance. 
reads 


2\3 = f (<), 4 q- 


A4 S- T. S nea Q7 Cannot he an ERA AS Cannot loe negah re. Using 
E4.G-tla and S? fru Cotto A~22 





FIN, о | КУ 

= =O.4S3S ИК A 

Sina AS vw neag Ve, aN о.о ол С process behoeen there Shes Cenwet Occor. 
PROBLEM oes 


ceouwt. One [b of RI34a undergoes a process be шее» speafred States. 
Fred. 


! | Delevrweos^e tha A^ vtri change for the Process. Can Tta process occur orth Ф=0? 
SCHEMATIC GIVEN ТАТА s, A SSUM POTION `: Tho sustewm ы ter one ib 
кел dalle о ee nd А А Л ERA. 


i20 lbf Ил а 
+ 
X= O4 Ato ev 505 Tha entropy с бом CAM h 
dedernmned u sing d a tn Nar 7706-34 
A-0E ,UE 
2. 
ЅоЕ 


S= Sg к:(59-86 ) =0.0839 +0.4 (0.2105 — 0.0834 | 
-= 0,1509Ч Bu/bR 


ѕ, = 0.0585 [4 / [b*R 

Tuus, AS (11) [0.05% 0.13044] 84/00 = – 0,07844 Btu ПЫ -3—— — — — 
To cons фом Ht дез, bility of G^ e. dial c> [oa ++, penn wita ÔA еи tropy 
. patauce : 


v 


AS= | G2), ч С 


5 


Бс ân а 4012046 ر صصص مہم‎ Hu ом баии d Хам лл vayas ر صا‎ yn A= 
Since y Cannot oe ne ve, AS alm cannot ^ 


е, Ас «ог dina, 
yv indi cota d مہم‎ ле Cannot occer о: 5 
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PROBLEM 6.56 


кмошл: Aur vs Сом parae S Ce d be hween spec fied Stato. 


FIND. Deternune if the wes Can occur adja aticallg . Tf So, evaluate thre, 
work. Tf not, delere aas tre direc hon of the hea t Tran sfer, 


St HE MATIC GINO DATA: ASSUMPTIONS: i- The sys e wo tho quant ty 


2 O.SMPAR of air under conndsyadhim.2- Ar cs 
a 2 — modeled aa an Atot sas. 3. Ignore lera ede 
0.1 MPa. ond potentis energy 


Аю гї: Whether the pros ca occur 
adria bati call Corr He dete ска d Uang 
an tabo реши tose thw witan 
Eg- 6-lea and S? date fa. م788‎ ^- L2 


300k. 
(2c ) 





کے 


The en vt и! Vo о.е Лак, ASE SES), +O . T4 an Фо Бо f^, 
ya хла Ае yv d عل‎ m Vans رمعا‎ q^. “AS: ^ Sine U^ Саноо} Ga nega hit 
AS cannot AM RAINS Then, wim 64-&-2la Ant 5° da رحا‎ 


As= s*Un) - 527) ~R & h = 2.1776- 1.0203 — Li М5 = 40 031EJ9lr ££ 
^ L « 
Accordingly) an adia bte е: between hee $t 0 allowed, 


For au such et — 1 botene. rend, AU = ZAVOJ y or 
W= ~m (41-4) , W] WA = U-U2 = 214.07 — 344.45 -130.6 lalega. gn 














PROBLEM 6.57 


KNOWN’: Air is Compressed in 


a process between two speci fred states, 
FINO: Determine vf the 


Process can occur adtabatically. Tf adiabatre, evaluate 


the work. TF not adtvabate , determine the direction of heat trans fer. 
SCHEMATIC € GIVEN DATA: 


loatw- 







Spas о. 2.41 Вк. 
lb ор 


z | 
ASSUMPTIONS: (I) As shown i'n he acco HA DANY rng £v gure , the system fs the arr. 
(1) Air г; 


modeled as an ‘deal gas with Cp 0.241 ВАК / lb. R. 


ANALYSIS: Whether the process Can оссе ad iabah' cally can be deter mrned using 
an entropy balance together with Eq. 6.23 when gives 


As> CpinB- Rin P. _ 9.341 In Zoo - 13861410  =- 6.02 BIB *R 
Ti P, 540 2247 Ж 
An en tro py balance then feads 


2. 
m(-oe27= (88) + 


Sina T20 for att processer); the en ty орч fran t de — ferus must Ge negative whe 


impli e that energy re remove d by heat trans fer during Їде proces s. [IL ———— —————— 
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PROBLEM 6.5 8 
KNOWN: R124, is Compressed adjabah'cally from a spec: fred inrhal/l State — 
stade where the Volume rs specrfred. 


FIND: Determine vf the pressure at the final stafe Ca» be (2) 200 lof lin А Сь) Зоо lot /in? 
SCHEMATIC $ GIVEN DATA: 
azs, 






| Allewed states 





Vaz 0. 2 ft : 
ASSUMP TIONS: C1) As shown ги the ассо mpany ing доге, the sysdem i's the R BAC) 7^e 
Compression OCCU Adia bah cally, ` 


ANALYSIS: The allowed end states can be deter mined кл an entropy balance which 


reduces do give 
* D | 
дз: EY, + 97 
T /$ 
4 


or 
$175, 2 Min 20 =) only allowed States have S, 2 $,, 


Fron Table А-10Е at - (о, S = 0.2236 Gt«/[lo. R, At SHUZ, 


АД. 5 
Vo = wo QUE - og 2/10. 


(a) p= GO lef (ги: 


FON] ? х: $ 
Fran Table A-LE at Pa > 60 lof lin va = 0.8 6 ر طا/‎ We Sato SASS, ر‎ 
No, س‎ 


and o Has sti ы not allowed. 





Cb) = FO WOE fin’: 


Frew. bis 4-128 at R? FO wt, 
state a lowed. Yes Д —— —————— 


v4 20% e b, Uno fer dO 32 > 5,, 


and $e this 


Р RDBLEM 6.59 


KNOWN. ‘Two ка RIL Us compressed between tuo 
tha tewperature q te RA, n 
aere h' eut VR Hang ber frown +h fee gevant. 


rs 








specified States, during ole 
бос tOil ec, 


FIND. Dae если е Haa „лш. 


SCHEMATIC 9 GIVEN DATA: 


1.4 bar 





$ 
ASSUMPTIONS: (1) The Ria's the closed Sys tem. (2) The temperature et whrch 


heat Haneter occurs it tT? 60°C. 


ANALYSIS: An entropy balante for the process reads 


2 
Д9» | 68) « = = ©. 40 


Bara 


PROBLEM 6.54 CConthnued ) 


Tuur 


Q = T AS - 1 T 


With da te Кү n "C A- [0 and A- 12, g= 1, 1610 . EI eg. k, 52 20,8173 k I kg ke 
"Гэ | 


k $973- 1.16970 \kJ 2 т 
Gsak)( 9) (0.848 E b T 


11 


= - {40.45 кт = T, АШ 


— — = — 


As T20, fine ہں‎ dar lined devra v posi hve (or aero). hs, Quen = ~| 90.95 le 





PROBLEM G60 
khN20uwN?* A device operating at Steady State receives | KW | Бе hest 
danste- generates electrrarh,, Thue ола no often Cuengy trans fered, 
EIND: Determine sf the claimed performance of the device violates any princeples 


of thermodynamics. 
SCHEMATIC Т GIVEN DATA: 





ASSUMPTIONS: Ci) The system shown in the Accompanying Figure operates at Steady 
State, (2) The System receives Cnergy hy heat transfer at Tp = A40K( 167°C). 


ANALYSIS: An energy rate balance for the devrce redvees with assump fron | 0 


give 7 | 
AE. ve د‎ Wz © = (KW 


Thess An&ult is tn accord with thea Comservat'm of energy реги схе (е. 
(rf We had any otha value, thue Would he œ vrolah'm 4 fore prine'ple, ) 


With aS 59м рћом$ land 2, entropy rate balance reduces to give 
о 
48 = Q + q- =? T= -Q 
dt 7b т, 


> -( kW) = 2.2700 КМ 
440K K 


However, as entropy must be Produced the Clarmed Performance violates the second 


Thus 


law of therw o емаил гес 1 


6762 


* 
PROBLEM G.-G l 


KNOWN: Data ix 


provided for ~ quankh of prepancrapidla compressed. 
wb. De terrane 


whether ths ләр ог d Ve V for th, ион IS Rasr ble. ° 
SCHEMATIC L GLUTEN DATA: 








Surromd 495 
at 10 9. 


To 


М/ = -12.5 ЕУ 
е e Q boc / T,= 30°C 
ру =1Ҹ bar, Тї = (00°C 


ASSUMPTIONS. |. Tha propane is tha Closed S 


Ystm. 7 Neat transfer with, 
tus Surroundings Occurs at Th, which, cannot be less than 293 К (20°C) and vo most 


likely wA tha intevvort fron 303K (30°C) +o 313 K (100°C), Kiheh cand ро јел 0-4 
ener e {ес і Can |р (сүме red, 


ANALYSIS) An ewer 
А - {5 


— ⸗ 
inti 


balance reduces to At = @ uS. or^ wiha date Haw Tall e 
m(Ur-U) FW = (0:5 leq)((4 30.1۹ -Bn aas + (-12.5 kI) = -20.e5 ЕУ 
An en bogey 020 onmes شما‎ Te form , 

AS: Q ara = м5] T 


Tb 


Lathe E4. la and dade fran Tob A- 15 


T= (0.5 kg) (s: “SRY ]- EE MG 


T= -o,09475 E + 20:85 kl. 
ks T, 
For The 293K), TF <O, Thus) Hrs vala fw W^ cannot kha суие: 


PROBLEM 0.62. | 
KNOWN: Opera hn data are provided fer a 
EO: Deternune thr 4 dead 
poiuchm: Can Hau hast Canti ba 


roux. at Steady state . 

Pransfe- and +m rat 4 ta ups 
achieved © Vee солу ёс} ал. ? 

|. ASSUMPTIONS: |. Tha Sq Seve 

= e ‘Shewn Witt бераи ЙС US at 

inpet __ ес Pu Surroundings ot . Steady state. 2. Neat es nado 

G = S30°R (FO) 








Occurs at tempera ture Th and 
out put | م‎ bu con vechi e, 
[i-o€18dMo 
ا‎ — 
A~ALTSIS, At Steady Shirt. an хее) rate balan reduces [o -Q -W ر‎ 
СЕ ‘ : 2.545 BA] | !^ -2 
دي‎ W - Qe. [1 ethp -20p] | SEEN] | CT] =+ 7 xo ВЕ 
Oo в 
-Q o 
At 54-44 Spt an си Муму rot елед ndu مت‎ to po dk ر0‎ 
-_®©. _ (778K M) — Laos Bre 
Th 530° 





SOR 
Using E4. 2.34 Written as = -h ALTe - Ty ] y where the VE Sign 


vo needed 
for Const 


sheng )س‎ tA the Sign for Ф ws Илл energy vate balance. Solving f 
Me raat Конја — Р — _ | 
h= -Q = — (7E Btls) | | mR | Btu , Checking Tabler l with this 
AU 041 (i4 pe) S6 - S30). he fare 


wed. 
Value fr ҮМ Suggest s ыз forced C en VE CH vA woud حط‎ vequre 
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PROBLEM 6.63 


Known: One lb of ar is compussed adabahicaldh from 40°F, lahun b S atia. 
FD: If Hu ar i Compussed without intiynat irre omen ins find the 
Hunat tempoa tue Ran He work . TF thea Wwork (А 2Zo?/o grea ^c dud +С 
Value T no int red irre ven hh [. Hao ‚ find tre final te pry Ac Oe faa 
Ом 9 £^ boy p 493: Show bo tr م مما‎ Mas on IS coordina feo. 


енем tic de Ån DATA ASSOMETIONS: |. The systu 
Satu iS the arr. 2. Air Los Weds led 
OAS an ideat gas. 3. There 
IS ho heat trans far hor 
— Siffi cant kinetic | potenfrak 


enero fects. 4 Бе 
UT Soolo) parte, T= О. 








ANALTSIS: Lith assum ptit ر3‎ He mer pal ante dow t AUS W; 
wach aves the Ф вка — fe qe wore tryout ۽‎ б А 
CW) =m Cuy-u, ). The еш balance reduces ty A> «Tg, w htn 
(ves = m (S52.-S,), — 
@) GO =O 


Reducing, the above Lu hops loalante wes $›=$,. Thus, tia 

uss % 1-25 on the aboye T-s Wagram. Th cor resp mdr ш, ete 

Дау worl v (-W W x m (Us 5- А, >. Fran Table A- 226 Ч; = Sy.2 Ch//[b. 

find Чех, Gest ^pylq Eq- 6.2.10 Qo de. ован 

Sis = 5Р4 = æ> S24 0.592334 Ae LAS > 0.69266 

рое. аро (о T А-а Б wh Ts qe Uap = 135-3 Gh. | lo. as = FUR (331), 
nally 


(-w)- ( w)( 3S3 — $5.2.) Be = So. Bh. 


(o) The achat work tn ot i) 2040 سال‎ ul — (-wr) = 1.2.050 .1)= GO.1 Bh. 
“Twas, +h, b pros її on Ler (-w) Chan laa As roo ens E qos 


2, Bw. 
ں‎ = CW) ао, = 86 Bh). а б. 145.3 Rb- 
Tu و گە )س ھا‎ U 76А A-22E, [Dy Syg R (3889F), <, 0.76963. Finally, 
Pry - a agb 
ст м{5%-42- Ёле) IU Ib [6.10163 - 0.88233 — (AE? bas 3 Se 


. 0.017 BR. 
ei. 
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PROBLEM 6.64 


KNOWN: Data are provided for a Al сом chip et Steady & tate. 


EIND: Determine ths Asks of entropy fro duction and dent ey tha principar 
Seurce О vereversi bility: 


CHE (MATIC € Cu fo. DATA: Sac Fig. C 2.5. 
ASSUMPTIONS! 1 Ths chip vrs a ctoged Sy stem oA Steady State. 2. There vo ho 
hat WMantfer between the clip? and the substrate. All herd Kaus le 














fr 4 bo Convechon 
om the top surfece at Tip. 
ANALYSIS! An endo rate balance ab Sie. Ste ready 
0 *- : : | E 
dA ль Th 
Thus -Z eW 
- KW Е 
Фа (20225). ose yi ^ Watt [IS =» 0370 Те 
ттер <, ıo3 W 
353K 
The princpal seurce " inter nod irreversibility e €lectvic current Clow taro «g^ a~ 
resistance, 
PROBLEM 6.65 Ж 
Known: Data ave provided for an electric water heater, 
Бор. For each af hy systems de torma ле there awo vaut 4, entropy produced. Co mpare, 
SCHE MATIC Ê eiut DATA: ASIK MP TIONS 1. Ta pact (a) piha Sy stem c3 the water 


alone. Ta part Co) tig 345 H o tho wa ter plus fo fesStor, 
v2200L 





2. Tha weer v» Weodadlkaid مه‎ (^ Co mps s Si ole. 3. Heat 
T^ 290 K trans far Sor nan Хх. oufer sur face of +h waty 76 ги — 
(23*]9 юл ignored. 4. The States of ths tank wall nocd the Ansehen 
Tee STK are Couns lant - 


n (SS°C) 
— — 
resister 


Cod For tha co eder. at tua system ر‎ thre e a hos ра хисе ла Фасо to AS = Q. 4 С. 
balance ow au water: AUT? G XT j ыо ueh wta Eq. 3.202 Tokes dhs Pru. 


Q= AU 9 G= м[с AT] . wih 84.6.24, AS = mc la T/T. Collecting ^s» تلل‎ 


> ln 22 „ (T-T) 
g s AS- 2 wip gs me] T — . 


Using dte Ion volume and UW ug (Tave) z 1.508 (0) ks fenan Table A-2 and 
C= 4.18 «3/ks.ic. Fra Toole A -14 
me YT. COOLIO /Ы Leyes os (Reg 4.1823 ) |in 225 - ca ]. 495 KI 
v L008 «(63 MALES ' FF lAo 353 WE в 
(v) for tha Water plus the ass tr ao +h. FY STA ) +h e en tory ол. д иса Amu ces fo | 
As- (Sg v > C= AS. With assumphm & , AS Can ба счел [re d with 
b 


А ame {и Т>. иллә 
{кэ water onig: AS T 


Cio) 
ЕЮ 328 gc چ‎ EZ «4 — —— 
= we عا ہما‎ = (49.4 ку Y 4/8 E> ) PST = 5.3 K 


The entropy duction wih enlarged 34 fe an. ر‎ arce le-o couar Haua 

5 an addvbmat Source (Сге Vayda \‹ — namely, elecivic Current tyr 
Terres. Xa A2aASdor. Fay the water loca) tre (nee Were | do ы ەز مه‎ CO Xx 4 

QA Мл. и یہب‎ MaD trans fer f a Am Asus throuph Tre waty б vt e vd. 


bts 





ж 
PROBLEM 6.66 


KNOWN! A+ S + + 


D dev vu уа a Want tran pf 


A 20-W Sear ling Pow Lô ek (909 Е 
10% ده‎ А 
B UC ee p EN HP 


ond "Ge Ash t entropy Pro фос} он, 





| тех G(0^R ((8 09) 
ASSOMPTIONS: C) The зуу е WW Shown in the {хә ила. c at 5 t€ady stat . 


(2) Nent rau occurs at Тыт 090 °[г (80°F) only, 
Аһ АМҮЅІЗ: 


P — y. Tate b lance ха doces tu read 


| | І 4 
£- © -W => Q = W = wys Ea = ~(8.3 Rtu /h ee 





Ahead 


ы : > b= (o%.3 Btu/h Btu G 
ч کے © سے‎ =@,(0 == 


An gw орч hots bilancere Andree To 





KNOWN . Data ae providad C^ a Hha r nath tnsulated resrston 


Plot tha temperetare and amount A zutury produced versus t fr Onts 3s. 
SCHEMATIC £ CIVEN DATA: 


T ka ÛD: 


R= 30 ohm 


мл = oilb Ts © amps 


Gz 0.2 Btw lb. °R 





Т = 70°F 
ASSUMPTIONS: (I) The Sy stem shown in +he accompanying figure is medeled as an 
incompressible substance . (2) QzO. 


ANALYSIS Aw energy balance reduces to ауе 
o 


Au: B-W Sy wu) W 


With assumpt ои 1 


mc(t-n):-W 3% REN- Whe 


Electrical work fs done on the system. Using grven Oa te. Р 
2 
We = TIT RAT = - (Gamps) (300hm)(Ab) lee 
= -10%0 Ab (Wes) 
Mecordin \ 
Nd T2 2 530° °R — ( созо At Gu.s)) — th ) 
(ол )(о.ъвуь.°Ё) \ 1 № 6005 


=(530 + 512 At) oR Ct) 


An entropy ooo cx. re ducas To give 


7 = — m han Te E 
AS = ((88] + => QA = ем ть (Ea. 6.24) 
; 


(-© 


PROBLEM ©. ( Contd.) 
Fn owen; €q-Ci) the axpressimfy DF be comas 
T- ©1002 BRE) dn (1 + shlat - 0.02 Bt» Yn (1+ 51246 2) 


S30 OR S30 
690 0.006 
658 0.0048 
_ 626 © 0.0036 
or ~ 
o = 
Fr 594 — 0.0024 
o 
562 0.0012 
530 - 0 | 
0 0.6 1.2 1.8 2.4 3 0 0.6 1.2 1.8 2.4 
At (s) At (s) 
PROBLEM 6.68 
KNowN. Data are provided To Ал electric nawt ہن‎ at Stea state ‚, 
Био: For the motor, dederis the nates of heat tran ser and entropy produch'm, 
SCHEMATIC © GIVEN DATA: ASSUMPTIONS: I A The system ماس ماق‎ е 
Th: 580°@ЁС(120°Є ALCO ро ng gure operates at Steady So». 
—— —. b= So" RUE) 2. Tha докиК ea indicated ore w T&A 
і A direc hons о{ the Хао packs ve aO wS., 
Wshets = Ó.S 4p 





i 
Motor draws 4 амра ot 120 Volts 


Ања: At Stead 4 54, , tHe 4734 “аж. о діди сд афо сд» t qire 
о t e 
AE = @ -U 3» QW олла Wr Wsi - Wetec. That i 


W= олар | et - [анз (novels) | 2% | | ES 8 ا‎ | | = -365.7 Bh 





e a 
> Q = -36S8.% Bh. 
At Steady STD. ди enteny AS balan redui P jive 
sx. Q iq => — 2 — (-36S.% 814) - 0:68 | Bh аф 
х № Т, S80 R hs ог. 
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PROBLEM 6.69 


KNOWN: Operating data are provided for an electm'c motor at Steady state, 

Find: a) Determine the motor outer surface Jewperajure. Evaluate thi rate ef entropy 
prodochen for Ф) the moter as the system | (c) the motor plur the nearby Furr oun d~ 
мас as the system. 

SCHEMATICT GIVEN DATA: 


2243K Q ©: МА (70-7) oy = 1000 RP 
a N. 
he 100 W/m“ К = 
" + A = aw р 
АЯ 99805 d = a20 Volts 





ASSUMPTIONS (0) Two tystems at steady State are considered: The motor. The 


moter plos the nearby {отго undings, (2) The temperature atthe outer surface of 
the motor, лу, fs Uniform with post Ком. (3) Energy transfers are in the direch ens of 
the arrows. 

ANALYSIS: @)The temperature Ty Can be evaluated from an energy rate balance 
Applied to the motor, At , the rate energy enters equals the rate 


Energy екі. Thus, fer energy trans fer in the divections indicated by the arrows 
۰ $ ° 
Wetect = Wshaft + @ 
where © is given by хол ex pression above and +heother two terms are evaluated 
Using Eq. 2.20 and 2.2i: 
à | d mọn inW \ bT W 
Wshaft = do a (16N-m )(toeo сех \( anred)( * ЭС». 2 [.616 к 


Wetec = e = (220 voits (o amp) (онер) s) : 2.2%"W 


` t Volt 





Tunus Te 


3.2 eW = (.676 kW + (ioo (елаз “(т ce -348k) => т = 319.1 K mq 


(ob) With assemption 2 , and tateing in account that © is posvhve in the direcfron 
of the QYrOoW ом the Sketch above у an entropy rale balance for the moter 
as the ty s te ил reduces at steady state +o ave 


o 


40$ ج Bee‏ کر 
dt R ш‏ 


From Port (a), С) = Welect = Мамед = 0.524 kW | 50 












` - g^ 
Û a 6089449 . 1.64 vit W up — 
319-4 к. K 
(с) Һе a sys tev. cows is ting of +he motor pius the meen rs Surroundings, Hha 
Went trans for taces p lace at Т = 243 К, At Steady state an entre py vate 
T | ` balance reduces to Give fer ds enlarged ry s He wn 
Motor a j e 
l cee Q, 
Surroundings at To У 
4А «ah g^ 
(D — = 0.$34 kW . 1 14 Kio? KW 
Dus 2.43 K K 
surroundings 
4. ‘The rate of eu trony production ёз greater fer the en lar ged гуз feu because 


it includes an additonal source of ivrevernbrlity associated with heat trans fer Fr oun 
the moter at Ty tothe surroundings at To. - 


C-6% 


Ж 
PROBLEM ©. О 


KNOWN: Operating data are Proveded for a closed tank fitted witha paddle 
wheel and contaimng о. OA YT, 


Find: Determine +he rate of entropy product’on for systems cons sting of (a) the 
tank and ts contents , Cb) the tank and i45 near by Surroundings. 


SCHEMATIC € GIVEN DATA: 


/ = 513 (2.50%) 
| 
і 





тэ 300K (271°C) 


4 


ASSUMP TIONS: ау Two systems ave under cons: derat on. One Comprises the tank 
and the sluvry within qhe аи К. 


"ta. rb 


S¥reound کو‎ 


The other includes Jue tank, the slurry зана 
as Shown v^ the sketch +ue near bu svrro unding £. (2) Each sy SHE hy operates at 
steady state, while recerving o power input from a paddle whee/, 

ANALYSIS. An energy rate balance reduce: at steady strate G give 


* -Q-W = @=W2-25 ew 


ta) Ten and Slurry as the vyrtem , 





An Entropy rate balance neduces at 
Steady state to give 0 
— 
dt m 
=» dz -Q g- (-25 км) = 0.0418 kW/k 
T $23 К 
(o) Tank, carry, and nearby Surround" з as +he Stem, An entropy rate balance 
reduces at Steady State to give Е ) 
0 d < © (-29 kw kw 
Ф => Qa = 0.0833 == 
(0) > — 4 00 
ASI 500 К K 


4. тм entropy Producto rate ti greater ги pert Co) phe in pert (a) 
ре cause fre € ^l raa d Sy stem 4 part Co) heso an addi оле fource 
ivr € vens eil М1 tha irreversibility asson ua w ha haet Hang 
Фолл qha torde -o عا‎ sumun dens, 


PROBLEM С. 


KNOWN: A зу Кил consis tng of a fixed мисоле of hg dr одем Gas ү loreught 
[vow a Specified inital state Ga грее Де d 6 nak tempera turt hy 
heat Каики Grow a reservoir. 

IND: For the hd олен) fad @, AS, and Q^. Rov the reserve, r) fnd AS. 
Compare. AS Values and disSwss 

SCHEMATIC Y GIVEN DATA: 


Reservoir 
(300°C) i = 308k (25%) 


7:433 Cleo °c) 





ASSUMPTIONS: C) The hq drogen $45 rs the хуу Lew. (2) The — 547 
US we de led as an dea | gas . €3) [teat trans fer Fakes piece 
‘Th = SSKE. (4 у Kine {с and pers hA T sve e Hece are деит ° 


© 
AmAUCTSS : Aw ENVOY balance re doces to ENS AU = $-—y , EI 


Q 2m CU2-4, ) 
Inspection of Table A-20 indy cates thee Су variet only slightly fre Hz oux T~ HENGE 
208 w +33 WX. Uus Ме. Volue ak Тәме 3l К and evaluat ng m using ما‎ A Фа 
Gas ue. 4 to 
з 
а= (BY) cy (R7 ] |е ne Cm oza кєл (a1 зо) = 43.7 KI — 
(а) e m ЕЕ 
RT, €31Y Nt ) (7208F) 
Tole YTE 


To find AS, use Èq. 6G. 22 : 
3 mj 
CISA io^ X2) (10-32) Lin, ($85 )= 1.14 Ka. A4 
_ da " 308 
OS =m | ste Diar lesan à 


wi dv. ASS uve ph ہہ‎ Э ) awn e ^ vA bek љалла Andi too -ło 


_ Ф {a — E ©.428 Se au 
Ass Gass acc ES 93 / K 


Taking Ths Serro д» AU» sugtem, the en уч o^ lan & (eo do 


© 
AS). = бт яб = E XII 


En Жору is trans levied fy сул aUa A ter үре ACCOMP An ying heat trans fer, 
ad So the Entyvery oft the reservoir decreases Oy the амо Carne d 
ont: for te igs ogen, entropy 14 Carried in GCCOP AW ass heat 
ars lay . CLA edd hun, eo ve py E p ^e doc e d owing {© irreved h, /, hes. 
Accerdingly , the ел Кору Change fr the hy drogen exceeds fre  amduut 
Carried (in E amount preduced . 
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PROBLEM op” 


KNOWN: Data are provided m an isolated System consis hing ef an alum r^ vessel, 


oil, and liquid water. 

Ei D: Белеси la) d^e frnal temperature when tha. зу jew has Come to es vil briom, 
Cb) the entropychange for Fhe alie iiA verse |, the ol, and Me wore с, 

(с) the amount of entropy produ ced. 

SCHEMATIC GIVEN DATA: — — pnis. 

















i 
! 
| ——— &lu mit vessel моу [Ort k 
tka liquid as dique = 
| ei P initially ЭМИ Vat =328 K (SS'C) 
| we {Ока of liquid water Тазы Ну 
i 


ot Tw =293 K (20°C) 


ASSUMPTIONS: (i) The Sy stem shown in the accompanying figure is isolated. (t) The 
aluminum vessel and gath of qhe liquid masses саи be modeled as ги compressi ble wrth 
constant specife heat. 


ANALYSIS from Ta ble. A- i9, +he epee fc heat of aluminum ia = о. 9 3] кз. and of 
Ivqued water Cw = 4.18 = З/ка. К, awd of engine oul Co = (Ai kS/bq-K. 


Cay Wriw assum phó» 1 ) фе NxO and ам energy balance reduces Т, 
0 ә 
ло: fg -IF 


(AU), + (277) + (AU). 


With ass vm phon 2 


WA wowLTe -Tul 4 vo CoL Te eI + mar Carl te * Tat} =< 6 
where m and Tw ere pha mate end wel tie penche wl laud  wott r; Mo and To are 
the mare and тиса! temperature of tine oi, andl my and Thi are Hare 2.5% ann л о. 
temperature ct tue Vessel. | | 
Solving, Gor the final temperature, Te 
mw Cw Tu * v^ oCo Vo + mar Car Car 


T 
_ (оу(ч.е)(тАъ)у „ COOLS) + (0. )(0.4) 928). X 
> (хоуса. хе У + CVC) ч (0,1(0.4) 204.6 (2 C) = 








(b) Entropy changes, Using E 4. 6.24 (assumption 2) 
TE x 
(o6S)w = Ww Cw ln zs = (10)(4.1@) ln 





LALL =9,22764 kT/K " 


£6. _ 
(05) = v^ Co м = (LY ln gi 0-205 о К/К 


(oS), = Mala E = (o.1)( 0.4) ln ow = -0.00067 kI/K 
А 





уе 
m the system an entropy balance 9'У 


(aS)w + (oS)o + (4 5) 


= KJ А а 
0.01285 ES 


| 4 fro 
(c) Since dhere i$ P2 heat Yani fer o er 


AS SOG +r — T 


CT 


PROBLEM 6.3 


KNOWN: А system initially consisting ef 0% Ib of ree at 32°F and Alb of наога water at Po*F 

attavnsg an eq vi brc vie stote. adakah’ cally at a сомга pressure. of latm. 
En Facere tee fuel fe hera ture and the amount of entropy produced. 
SCHEMATIC $ GWEN DATA: 


mitra ny М Ry 2 {аём : 
aoe hig = 144 B1«/n 
0. 4 lh of a le of liquid 
е ae water at Bo*F 
2° 





ASSUMPTIONS: п) As shown (fn the accompany ing frigore, the System consists of the 

tee and liquid. (2) Q=0 and pressure remarns constant (3) The Irgure'd is in compress- 

ible with cons tant ipee fic heat. 

ANALYSIS: (a) The Соул! ett perature Can be deter wmruned using an energ 

balance. Thus, ATU = 6$ -W , where W = fpdv e pAW ince Pressure fs Constant, $0 
AU =- р АМ © QAH=AO for the conetant pressure process 


If atl the ice does not melt, the final temperature would be 32°F To iv уе Кае 


4hrs ; let T be the final temperature when all of the ide rs regarded to have 
we tte d. Then width Cz LO Ві / ее fer qud water frou Ta ble A-\FE 


дн], + Abs b+ А Hla, = О 


fu o = 
(aqux 144 S) Cod iy! Sta  (F - 492) RÎ + (2. t$) ( ! B 5-54) R = O т. 
2» Ty = sogeR (48°F) «— 
As Tp >32°F) /7 can be concluded that all the sce melts, 
(0) An entropy balance reduces t give 


* © 
E — r: AS 
ASTE am = 


gi FAS xe + AS Tune * AS Juss 


af32°F 32°F > FoF Tr 


ти о; 


The two liquid Jerms Can be «evaluated orng Eq. ©. 2#. The entropy change for the 
melting fee can bee found Using the Tds еол ом, €4 6.128, whith ab constant 
pressure aud temperature Aeduces to give 


ds = dh f = Sẹ- S: he - hy = 144 в /@ > 6. 2427 8+1. o 
T 





г 4 4 R 
Thus 
М. 68 Gh 508. 
т = (0.416) (0.24 2 Bi) + (oeio) A) ал922 +0200 ie jon (SE) — 
| i — 


= (0.117) + (0.0128) + (-04222)2 0.0077 Чу. 
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PROBLEM G.74 


KNOWN. A ts tem initrally consisting of a rivet and a two-phase solid aleiqurd mixture 
of wali attains an е4 v: librium State adiaka h cally et conitant pressure, 


FIND: Determine the final temperatuve and the Amount of entropy prodoced, 
SCHEMATIC È GIVEN DATA: 
initially: 


0.5 tb rivet 
at 1800°F 


Cr 70-12 Btu //62R 


— — س + oe‏ س س @ —- 





5 te «vid 
water at 32°F 


25 b ice at 32°F 


oe fee eee — 


Sf tl 


ASSUMPTIONS: (1) As Shown rin the û Ceo n. pany ing figure, 4 he system PERSEE E 
the ice, liquid раме rivet. (2) 02 О and pressure femarnt constant. (3) The ri vet. and 
liqvıd can be regarded аг ѓа Сом. press: ble with Constant speefire heats, 

ANALYSIS:@The final temperature can be determined using an energy balance. “Tavs, 


OU = @-\у, where W = [pd У = р AV Sinte pressure is constant. So 
AU=- pAT = AH =0 for the constant pressure process. 


TE att the ice does not melt the final tempera ture would be 32°F. T% rnveshsate tha's 
let T be the final temperature when all of the ite iS regarded fo have melted. Then, 
with C= lO Bf Ij: R for liquid water fran Table A-YE 


i AW Jace + AH] meit 1 + AM) laid + ДАН Jrivet = О 
ох 329 32°F YT 


32° FY (600% TJ 
0 = ХУ, 44 Bi) + (2.5 10)(1 ahs )(B- 442)}+ (510 ак. (%- 442) «(oS (o ло Ske ome 
=> Ys 458.7°R 
Since Te < 32°F, at Can be Concluded that nof all of the ice melis and the final 
temperature és 32°F. 
" o 
(b) An entropy balance reduces te give ^5: (G8) aq or FAS, Siwe not 


all of the ice melts it tf necossary do determine. the amount that does melt, let 
* denote the amount of ree that melts. Then Since khe Irqurd (earn? af 32 °F , 





т; 


the energy balance gives 


ЛН]. + A HT rivet =O 


ot 32°F (00°F 2» 32°F 


кь 4€ Bf) „(оъь)(о-ъ 8) (442 - me)& 20 => x= 6 T37 lb 


or 


Re меили to the calevlatiou of the entropy prodvch'en, 


о 
с: AST + А51 + ASI 


The entropy Change of the mvet can be found Using Eq 6-24, Trula ly , AS = ofer 
the (саега by Eq. bo. 24 Since the Јек рег ature remarns Constant. The entropy 
change fer +he me iting ice Can be found огт + ие Td$ equat ои, E». 6126, whch 
at constant pressure and temperahre reduces do give 

ст ЧА =p 3-5; = NN. 144 B^. / lb = 0.2.42? B»//,. ^£. 

T => T 442 °R 
Thur — 
М ; — 
lb )(o- 342? 2%) +(0.51b (o n 2А. ) In (zt 


= (o. 2157) 4 (- 0.01! $) = 0.1242. div à o> 


6-73 


PROBLEM 6.75 


KNOWN, An insulated vessel! is divided into equal- Sized cowpartments connected 
by e valve. THel, One Compartment contning Samat o 


K nou, (3 e. and -ri«. othe م‎ 


(iS @vacuated, The value va opened 


and tha steawm Fils the enhre Volume. 


FIND: De terwine. Co) the блод +Hwpcrature and сь) tho кей Cnlropy 
producedper unit mass of steam. 


SCHEMATIC Y GIVEN DATA: 


| 
| ThiteMy: Trib ally + 
Steam at evacuated 


| SOlefliAt 
| 700°F 


i 





Soibf/in> 


i / TF 


` 


М 2. 


wu 


ASTUMPTIONS: C) The system is shown by the dashed line in the Fig ure above. 


(2) For the system 
iquored, 


/ 


AtMAUCTSIS: To fx фка. fiot Stete 


wiensive PAoperties : 


energy belance 


An entropy balance مص امہ‎ to 


Us and V2 . 
40 ice. pha ил Кой "olov e, occupied by the Steam, Vg = ZY. 


© © 
дг: ai d => чыг, 


&@ =0, WO, and JAewehc/ роси hat energy effects Can be. 


requires tho values of +o independent 


Thug, Since the Steam expands te frill 


And from an 


as- 069, +9 => Sz (82-5, ) (t) 


As the use 


4^4. pair of independent ROME: U2,Vz Tto fix the State, with 


tabular Steam table data c cumbersome, ТТ о emp lodo d Te evalvak T/m 


using Eq с) 


С) 


T 
1 
1 


ode 


50 // Ibf/in.? 
700 // °F 





p 
T 


u2 = u1 

v2=2* v1 

u1 = u_PT("Water/Steam", p1, Т1) 
v1 = v PT("Water/Steam", p1, Т1) 
u2 = и PT("Water/Steam", p2, T2) 
v2 = v PT("Water/Steam", p2, T2) 


sigma / m 7 s2 - s1 

т= 1 //Ib 

51 = $ PT('Water/Steam", p1, Т1) 
52 = 5 PT('Water/Steam", p2, Т2) 


IT Results 

Т, = 697.4 ^F 4—1. 
p; = 25.01 Ibf/in.? 

s, = 1.881 Btu/lb-°R 

s; = 1.957 Btu/lb-°R 

и; = 1255 Btu/lb 

Vo = 27.48 ft/lb 

с/т = 0.07611 Btu/Ib-^R — S] 


(-t¥ 


ж 
PROBLEM O.f6 


KNOWN: Two inculated tanks containing air at Known States are connected by o 
Valve. The valve fs opened and the іо о quan ћітег of air mix, 

Find. Determine (la) Чие frnal temperature , (bo) the final pressure, aud Сс) 
the amount of entropy produced. 


SCHE MATIC T GIVEN DATA: 





Btu 
Aie: Cy= 2. =т= Iura 





ASSUMPTIONS: CI) As thown in t^e 0.Cco» pany Figure, the System i's the, Jota! quantity 


of or. (V) Avr re modeled at an "deal gas. (3) Q:W-O and there is “o 


change m emehe or potental energy between the гиг ral and final States, 


ANALYSIS: fad An energy balance reduces with алом рју ом 3 To qi ve AU” رک‎ 
or AU =O. That is 


AU: (ema) alte) - Em ult) + м.а UR y) 20 


or 
Oz mı [ (Te) - UCT )] 4 ma (alt) -9 lt) ] > O: "e D 7] и.-т) 


UIb) (GLORY + (2 bb) (ооп К Е 
ә теи n "- (3 Е LAT ووی‎ (s 8) 90 


(ө) Using the deal gas equatron of State 
fps uama) R TF 


Су + М) 


(SAS 
A. UST DIR q (ооо) 


3 

7 сатчу T = 10.65 & 
V. meh „ (УС) ( 500 3 
Pe (%)C14.%) ( (AW) = 4 e 


Tha iS%s 
Р _ (5) a lS a3) 
— (lead na) луч) 
бу An entropy balance re duces +o give AS= 9 ec gor 


vehere. 





=~(.4S8atm a 9 


= AS [GO m) So — Cw sy, tur JE mı (54-5, JE (sg -S2 ) 
е Be TE La TE _ ә ban fp 
n می‎ de -R e] + ма Гор 1 TE - б | 


Using Eq. 344, ср си tR = 0.11 + Сок = 0.2 Blu [tb nR, Thes 


c اداد ۔‎ (EK 8 Je cote. - (8) is 8] 
= [7 0.05154 + 0.0102] Bw /*(. 


= 0.01928 Bs /*R, &—— — — — — —— 
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_ PROBLEM Q.11* 


KMowN: An insulated cylinder rs fartrally divided nto halves by o. prston. On either side 


of the piston fs agas ata Known, stat, The piston is released .and equilibrium 
is attained 


Find: Deter mine ФАА final pressure , final je mpera ture jand the amo vut of entropy 
Produced. | 
SCHEMATIC È GIVEN DATA: 


— imitiallys 
HE nH 
Tj=300K Т, = 300 
е, =2. bar р, =! = 
Vi )ت‎ м? Vu = Cm 





ASSUMPTIONS! (зу The system Consists of both quanh hes of gas aud i^ piston: But +he 
piston exvperrencet v net change tn state. (2) The pis ton moves freely бл the cylinder asd 
It thermally conducting. (3) The gas is modeled as an deal gas. (4) Q=0. 


о © 
ANALYSIS:‘@MAn energy balance reduces to give AU: $ -yr =› AU=O => 


о 
AV], + 40], + Лан 20 => mı [u-u 300k) ] + v» Счет) - ul 3oK] =o 
29 Yj ulok) = Ge OOK 








Ki 
Ch) Using Аме ‘deal gas equation of state, and noting that the total mass of Gas 
occupies the same total volume at the final state as inrhally è Va 2m j 
Pe = Misma) RT DS mum С 
Vv 
where ms A (v/2) Qc eC vir) 
RT, R Te 
Tias | нее ТТТ QA) Ф. Су/г) Р 
P 8 Gai a (vie) ) RT = Р, + Pe = 65 bot f 
+ жит = 


a o 
су An Entre py balance reduces Ё pove AS = 491), to or 


o 
yg = AS =» g = ASI; + ^5), + PA piston 
w heve | i 
AS): m L s°(T) — S(T) - R LEN 2 Rm, E 
то Cus) 
р. n Р. 
AS\ 2 м [ хә (тру ST) - R 4“ £ ) E ma dn of 
=0 Ce) 
Tha 


К ‚5. Р Ре) ae e(T/) in е. ACV e 
cca [np mg] en tgo > MaRa ] 


z-V/ÁA ( Piin Pe a Pain Ё 
T p R Е *) 





_ _ iw Ls vi || ee 
— [ri^ pH | | bac d ТО; 








dE CONS = — 


| =0.0S6l kT /  «——————— — S 





Provedad the ideal gas moda? ما‎ assumed, thse Same numerical 
trecuti ола obtained Cw any gas, 
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PRBLEM „ле 


KNOWN’ An insulated vanke is dwided into hwo compart meuts by & piston. 
Ow eer side of Je piston is water vapor ot known Salts. The piston 
is released avd equilibrium is alae. 


FIND: Determine (ау the bial pressuve , (b) the fra tewpevatuve, aud Ce) Ие 
amouet ef cutropy produced. 


SCHEM ATIC IVEM DATA’ 
















Г Uo utere орог e | 


LN et 20 


ASSUMP 7:035: (1) the closed д ystem o 
umsists of loth quautities eC water leat 4MR. 
vapor amd the Piston , but the piste — =a 
eppeniemceS мо Ova vec. of § | 
(2) The Qro Mmovestreely OMA cs pisten 
rev ma conducting . (3) For We 

system у (70, Мо, Аке 2 APE =O. 





ANALYSIS: (ть Lix the final stale of He water чарот, we begin with an 
Wwe ry balance . Matis , AU + Aje& + ДРЕ = @-уй < AU-O. thus 


AU | +40] 4 лү. " =O > ум, (Ач), + мъ (4и), =O Q2 
(^e ои 
For each side, m = Vir, Wilh Acta Hom Table А-3 at Me initia state 
Vi ۴ | ум? 


үлү = = 20.09 eA 


"A — 0.04418 w/k 
Similarly , for side 2. rau Table A-4 aves ^7, = 0.02285 m fles . tos 


. Va. э 
"L^ A = ото 595 why = 4.13 ke 

I+ follows from assunphion 2 Hiat af equilibviven , Ma states of water 
Vapor e ai Илес side of the pistow ave Ma sume. Thus, from CU) 

Y^, (A Uu.) cv и-и. ү 20 
From table А - 5, U, 2 2002.3 «35/5 amd from Table А-4, ц,= 3542.7 3 [щ. 
Tu serh ng values awe Solving tr ч. Wwe Gor 

20.04( u- 2602.3) + 41.33(u- 3542.31) =о > и = 32114 kS/leg 
The ovwa M System volume is consort : Zw? and Ика dolo! muss oF 
waker Vepor is fixed. Thus, at equilibrium Аг = (2 м?) /( 20044 41.93) ky 
= 0.03225 wi / [4 . The e uUibrum stake ow bok. sides ef Ha pis tow 
Or Dx ed. o U = 3271. ت‎ le. ДААЙ w= 0.03225 m3/ ka. Inter polation 
tu table A-4 With A ad ^r is Very racmvenient. Lar sad we use Т 


Jo gat 
d Р = 121,5 bar (о) Cb) 
"t * 622.6 °C 
S = 6.861 kY lleg: K 





L- TH 


PROBLEM 6.18  (Condd.) 


(с) The ewtropy produced cau be determined from au entroy balance whic 
reduces with assu wo how s C1) ak (3) to gwe 


5 s 
FAS > Ce AS) + 457, + کہ پاک‎ 0 =m, (Os), +m 65), 


From Table 4-3, 5, = 6.070] kJ /lea-K , and from Tabe 4-4, 5, 7.0544 
«Т1 kg.. Thus ` = m 


6 = 20.0% [6.861 -6.0701 ] + 41.93 |]. 86/-7.0544 | : 7.78 le T/keg 4c 


o^ 
ALTERNATIVE (Т SOLUTION 


[TCode 


\/1 = 1 // m? 
х1 = 1 

p1 = 40 // bar 
№ =1 Ит? 
р2 = 200 // bar 
Т2 = 800 //*C 


m1 = V1/ v1 

v1 = vsat_Px("Water/Steam", p1, х1) 
m2 = V2/ м2 

v2 = v_PT("Water/Steam", p2, T2) 


m1 * (u- uf) + m2 * (u - U2) = 0 

u1 = usat_Px("Water/Steam", p1, x1) 
u2 = u_PT("Water/Steam”, p2, Т2) 

v = (V1 + V2) / (m1 + m2) 


u = u_PT("Water/Steam", p, T) 
v = v. PT("Water/Steam", p, Т) 


[Т Results - Alternative Solution 





sigma = m1 * (s - $1) + m2 * (s - 52) 

s1 = ssat_Px("Water/Steam",00 p1, x1) 
52 = 5 PT('Water/Steam", p2, T2) 

s=s PT("Water/Steam",p, T) 
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PROBLEM 6.49 


KASOWN: A System counts іи air at e. Spec fied State Undergoes 
conttant volume Processes u. which fa temperature imereates 

We each Two Ways. 

FIND: la) "ushan Toca are to shirred als aba th’ cade ر‎ de ter nana. poe е меро 

Produced. Сю) Ubon the air i bed by А ncsevvoir af Huge tra КОСА. 

Т; plot t^^ entropy Qe dowd versus T. Compare and discuss, 


SCHEMATIC Q GIVEN DATA: 










Case a. Cose D^ а 
Т = 300K 
Re! bar reservoir 
4 
Geek Tp OR. 


— — — ЧӘН — 





ASSUMPTIONS: (1) The System consists of the alr. (2) Air г; modeled as an "deal gas. 
(43) TIn care la), Q20, WFO . Tu care Co), ожо, W20, 


ANALYSIS: The change n entropy of theair is required in the evaluation of 
T in each сосе. Thus, with date from Table A-22 and the ‘deal gas equation 
whieh Qives Р/р = T/T, 


Р, 
-s. = S°(R) -5°(Т,)-@ In & = 221952 1.70203- 2314 In 500 | к2/... 
5, ' z ) () Р, 1 1-7 — Зоо 0.3769 Vs K 


CASE QS An entropy bolance re doces Ё sive 
= d 
се.) 
= Ө +G = Bais -5 2 0.37079 єт/ К dd ر‎ 
As = (ау ЫБ E 
CASE bh: An entro py b «lance reduce: to give 
AS= & + бр 23 Balss )- Фм 
Tb T Th 


o 
To find Q, write an energy balance: AU = а-у. Thus, with data Ро... "T4 le A-A 


© . u(r \-actr) 2 35449- 244077. 145.42 | 
Ww 





— SB. о, 2709 — (45% d 
м T 


Sample calcula ge; When T= SOK, O3/m= 0.08 eT ea. ke. 
Eqvahmis) о potted below. Compar ang На 0 cadto ; we get 


(om) = Calm) - @+©+®/т). 


Thus, the stops produced ^2 وہہ مط‎ v always less than tan. 


RUNNY مل مہم‎ d hu shrrinj, The antropy Produced lou heting apron es 
4% 9^ hoy reduced shrrike ek (3 9c Asetryorr Чек ay a مورا‎ 
(ma the mak’ cally ) 49 "T —9 oe) А See the accompanying pt. | 


0.4 
< 03 
2 
Э 02 
= 01 
б 

0 

500 1500 2500 


T (К) 
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PROBLEM (. 80 


KNOWN: Energy fs Condected Stea dily through a copper rod from a hot wall toa cold 
wall. The rate of heat trans fer, temperatures , and geometrical parame fers 
are Speafied. 

Feb: la) Determine an expresion for the rate of entropy paeducthon within the red tn terms 
of зрее: fred quan hei, and Cb) piot Gu and fF Versus Lo for o given 
set A nemenieat Values for these quant hes, 


SCHEMATIC © GIVEN DATA: 


Qus кА (1-7. Yb (1) 






HoT WALL COLD WALL 
TH T 
l MUR TER Б. Ty = 600 к (327°C) 
Qu | | Qe Te = 350K ¢ 77 °C) 
kK = 0.4 eW kK 
A = оду 


ASSUMPTIONS: (1) As Shown tn the ассо v^ pany rng frs ure; the Sy stem is the. 
Copper rod. (2) The ус јел rs at Steady state. (2) The rod у tnsulated on 
ms lateral surface. (4) An ex pression for evaluat’ n4 Qu (s Provided. 


ANALYSIS. Ca) At theady State an entropy rate balance feduces +o. give 


0 * 5 ۴ è * 
Qu Фе ma Oe Qn 
A Ta Te Te TH 
Noting that the en ergy trauctert are рос’ іе n the directions of the Avrowsr, an energy 
rate balance gives Ос = Qu. Collecting recults 


2. 
: e: -T 
ç = Ox [t *] x К os (2.) 


Ду rf Tu= ©00K( 327°C) ر‎ = 85ък ( #7°C); к= 0.4-kW/w.K, 
A = олиме ) the voriatons of 9 and J with LL аге. 


4000 12 

800 1 

0.8 
— 600 J 
= x 

- = 06 
о 400 © 

04 

200 F 

0 0 

0 0.2 0.4 0.6 0.8 1 0 02 04 0.6 0.8 1 
L (m) L (m) 


The plots show that look heat transfer amd entropy productum vate делледле. 
cap dy w WA iar ho L. Qu decreases due to 9 едал гесуѕјомсе јо heat 
Hs рга ур phe Bow go of the vod (wcreases . the уа lation of di associated 

— Me сама — — giris oce dA en. , &tláx, тл ha rod. Hig her 
erature mf эо ; aT/Ax — ‘corresponds to high сагай of 
en fo —— ard .اع ن‎ As final point, 24. (2) above 
Mak d is sert ve illust — irreversible nature of heat 
СЕ 
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PROBLEM 6,8 


KNOWN: A System undergoes a cycle while receiving energy Dy heat transfer 
From a tank of water: | 
HIND ` Determine tha nm ns mum Fyheave hca Aardlume 21, te water for +h 


cycle t produce net work of LS уто? Rw. 


SCHEMATIC z GIVEN DATA: 


ЖИ Net es ee as tee Aes W МАГ = iL. $xio5 Be 












Water Tj 7 660?R 
Tz gro iR 


ыш. — — ——w —— — —— — — — 


MON ھە‎ Т2620°%% 


ASSUMPTIONS. GQ) The Systew if 


Composed of the dedic ^f water pius a оосу fec 
thor un dove, es 


e Set машы єз сіе. (2) The only ener ك‎ y tren еф vs loe ho eeu 
SYS e v aud  eaQcte are Shown on the Figure. CP) Kinchea aud ро е^ аі 
energy effect ave absent: (4) The (ао water vy 
with constant spect fie heat с. 
AWALTSLS: As thar water tempaa ture 
undov еў СА. или | h ple t1 od 
бео ¢ 


ило de led ду Ги cow pA S31 ble. 

fs tedoced [уо T C7, tox уф Күч. 

Fhe rule dhe eec cycler. “Tha energy bon lance 
AUF — Qad- W 

Ww here 


ЛАХУ ү + interred euevyy Change for le wa ter only lee Can gd 
+ Suinsys k m Undovgves cycles. Than ch assumpthm (4) 


me {т-тү ] = -Qud ~W 2 We mel] - Oot Ci) 
With £4. 6-14 5 an eno Vy laalauce yields 


AS د‎ Qe „її = me la =- Qot + T 
T 


> | E" 


2: 
t 


€ Ue олио (— Qos } be heeen Ca: CI), (2) qv 


"AN = mc C7, sle] + To me be E edd (3 ) 
{ 


Хомаи 5 €o.(3) fr vw , and кела Tht T= o, qo 


^A + de V^ 
cÍ T. 7 Te а daa do 
J 
Ski Tr 3 › ha ma ид) илали theore heak Mess “6 (АА д ter «22 
m W Ci. $x 107 BRA) 
moz — ل‎ a Oe 
i es ee TIKE (1 Bis GÉ - S20 t 5 520 Ye, 
Mud оз E iL 
= 9359 ib 


where С is v om “Table А -(9 €. Then | with Ws Ve at 130°F fy our Table А - ZE y the fe na м Un 
Volume ме {С | 


= А А d зү gal 
Vus? Mma - ( 4354 |b )(0.0163 d Cerca 


г {141.2 gal 


n ———— 
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PROBLEM 06. 2. 


KwowN: The temperature of an (^Cowmfwos ii ble substance of mass m and 
Spe ufc heate «c Asdoced. fm To te T («Ts) by a {то дела cycle. 
prn: - Plot (Waun / n € Te) Versus T/To, where Wasin ما‎ the Hee mun -theore tr cet 
work input Asquired. 


* 


ScHemaATtiC Rowen DATA: ASSUMPTIONS: [. Tha sy stew shoum 
th the ACCOMan na hs ure vs Co wpe ted 
of an in Compre $31 Да cuhitnuee and 
a system that Undergoes a Ге frige raho 


terg erator 








Substance 


i 

i 

— "y Miet at cucle.2.Tha cycle discharges energy 
| Ts" % = To ko tes surroundings at To. 


— елар — DB — — — — — —— 


ANALYSIS: An energy balance gives (-W) = AU-Q, where AU is the change 
in internat — 1 cube ta nce because (Аг), се = 0° With Ga. 4.202. 

CW) = mc| T- TJ -Q а) 
Ал имр balance Axe ds AS = (© /т, \ + S7, where AS ts to — taa entropy 
of the substance because (AS) cycle =O . ui E4. 6.4 


nen] = = Q +т > = To wc (F) = Te V^ C2) 
To To 


Collec Kng Eqs- CU, tt) 


T 
cu = me [TT] -Tmc (E) + T» 
Sin ea >о, pha naana mun wore wp at сокса? ممم‎ da Б vV-—O, 4:9 


bo. E = f W natin т. (3 
Wane me L T- To = То T | Е сет = т. — Те | 
риот“ 


Wmin 
тст 


(T/ Mo) 
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PROBLEM 6.33 


KNOWN: A can of Soft drink is cooled by о. syste ny, undergoing a re tri дек 
ation cycle that receives energy by heat transfer fron +h e. 
€ of + drink and dis clave es energy by hea + traarter to the Surreon dng с, 
tob Determine the Minimum +theore tical work required: 


SCHEMATIC GIVEN DATA; 


soft drink: energy trans fer 

0.3544 by heat at Tp = 243 (20°C ) 
. o 

i да: Surroundings 

Ч > $*C at 20°С 





ASSUMPTIONS: (1) The tyttem Shown in the Accompanying fv 3 vre is COM pose d of 
two tvbty chems: The tan of sofj drink and a тус te m that Undergoes a re hrs - 
evahon cycle, (2) The cycle discharges energy by heat frausker at To = 
293K. (3) The soft drruat can be modeled as an ra Com press ble ($ vid 
With the proper her of Wwater, The aluminum can itsel f can be ignored. 


ANALYSIS: An energy balance gives (“WN 2-@ + eU where «MU s the 


Change in rternal energy of the Iltqurd be cause AU leyctie = 0 and the 
Can і; ignored. Thus, with E4. 3.200- q^» Work input о 


(= W)=-Q + mc CG -T,;) ч) 
An entropy balance takes the form 


AŞ= LL + c 
Th 


where AS fc the entropy chauge of the liquid be слиз DS Jeyete = © Aud РЕР 
(+ (vore d. Thor, wm Solving tor Q andusing Ea. 2{ 


OM: TaS- oTr: а га cz) 
Subst hhng 4. (2) iy €4. (1) 
cas me [REE eu] ee 
Since Фо, +h work n put (-w ) с A mumin when 072 0, giving 


Cu: me LT tn 2-7] 


With CRALET/Kg k from Tahle AIQ and vel ewlg from Tarte A-2 


(л), € | (0.2544 ا‎ | | 4, X je e )K 4.2 sS ) [> In * + 276-243 ic 


= 0.591 KJ Se чынынын 
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PROBLEM 6.¢%4 


KNOWN: А turbine iS located between tun tanks , initia ily one tank 
iS filled wrth сед and ha other if evacuate d. 
Steaw vs allowed to f lou- through the turbine oadi 
€q uc librium Uf establos hed. 


аә) « Deteyvuune the maximum лао ге at werk Hat canbe developed. 








SusmMatic? @ivcn DATA: 
SSS AN en ee 





Чиа ily 
e Vacvated 


fe ee LIUM | 


ASSUMPTIONS, CU) Thae Ty Stem ic c hewn oy TU dachad l'iue above. (2) Het 


dco ws C Caw ler ignored. (3) The ФАМ А Gnd T oA States مەه‎ 2&4 ог l rivna 
States. А+ this Frnet Steet. a verf of Sttan ce, toed col tuus toa 


turbine and interceuuect’ng Pip rs can Br Guerre. 
Ае лыс. An euergy balance ла сег te Qty = BW, or МГ = m (ui-u) 


Where mz NA. Thus, witty Tham teble date, Ups 2709.9 KILKI, v, = 0.0771 wil kg, 


У 
S = 6.4462 єЗ[єд>К, 
3 
_{ loom KJ _ Ct) 
.( eo” 2709:4- Ue) EF = 1297 (2709.4- 42 ) i T 
(se ә) ( ) кд l ) 


The fet Spe «фус volume vo 
поо l.og4g]ws — (2) 
м. = Va + VB. An vase = Co. orn سو‎ = 0. = 
i © МА о * 
* — 
An en tons balance reduces to Аз = f 6452, +r - mlS -s,) = 9— сз) 


Ry tas pechion of Е4.С1) , then maygyimuyum Vata of W < attained abd ч 
Assumes thea smallest allowed Valur at the Vola 4. Va pen by Є4.(%). Since 
o u and S change w the came Ureche ot fixed V۷ ر‎ the swetten atowe d 
Volar fr- чэ. corres ponds Һә + Suo allowed Votan far 82. S ine 29, 
Eq.(3) pre rata Valua 4 S» сөнге лә G T 202 522 51. 
“Ths бл. 5-6. ns Steam 0 then fixed eq! V2 2.2481 m5] ko | S4 2 0.4462 eJ] ka- K. 

As tis parol independent сереге: is Шы ке to use wrth 

tabular Sto. tabte data, TT 0e ирода с Û обои Чә = 2270 KJÍEo, 
Re меми & 64:9) 


Wmax = 1297 ( 2704.4 — 2230. ) = 5.71 X/0? KI е —— —— —— 


The final State c a tun - p ee Liquid -vepor Vr have 
to: Te. Ta = 117°C} р = 1.515 bar, ү 2, = o: 8&3. 


When d^ enhre problem c Sol ved Usins IT; we get 
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PROBLEM 6.8¢C Contd.) 


IT Solukta?’ 


р1 = 30 bar 
T1 = 280 °C 
VA = 100 m? 
VB = 1000 т? 


v1 = v PT(Water/Steam'", p1, T1) 
ut = и PT('Water/Steam", p1, T1) 
s1 = $ PT("Water/Steam", p1, T1) 
m = VA / v1 


W =m * (01 - u2) 
v2 = (VA + VB)/m 
S2 = 81 


v2 = vsat_Px("Water/Steam", p2, х2) 
$2 = ssat_Px("Water/Steam”, p2, x2) 
u2 = usat_Px("Water/Steam", p2, x2) 
T2 = Tsat P('Water/Steam", p2) 


Note: These are the IT results when the entire problem is solved using IT 


T2 117.2 
W 5.707E5 
$2 6.445 
u2 2269 

v2 0.8483 





|. When vis fixed, the first TES equa tim — ЁЄ4.б.12а — reads 
TdSadu. “Twas | mee bn (А and S Occur in the Sa m e— 


directio. 


PROBLEM 6.85 
KNOWN. 4 gas flows throug ^ a one inlet ,one ext control volume operating 
at steady State. (deat Hans jer Dey takes place only at temperature. Т 


Find: For each of Several Cases, determine if the. change гм spes: fc. en ops frou. 
inlet to exit Fe posit pve, hesahve, or Гл deder ina fe 


SCHEMATIC T GIVEN DATA: 


ё 
e 
\ o 





Assumptions: (1) The Control volume shown tn the accom pany rng Figure 
opere ts at Steady State. (t) Чат drans fer Occurs only where the 
demperatvre i£ ТЬ. 


AWALTSIS: At steady- state Eq 6.42. reduce: То Є 4.6.44. Then, Srnce 
Wheat wans fer takes place only at Ty and there гу a Sing le rulet aud 
Single e«t, the en tropy rate balance. becomes 
О = Qv + (5-5) + X 
Te 
So WW ing for tne change A Speer frc tn tropa frow inlet tè €» € 





m Tb M 
Ca) Tey = O, Q cv 20 
$ و کنر‎ 5: 2 5, 
5, - $1 7 2 
Cb) Tey =O, Qey <0 . А — —Ü 
— — — 
5..5, = Qey 
Tu 
—— 
сс) Tey =O, Dey 20: А 
$17 $4 = Dev + 46 > О < increases 
м T4 MA 
post Hve 
Cd) Ty DO , Qey < О Ие 
Oey Civ indeterminate without «са, 
$27 5, 2 м Th Se on in for madi on abeut Qu Ti 
» ' 
9 ш д; 
weave — porte cv/ m 
e н \ 
° | — peer” ` s iueveajes 


Qev T Tv уб 


oe m 
lb, V, 
positive posi ive 
or Zero 
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PROBLEM 6.86% 


KNOWN: An insulated turbine at Steady ctate has Steam entering at lo ber, 00, 
SO mjg ana ex Hg at 0:35 bar | (0 The work de ve /oped it Clausen” 
to bela) 1000 ¢ 7/69, Co) 500 kslks. 

Foo: Determine £ the Сагил can be correct. 





SCHEMATIC £ CIVEN DATA: 


/ 2 T 


сыр ног Pa = 0.35 bar 
тү=@0о С 7 V, 2100 m/s 
V, ®$ое% — 


{0 bar 







0.35 bar 


AcsuMPptions: C) The turbine Operates af Steady -Sta te and vt well-intule ted. 
беу Poken Hal energy ef fects Can Фе ignored. 


ANALYSIS. At bns ~state the entropy rate balance reduces with the wass 
rate valance! Hy, = W2 = cm t give и 


© QA. т (31-52) + Tey 
J 


$179, = Mev po 
^ 


Trays, 


Accordingly ر‎ the exi ting tpeer Are entropy must be greater than jor equal t$ ر‎ fhe entering 
Speci Ке en von. 

Fraw Table A-4 at [0 bar, (500°C 2 s, = 8.0290 k Ilea. (С. The exit Spe u Are 
entropy that corresponds to the claimed work Value Can he dedevi ined 
using an enevgu rarte balance to fix State 7. Жы Дш steady ~state 


oe ’ А 1 hs 
О = Ma -We + m (hih + Мм + 38%) 
Solving for he | and ~~ ar fe ow Table ^-4: h)= 3041.93 кї/к9 
ha = ~ Wer +h, + "E ЖАИ = = ESY + QU + at - (noy Е ЕЕ |= (o3 M^ 


u 





= - Wey + UM © 8 C1) 
со) Wev | m = (000 evjeg. Eq-(i) gives №, = 26897. e2/19. Inberpolaming w 
Table A-4 at 0.38 bar сә (c th hy aves 5 = 7. 8¢(,8 к2/ ко K | Since there's 
jau ي‎ lees than S, the Clermed Velut cannot юе correct. 

со) Wev/m = S00 k3[|E9. Eq- 0) gives И, = 3144.77 Ko] eH. Tatecpolatns 

€ 

ve т. ole A-4 ak 0:35 bar asi Te Wr Gives s, 28,8487 кО|р+. K à S исе dts 
value ts greater tran Sı, {ме clo ed value could be 


Cory e ct. 
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PROBLEM 6.84 


K^ ou^. S Heady State operahng data are provided for a S team tuple: 
FINDS De ternune if ether or both 









of two aiternahve Valsa fo ~ + na 
Power developed by th turbine can be correct. 
SCHEMAT Civew DATA: єў. 

ic & e TA байр ЫЕ ASSUMPTIONS 1. The 


i con kel volume Shown 
س‎ ¢ Wey 





T 2. of liu in the а cco aa 
| figure tS at Stea `/ state. 
© acc (2) h, decreases 2. For ths contro! Volume, 
= t Е . i 
vex do Pme УЗ ш duco and changes = 
Тү: S00°F : 


WKinec and poten hak tnersy 
"= 30,000 ib. 


Can he i$ nored. 


5 


ANALYSIS) Tha mass cate balance reduces to ил | =m = ил, Then, with GS foro том Z 
the nergy rate balance. re duces to pre 


Wey = ^ ( hi- he) 


а) 
Since Gic, cO , tus л мору rats loo len ca Arcchuces ab Steady Ste to yu 
А 0 . 
O- LA T м CS, - $4) + Vey = $2 - 35, - Со | m C2) 


Method LL. Eq. ft) indicates thot Wey increases as 


ha decreases. Taspechom 
of Table A-YE shows that h, decreases ао S decreases, Thus tee e mun 
улоого 


Wey Corresponds +o +e vn M V An +heore X cat va Jo cn fer ^; ) 
Waitin corresponds do a wu num allowed Vadut for S2. Sener Tey 20, G4 ۰C2) 


shows thee He ИАДА vow Valus fa- S2 corres un d t Tey TO رف مم س‎ 525). 


From Table А-ЧЕ, W= 1214.1 Bh/lb | $= 1. 70 FS Bh/lwo.oR. Tha State Sz fails 
i^ Ме бло -phase Ae ла: Wha Vates er n. Tete A-3E 


Su- sp __ VRORS- OTT 0. $34 = has = AY4.02 40.894) 1022.1) = 992-4 B № 
Sg- $$ 34$ 
Tarn, 64.60) yu 


¥253 


| p 
‘ » i — e — — — - © 
Cuev)mays m Cima) (30900 lb. Jut — 442 087] етм = 3380 hp 


x^ dum alternahves, only 3080 Cow he correct, 
ef ) 


Mehed 2. , The given power values can lee used t а.е ҷег илла Tey. Thus, ef 
Wey = 38ooh p Eq. С) qa мао م‎ rearrangement 


t 


haz hj Wey = 1274.1 - (B822 IDEA азыл Beil 
w 9, 000 lbjh і ир 
тием | with dod {еи Table А-3 С 
ка = мъ. 4567 9002 = 0.344 25 822 0.1754 o. FY (iN e) = 1076 Br 
^ io22.1 


Ib oR 
Ww, dw Ca. (0), 


Филд = no-s Lera- or ) - 6.061 Bll‘. 
| Ap Caunet Da Corre ct 
But since Geyim Cannot Ды nogyt ر‎ tt powa VAIS 3goohp ture 


Using phe Valua 300 م‎ у TH saw حل مم مد‎ QU» сии 


70 ) and مسا‎ 
Wis Vae А allowed, 


67S 


PROBLEM 6. 83" 


KNOWN: Air enters and exits an гага Реб turbrne at speefred pressures and Зер aratures, 
MD : Determine +he work developed per Кд of air flowing, and whether tke, t^ pant son 
$ internally reversible, frreversrble , or tmposs ble. 
SCHEMATIC € EWEN DATA: 







AIR > 
PS bar 
Tz Wook (63009777 Tz = 00K (327 °c) 


ASSUMP'T IONS 3 ©) The tur bine operates at steady state and is weticansulated. (2) Change 5 
in Jevetic and potential energy From inlet to exit can lee neg lected. (3) Arr ít modeled 
0 as ом ideal gas. 


ANALYSIS: Ам energy rate balance at steady state for a contol Volume enclosing fhe 
turbine reduces with a dn rate balance : amg 2 й to give. 


0= — eo Lhen + M xe. yix al) 


Wey = hw, - ha 


WA 


Then, wrth data from Table A-2 


om 





— + 1000.55 -007,02 323.33 0 s 


An entropy rate balance at steady state gives 
0 


6 = LA + XU A) qm, 


b 


м 


or 


Were tq G.2f e. and. daha from Table A— 22. 
Tw = $C) ~ SCT) ^R dan Puff) 
A 
зч ee И " 
2.4000 —24209 — Seay MGS = 0.0144 (eX / E: K 


Sines Tev/in Ù posvhve , tr sx@ansio w irreversible. I, tha Swat V АДАА 
Suggests vx pont ien арро aches (daa РЫ ty 





4. From Table А-1, the сь сод pressure "1 ow ff р. 2 377bar and the cortical 
temperature (5 Tet 33K. Tres, at the inliet and exit ر‎ respectively 
&:S 
Pat = 37. — Fer 2 TE = 0.027 
Th = = ч Т, = (299. p S 
m uS 1% me Y ادما‎ 


Referring to Fig A-t, {hece states fall into the region where the deal gas model i's 
o ppropr-ate. 
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PROBLEM 6.89 


KM OWN: Steady - State operatins date. are provided for an R 34a, î As 
Fimo What can be said about the direcho of heat transfer behveen he 
Co ssor and us Surrouadings 7 


Чор! > 





+ 
~ WOOF 
i4o0loflin А 
110°F 
5 
ASSUMPTIONS: 1. Ths Control. Volume. shown ua tha figure operas at 


Steady gi. 2. (CAeWc and (046 л ho — 33 effects Can lao i$ (ore d. 
Ado A UTE en wati? and машы, ус balanced 


Q=W (hh) 
м ^ 
Us doe (r^ Toetoe A-0E, 126G 


E = bad + (1.53 — 102.47) - hcl + d$ 6G Gi 
үм м Ww tb 
© 


S ہمہ‎ Ww. must مط‎ inut, Th dite chien 7| Q [ул © de ternuned o 24 ma ума had. 
w^ 


A W/m, lurni vena Tarang HE te an беге үа. оа [аис 
о> Y a ela Se, 5 2.31 2 Cm E 
J \ 


(о (dn by Gta da tw 


jg - S-S, - Gyn.)‏ ل 
A р‏ 
` ) 
—о0љы$ ) ~ ( Tev uk )‏ 1206 .0( 2 
Fev/m ) Si I^ <O‏ — 0.0013( „ 
Twas, €^ u carried out farsa Com vol vd lume 6 heed tra reper‏ 


The derechos 4 baat trans > с, {лл Ha comhol volums fo + 
Surroundings, 
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PROBLEM б.40 


KNOWN: Methane gas enters and evits а Comp restor operating ax steady State at Spre- 
fied Fe mpera tures and pressures, 


— De termine the Ak 4 entony po to ch'o. 


SCHEMATIC T GIVEN DATA: 
_— —— a 





SRA NE 

die GA 
T2280K , J $3286K 
р. | ber Р, = 3.5 bar- 


ASSUMPTIONS: U) The Control v due operates at steady аЛ. . (2) The methane rs 
modeled as an ‘deal jas. (3) Heat wanfan with Ha surroundings i her's: ble. 
ANALYSIS: With assumphon Зу Te €«epy rate balante reduces at 
Steady € b. to 

è о 4 * e 

Q = 2,45 ما‎ vA CS, -5,) ج‎ Tey => Tev = bn (5.-5,) с) 
T: 
4 


V Two Chen us spe“ en Wor) гу evaluated osias C4. G.(4 and Go (T) 
ewe. АХ А-1 


Ta 
CT) -RA №. 
Sa- Si = | se dT- К P 


t 


T 

= Rf re Tarte 573674), - R ^5 
+, T І 
} 


Te л. 3 -Rin А 
oR) (бв т see Jar P, 
T, 








4-15. 
а 4t ast ] -rah 
. امه ] م‎ + ptt TA = Tue پک‎ 1 F 
350 *- 580) 
- (8.314 «I VÎ 3.826 in 980 _ 3.979 (880-282) + A4 sso ( 380 
74504 kk 2.80 105 2010 
| 555.2259] - i 2 
- 22.738 (390 - 380.) + 6.963 (380 - n 
300) 4a) 
KJ 
= 3.34 ЕЗ | +387- 1253 | = 0.053 9 eg К. 
16.04 Es K 
10,4%. €4.Cu) 
TN DOR E و‎ 
Gua = 0013 e 
. А ifayrnatively, eno чт eae me 
р1 = 1 // bar 
Т2 = 380 
р2=35 
dels = s2 - s1 


51 =5 TP("CH4", T1, p1) 
sS2-s TP("CH4", Т2, p2) 


/* Result 
dels = 0.05407 kJ/kg-K 


gi 
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PROBLEM ©. 91 


Cnowal: S ted - s tote operating date are provided fæ a well-tasu lated 
device Co. vv 414 aim at a Known mass fow rete. 
Ere: Deternwne the direc tron of flour 


and 4t power capot 
or output, 


SCHEMATIC T GUE DATA. 


power she 





: loar ' 5b 
Yn ; 105 " Goo ie. nd 


E | 1660tw c : | | Smis 
| | 


ASSUMPTIONS: C) The cumtrol votume Shown w to figure (S at stead, 
state { C2) Tor tn Com tro} VOLU mt , Q ey =O and poten dA Ruergy effect ave 
ме; lig: ble. (3) Aur г: veda [ей ar an wadeal gar, 





AMALT SIS? Divechouality ^ a. Se cand lacs aspect C Sec. г. 1). Thus, a3 SOME 

a flew direch on and op ply awn en tro py balance. Regarding fis fesur 

фо kba ha. left t req 
о 


O = XM. va CS, - Se) Tev 


ә 


U ا‎ A dus, А ge Ал. a h ^o and data Fr nn Torte A-2 


, А — 
Чоу ~ Se- ig s°( Te) — S(T) = Ё. Жл 


2 7 ® ten “KD Е 


= 2.84856 - 2.40902 — 7.214 Алл S 2 ¬ 0. 0223 K3-ic. 
22.47 


AS Sey Cannot ba ege hus ‚ te direction et — u os t ka Grom aight to Aft -— 


ile 


Аер! чим . Wass and و ر‎ ra te D و‎ wil dad, frm E 


Ney = Ter av — 


(ve iti" j3-— Go? ou ) > + (Cs ү ол —WR Ys] 


lo KS 325.44 ЕЗ — 433.49 = | 
ea a F9 


ЕЭ 


= (740% kW 


J 





Hu 


E 





OAL 


PROBLEM 6.4 2& 
known: Hydrogen (Wa) 5 a enters an гири [а ted cartel volume Operating 
ed Steady State at 35°C and pasture р. exit at ЧО °С, L 
and Maf exits at -20 °c) 2 Бог. For the сојуг luwa) Wey =O 
Eind, Deternuns the wiwimvu= a lowed Vola for р: 
SEKS MATIC A CGC VIN DATH: 





e 2, * 2-4, ® 
P= 2 bar 22 152 201 
Н 5: 363K = (4.3 КЗ jeg: IC 
Ji f > 2bar 
&: P 3 
т: 30g К 7322556 


ASSUMP Tons. (1) The control volume Shown tn the. accompan rng fi's ove 
operates at steady state. 2) The effect: of Егле ће aud И ОЕ e nergy 
ore neshigible. (3) Hydrogen rs modeled a; an deal gas wi th Con tfan t Cp. 
ANALYSIS: The given in forma hon mutt satisty the Conserva hon of energy 
principle. Thus, with Qey = Wey о and atsumphos | and? an energy 
rote balance reduces Ф "ve 


‚о, 20 
© = Ba -WG + mi hymen hy -M hy 
or wrth w.2 M32 м. ә. 
Ох h,- 4h, ~d hy 


As Cp is Constant ) h = Cp CT- Tef ) 1 where rel is an arbitrary ye ference temperotule. 
with this фе ha, Ma, and hs the energy rate balance уе; 


Ta ido ci na the given temperatures 


" _ 363 253 x n= 0 ~26 
О -30g - 242 — 252 — о = 308-181. S -luS 
“Thus, the conserva Ч on » energy principle у Satis fred. 


Turning next to ise tecond law, an entropy rate laalanceredvees G gire 


` 


О = tot» — Wy Sy — wg S; + Tey 
Witt. Ma tM Mif 
Os ils) + 4 (з-$уу-+ Tev 
an 
Into фос сту C4 6.293 lot TA Р, = Pa and Р, > р 


озн Е Тл (epee „кыр | гс 


> ме Sa). E m ans) el) 


ae RB/ R 2( 8.3'¥/2.01) TIE 303x 253 


i rev 
= 0.05072 + (Же) 
Sinan 0, =a * ۴ 


| > p= (212 ber) ex PL R- ) min, pressure 


Where Soy | w 2g. 702 we thse Aunt م‎ Tev|w > О ) —>у 22 bar ————— — 
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PROPLEM 6.93 


коши Ate enters an fwsulated Contre) volume operating at stead, state 


at 20°C, 3bar . А Stream exits at 60°C, 3.7 bar, and амоли Stream 
eyits at ose, 2.7 bars For the Contre! volume Wey =0. 
Feb: Deavde whether the device can © perate as descr, bed. 


SCHEMATIC F GIVEN DATA: 


=| 2 he 33 к (60%) 
A: 2.7 bar 







Ti: 293 (20°C) 


3 тыз 273k (0°C) 
Раоа Û 


ASSUMPTIONS (1) The control veto me Shown i'n the accom pany rag f'g ure ope rates 


at Steady stete .(2) The effets of kinetic and Pofenh'a/ energy are 
wegligrble. (з) Arr is modeled as an ‘dea | gas. 


APMALYS (G7 The Conserva ton of Wass and energy Prine: ples and +he Secon d 
lau must be pa hs fied for the device fo operate as descr, bed. 
At steady -state J the mass rate balance reduces to grive 


“ү Mating с!) 


At Stead, state, the energy rate balance reduces veita Qey 3 Wey = О 
aud ast eve pi^ 2 te 4! ve 


© 0 
О TARA + ^^ | и, — Wy hy n bay h? 


6 2 mih — Муй — му йз Сг) 
Letting y? ^2/w | ) 64.C) and (2) Cow rne G yretd 
hi he 
With data fra, Table А-21 
248.2 —273./ 


42 so ` 0.334 
335.3 - 273, | 


0c 


3 


Accordingly the Conservation of mass and Energy principles require that tae 
wast flow rates be ia defn: te Proporhions: ГГУ 0.974, eM 0.666. 


An емһору rate balance at stead, state reduces 1o give 
О =. ER M S KML o, 53 + Mey 
y J 


Gey . изу + BES - Ъ, 


wr 1 м | "1 


Thag 


G-4)5; 4 4 Sa —Ў, 


1 


Gy-5,) жч. 53) 


Then, Weh data fru. Table 4-22.) and using Eq. (.2lo. | 


۰ - B34 Дл. 2+? 
Te. /L6073- 167473 - $36 ал) 4 0.334 ( 8064 - |. 6073 = 
We. (16073-10778 - ЭЧ LL аз) = жи Ais) 


=(=- 0.0669 + 00607) <O 
The device Cannet operate ag Чао сү. bed : 


94 


d 
PRORLEM 6.94 


KNOWN: RIZ enters and ents a compressor Operating at Steady atate oct spec fed 
demperadurer and pressures, The ambient de e ре ra tare ie also speeed. 
The «2quires. po urar input о Charmed to er 2 o. 
Determine whether this claim Can be Correct. 
SCHEMATIC $ GIVEN DATA: 


FIND ’ 





To? 530*R (70°F) 
Wey 2o hp C claim ) 







Steam i ux 
Р 20 log / &: («O tbe A 
TEGO E R= 20°F 
va, = 250 lb [A 


ASSUMPTIONS: LI) Two control Volumes at steady state ave considered. One encloses +h 
Compressor. Tha other ewctoset the Compesdlor plos o- portion of the nearby sarr— 
ounding 5 so heat transfer occurs at the ambient temperature To. (2) C hanges “л 
kinehe and potentral energy from inlet fo exit Can be ignored. 


ANALYSIS. An entropy rate balance is used +v deferv rne :{ the claimed value 
for she power Input Can (e corpect But fivgt consider a control volume enclosing 


phe coms SOT, and apply an energy rete balance +o obdara the heat transfer . Thus 
with mz wg M 
EN | Qt 
O = Ge, - Wey +m (hic hoe VEN + ate 2)) 


ү 
With Osfumphion 2. and date from Table AAE 


Gu Wey бе (72 hp) | 3339.85 4 _ = 
шот wh = 7 (250 lb es + (ly AG - 01.88 — 273/14 Bre (To 


As the vorcation of temperature over the surtace of this control volume is 
not spec: fied j whe entropy wans fer accompanying heat trans fer Canvnet be eva lua le d 
wrthot further information. Accordingly consider an ем дру rate balance for 
an enlarged contro! Volume enclosing the Compressor pius o. portion of the nearby 
Surroundings so heat traus tec occurs at the ambient tempera ture %. That (f 

Oz Sr p (5,759) * X, 
o 

where Tey vepresents the rate of entropy prodoc Hon within the enlarge d 
control votume. With data Lean Table A-4C 


: , М ~ (v3, Q4 We /lb) S^ _ S. 
TRO ~ 257 saos, - Au + OUT 0 X wen 


(D = — 0.00221 Btu /Ib°R 


A 
As Tey 2 0, the clarmed volue fvr the worle ги put Cannot be Correct —— 





|, pote that thre caleutatuad value f~ Souja rs hot fer tthe 


Commesvor alone , huo fv o~ aan Urga d Cm tro (lvl o wt. оф. ço nne SS or 
Plus DENEN SUND v dà w $$, 
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PROBLEM с.95 


known: Operaehng data are provided fr ammowa throttled across a Valve, 
Fao: Deternune dva nata of entropy p reds ct! on. £f the valve were re laced 

ha ^ power j -re covers tarbine, de fernune T^ rents AA UI. +e ove fi ca X Power that 
Could ie. developed. Weutd Yor Ascommend the oct J Such a Tuo ina 2 


SCHEMATIC T GIVEN DATA: 


turbine 
mz 0.06 Kg e x 
2. i 2. 
— — Da —» 
Sat. qvid at Ibar sat. liquid ibar 
7 bar ot Tbar 
t lear ! lear 
т т 
2 } as 2 9 
S 


ASSUMPTIONS: 6) Control volumes enclosing ие valve and enclosing the. turb: ne, 


Operate at Stead y State. (2) Qey то, Ond kinetic and potenfial energy Changes From 
inlet to exit Can be neglected. 


Awarysisi Considering the valve First , the expansion òs a thretiling Paoecess 
for werch hy = М, ( Sec. 4%). Thus, State 2 rs fixed by p, =| bar and hz h,. 


The rate of entero py Production can be evaluated fran an entropy rate balance 
Wilk un о. steady state reduces ол wm, 2 Wis о 


о 2 " 
0 = УЕ xa isa) > Sey ™ ОС, = Ga-$, ) u) 
J 


From Table А-4 at 76ar., S,” 0.9344 k23[E4,.€. At at Ty hash 204.09 EI, 


Than. 
~h .64 — 29. 
X2= — = See Я ода т OS 
Ng - AL 1370۰23 


Tra 


Sa > Sf + a(S gf )7 0.141 + 0.158 (8341 -.114{) 210229 kek. 
Thus, o te 64:60) 


i kW E -S$ KW 
Fey =(0.06 £8.) ped (%:4 -0.9394) E. | — [s $.35 X10 E 


т 
фо € i 


Tf the vae ‘vs re placed by a turbine operating at steady State, an 
€» erg y rate balentcC reduces with att ump hon 2. to 9ге. 


Wey = m ( chu) 
An entropy rate balance gives Eq.() above, Ag h = 244, 67 x J[ky J the work developed is 


ym (0:08 KON ayy. 64— hi) ES - (2 
We = (99% PX Y 6 ) 
Accordingly р the power deve loped increases as ha decreases. Since S4 2.5, , the 


Smallest allowed value г has y Corresponding de the state where S2 5, 1! 
Shown on Фе sketch a love, The quality at State 2s is 


fog Sas- SE ے‎ 0.9394 - 0.114! 2 о.134 2) has he axes (ира) = 28.18 + ©.INT¥)( 1330.23) = BEF ED 
54 -S$ S.6 79t- 9-14 
Tan 6642) qu 


W 
Waja (2: OG Ka) 2+“ СЯ - 2-67). | э. 0O.0LK uJ a ci el ww) 
MANY eo 4 ax 


This o!» a Jv. potent az to develop power. More oes, the — 
л irceveratni bea w an achad осол = доо covers pies LONA 
ndwe fre achat powa беке уо А het Tu Co fau ee a dd vale. 


. ` f ло Covey Ter brna 
Generali | Cre М hà ра thin a wer 4 
XRX be AQ comm — 
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PROBLEM 6.46 


iet ous ^: Steady-state орег«ћ ид data ore provided for ом air tkrlo гле. 
END: Plot th, Work developed and entropy p-cedoctroa j each per oct 


mass of air flowing, versus the turbine ext temperature. 
SCHEMATIC & GIVIN ATA: 





о \ 
0 5 ww 
ái T i-a: сен tvopic ex Pans ion 
l= 6: ty pica €x anSron 

= L~ ¦ Ne work case. 

f, 3100 lef | =2 ؟lbf‎ 

MG me 

T= looF N Т, * 


ASSUMPTIONS: |. The Conto! Volume Shecon tn thre A Сао mf An ng fg ure s 
at steady sht. 2. Br +h Con trol Volume , Qey o and Einehc /p« fe «fot energy 
eect are "ех bee. 3. hc û needed an an deat 945. 


Aw AUS; At Steady sto) ЕИ ОИ and entropy ft. balances seduce 
ode shied assum p fous +o qe E 


Wev - hi- he ©) Озу . S-S 
2 } 
v^ W^ 


Sin ca Gev/ m x0, we have S2 2$;. Tas pe chon of the [=< dik gram Shows TAS, 
X^ lowest allowed axit tempera ture ĉorrecponds to 5325, | fr which St, =o. 
Since Spe Mat enthalny at the anit depends only on Lion: ant temperature («аа 
Gas иода), process 1—0. alto cerresqu de du the maximum hegre cut Vota 
fe си ҝл. 


Tha maximum amt temperature corresponds to the 2 wo work: Mu shy 
(a Ато Кла process). Since М (Т) fr an ideat gas, dis case -— Process 1-С -- 
has Ta =T; 
SAMPLE CALCULATIONS |: Process Ia. Eq. 6.112 give with Table A-22E data, 
5°(Ta) = SCT) + Rt Bfp = о: 2095 +¢-486/2897) Le (23/tev) = о. 51946 Bts a Tas 277 °R (-83°F) 
ha = 8145 Rh lb. Then (evi Ja = (33.86-89-95 = 43.91 Rh llb. Paocessi-¢c: RT. 
Tw, wit Eq. 621. j (<, ру, с = s? Бади" Ё IP, = - (L486 ум, (25) = 0.095 Gh 


boR 
IT Code 
Т1 = 100 //°F 
p1 = 100 //Ibf/in.? 
р2 = 25 
Т2 = 100 
mdot = 1 


Wdot / mdot = h1 - h2 


h1 = h_T(AiIr", T1) 

h2 = h_T( "Air", T2) 
sigmadot / mdot = s2 - s1 
s1 = $ ТР("Аіг", T1, p1) 
s2 = s_TP("Air", T2, p2) 
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PROBLEM 6.96 ( Contd.) 


Data r Иле following plots ave generated by sweeping Т; from -( 00 do i20 
[и steps of | °F: 


hot allowed! Toy /m > D 


J 
45 
— 35 
ES 
E 
m 25 
E 
=. 45 
б 
€ 
5 
not allowed. 
А 4 Wev/m 290 
-100 -80 -60 -40 -20 0 20 40 60 80 100 120 
T2 (°F) 
0.1 pet allowed * 
Wey] we 20 
0.08 
2 
- 006 
2 
мә | 
jj 0.04 
Е 0.02 
> 
<) 
© 0 


net allowed ê Tev/m 20 





-0.02 ' 
-100 -80 -60 -40 -20 0 20 40 60 80 100 120 


Т2 CE) 
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PROBLEM 6.7¢ 


KNOWN: Air enters an insulated Qiffuser operating at 
- 29C ر‎ 2-60 м/5 and ew: at 150 м/5. 
Determine (a) the temperature of the air at the екг, (b) the mari mom 


attatnable  eyrt pressure. 
— pressure 
increases 


Steady state at 1 bar 


Find: 





SCHEMATIC T GIVEN DATA: 


2 
N 
i УІ = 
Re I bar NS» | BR 
т лок nq We 
a "d 
Мем >; 0.6 bar 





ASSUMPTIONS: (1) The diffuser operates at steady state and ту insulated. Ct) 


‘The change in pokenh'al energy from smile? do eyt Can be neglected. (3) Arp 
їз modeled as an deal gas, 


ANALYSIS) At Steady State mewal and with Stated asso ons an e nergy 


rate balance Лаб осе ғ + o в 
` o 
, ` x 
i DUC a dt eh 4 W-M 4 40 
© ا کاپ‎ TM р) 


№ - hy + ме” 
2. 
With Wy from Table А-22 at 270K 
hy = 27o. + (= тө үзүн X) 
те Ма Лежан А. озм 
з 244546 кз /е9 
Table А- 22. then gives T; z 295 K (22°C). a * 


or 


An entre MX. о адисе Anducts јр Asad 


Хм сл. TwZ О, S2 > S}. For faxed ex: м temperature T ( and Hauo fixed 
exit уе (осу Vr), the — — Ts Ai agra w pho ws theo Tue Е 
мәм лл allowed Lx: t үн ое Co reet ponds qe the Case $2, =.5, ‚ (o 
de ens Ha (^ еге, hs, чал 6 9. о. Lla to write 


о — (°CF, 
o= S°(Ts) - s*CT.) - RLA бз m ou ىل‎ Ёз = S (Tr) — 51) 
е, Р, R. 


(oc fe de de Tue А-21- +6 Тс оўо, T; :24Yk 


۴ 
In hs _ (68S —L310039. = Ase 13030, = 1.363 ber Ch) нау 
d (5.3/14/18.4% ) 
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PROBLEM 6.9 g% 


KNOWN : Test data are pre vi d e d 4 ÜC A We ui + a Pe of engine o Pere ау ak 
Steady State. 
FIND: Determine the илда ил оол there КСА 


ra фе power can We e veloped . 


SCHEMAT г GIVEN DATA: 3.0 bar 


==: 3 bar 












е: е h 
m= LM 
(0 o?c, kg b Мз decreases 
„ш=л== — : 2. Sa decrease 5 
mc S100 T zl =1.$ kg/s p 
| 5 
ASSUMPTIONS’ (i) The Con Irol ио {оме Shawn awe ve С aft steady state. 
(2) Гог А he Que Vot ve ر‎ Qc, = ¿O jand селе hc and peten tal energy 
effect are negligible. 


AWALTSIS: At Steady state , a wass rate balance gives Mp ery 
Then, Since ум 2 LS leq % and Ум | 


Using Aiven AS Cow p ons 
skads state to qve 


= my y Yn, 7 l kars ond mi 7 0,5 kgls. 


N energy са te ba lanie V¥edvc5«cs at 
Wey = mih, + ma جا چ صما = وط‎ 
Wita data frown Tables A- a, ر‎ using hx he Ci] 
Wey = (1S (zeus. SEF (+ (oS) (4.0453 ) - (5) (Wy) 
= (3075.0 -LS hy) kW (1) 


From €&q.CG) Ub Can ke comrcivded +r Wey i^Creajeo 40 n; dec reo 


The ebove Motlier dtaaram Shows that the Siti atlyuwed vaa — 
ha Cor есум з to ^a Ss As allowed Vada حا‎ $3, 


To detar nuin thr Soa Rost 


olloised Votlwr e 5з ر‎ рю! 
гоҳе balance at Stend ب‎ chle: OF ~ 


= m$, +1282 وما ب‎ $4 + O, 


>A $e: ج + ےلگ‎ Oz j з= (Ж), +4) Sv 
3 we | ms 5+ 225 - C a 3] з)? + — 


d an tu hoy yj 


S. „ал Sey 20, tee фид Аз abtewed val fw Уз, and مسا‎ Мз, 


correspon da 
d» Sey = . with data e "To. 9o A- 2 and4 


j And ung 5,25; (п) 
(Sa Jmn =) O E (2)¢ IBUS ) + (3)¢ (3064) = 5.3100 212 " 
Using + с V۷ айла. ) six 3 ve Aocated Ut مط ع‎ -p hear اا‎ wi 9 vali ty 
Ga), = 0008 0,684 =P (1), „= .ا‎ + 0.689 (2103.8) = 2оч(,5 eT kg 
D блич , nha Gg Ө), Wer aa? [3015.0 -1. S (зоч.5у] = 2S 


|. From Eq-Ct) , pea cate Wey 70 correspond s to M32 2050 lS ies , 
Which da flo rc mig Slightly rv. 3) mim. a with Suck 


> Сиса АА. tn tory eat 
hetween рст and "o po wer out pud, To مهه‎ iF rC pih Ге fie: 
within Aa $^ 


qn A &x«pecind to trode о r — Pons Hae wonted 
ha obimhed . 











or er X32 0.6089, 0, (989, 
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PROBLEM 6.49 


Keoua Steady State opera hag Jata are provided fer e device. 
FIND > Determine the maximum  cheoreth ca] pressure achievable at 
tro exit and discosg. 


i 
SCHIMATIC E GIVEN DATA: 


Ктр, | atm 
| Aw Түз G Oo R j v = (oo lb] h 
— T= Aboo?R у why = 120 l&[h 





ASSUMPTIONS! G) The Control valome shewn above is at Steady stete. (2) For 


the control Volume ) Gert yg ел and Kine hic and poten fva! energy e{fecf 
ave negli gible. (3) The Gir (S. mode led A awn (deal Gas 





AN ACTSIS: From a mass Vake од («nce at Chea dy с Ё j m 3 - 220 ibj й. Ал energy 

cate loalance re Фосес wita GS SU р hws Ct) дич (2) do qi ve Ge vn hi, mI "IN 
Solving fo Wy, and лз улу data fron Table ALE 

Мут wt e Mer (ioey(43.4T) + (220570 _ 340.51 В 


— 


m3 | 20.0 


| | Е | E | | 
Using из ) “Ta ble A-22€E qi vec S: = 0.53423 Вто, à From the Same bit ў ص‎ б, 62607, $5 


b d 


= 0.93205, 


Next, applying an en tropy cade balance у Oz Y^ + "^2 $$ — wa 55 c 


i t ` 
Ос, Grace MZ zn EM)? ر‎ dos Gives 


(у= m, S, «MAS, (n pt a) 5% “- АШ => On м , (S, -S3 ) + "^o CS; -S2 ) + ҮШ 
Then; o 9^9 24 6.21 o. С ; 
R а > چ ط چ - وی‎ | + 
me a 


Solu n | t А & А e q^ — 

© 5 € La Р; + Ms 2. Fs = m jus ~ 5, mal5 J 
| 9 Pe R/M 

Siace P= Pi) lót lae o غب‎ у 

R= 

В C Yn t Voz) RLM 


Hucre heat value for tr rahe АИВ Соер © TO, TRIS oO” 


D „ð 
| iots #2 (SP = уч 
yn. 


As 720, the Wes dea сил 


with E e£ Valu е | | 2 320) 
Goo)lo. 8343 — 0.62607) + Соо) Сесе ) = 0,602? 


In Lr re (220)( (486/5847 ) J 
И | MAX 
(туш эл دیس( د‎ гәт م ب‎ 
P, MAK 


A pre Sguve ri Se 


| nq hb be loc ought about by гл С locuin g ex 
dC fuser section as a Ce ponent: а 





di Cfuser $ec hoa 


é-lol 


PROBLEM 6.100 
KNOWN: S feady-s tale operating data are providad for aA devia to : 
deliver ener gta d hae trans, 26 a epenFred temperature. 


EnD: De ternune haere Н cot Ончи 1 eune 4 ^o 
Conta la. delivered per vwt wass 0 Steam enbring The device, 


SCHEMATIC É GIVEN DATA: 


Lud ord 
20C 
P, = ©, { M P 





Qa To? 293K 
ASSOMPTION § S U) Ти е con troi Yoöoluine gho wn US at Steady sta te. (2) For 
{ле contol Volume We ZO р ait heat trang fers are in the direchous Undicated , 
and Eine bo aed роки het energies are negligible 3j 


ANALYSIS: From “Table A-2, hy, = 27986 k Ukg ر‎ 347 e.388S kajks E, и ир) = 
83.96 LI FEO, 5, Ж S Cra) = 0.2966 ЕЧ/ кд: K. 

By pepe a E — СМЕ КУ balance, at Shag Bess, RE 
in dsicated 258 ои р уол, C = Су — Ch,-h,) ) usher е Go: -[Qa.r Q.l. 


Thus 


Qo =(h,—hr) – € (1) 
v wr 
At S Heed SX, an е tro pa rate balang Аа du cor to 
О= — Qo ~ Qi У S4- Sa) +T DA 
* E 4 мл (51 52 с>, 


№ өм, eA Art ©» be fween Egs. CD, (2) to ott 


я а 3 v " : ы M | h A — E v _ 
ppe imc init 2 a Ym gus + T Шу Bley оаа 





Ts 7 а E 2 * 
Sols. ns А | | — 
< EM Ts 
To z] 
è — Tha 'y 
Ag < 20, Hae wef ivo uw ^J O- Liane Coo v r-e з pon ds о v 20, í he ti 
: (ans. 83.4 246) + (0.2906 - C398») — 
(=) = 243 = 1424 —— X 
w MAY Р کے‎ = t 
243 S73 
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PROBLEM 6.10] 


KNOWN: A thermatly activated device for chilling water reg Urre3 ^O 
power input to operate, The clilled water exits at Kuperature T. 

Fino: Plot the minimum theoretical heat addition required per lb of 
Chilled water aaroo T. 

SCHEMATIC Y GIVEN DATA! 

Qin 












Liquid water | Lypquid water” 
Ы »F, J S20°R (G0%)s т< 560 oR (160 of) 
Р,» latm — — —— — سے‎ a ج — — س‎ L 

e ut < 560 R 


ASSUMPTIONS: а) The Control volume shown in the Accompanying Figure operates 
at steady State with We, =0. (2) Changes rn kRiwehc and po мы; energy 

frown inlet o есі Can be neglec ted. (3) The water can be Modeled as /— Incowpress- 
ible wh constant тресе heat C. | 


Awacrsis: At Steady state msm, = M j Ant an energy rate balance reduces with 
listed asSomptons to give 


Oz Qin —Qout ок tm (Ch, - hi.) 2) Or LP he ah; и) 


А+ steady State an — rate balance reduces to “a 


О- Cin " Qut 4o $) + Ty 
Tin Tout 


Solving fur Qut | 
Ger = Tont Tat )( © Om) + Telha) + Tot Ty 

Tin = 

and svbshiviing SU Tb t) 
E- Tout Qin 


Of, vpen fearrangement 


Tout (Sesa) + nt) ¢ Tont N/m 


Qi. _ Tos (81-52) + Ch, - hi) x Tout ر‎ 


" ['- Tet [-x-] Tet] (1) 


Tin 


— (и, - bh, ) “зм € 4. 3. 20b and (51-7, ) US іи Са. б. 24, ft. ANAM I^ haat- 
adda h Co rye Sp f te Co =O an Са. С) ر‎ 9 Ving 


С yw ' E 
— Tin 2 1000°R, Tout = Хоб °, Ti = 360 ?& , and 
S20 = Т ©560%.. 


Sample Calenlah'm’ T= 520 eR, Te 3.44 Btu /16. 





E D 


Plot on next pe 





PROBLEM 6.101 ( Contd.) 


3.5 
3 
= 25 
E 
E. 2 
8 
B 15 
Е 
= 1 
ر‎ 
0.5 
0 
520 530 540 550 560 
T CR) 
а ай 
60 70 80 90 100 
T (*F) 





PRoSLEM G.102. 


Known: A device 15 Pro posed for de ve oing Power HIRA “wast hast 


Evaluate башке hor power than Can lat developed. 


Ё 1ND: 
h A =3 bar 


SCHEMATIC GIVEN DATA: 







Ё zibar 


h decreases oo 
S decreo4-*o 





Tj = 500°C 
v^ с LS 8co/A o 

S 
ASSUMPTION: ° The Cobol Volume shown w the ac Compan иј SC ha uaa С 


. l. (Onen tentiok enor cam lae iguored, 
dead ot КЕ Рея Жык до at Th. É c/ n | 04 effet J 


ANALYSIS: At steady state , thea mass and елар rate balanos As duce To give 
: | . $8 2 (| E с) 
Q ма dr + ROS Rh) = блік) + (LSE ка) (3486 i - ha) | reus] 
where WN, is br e Table А-У. €4.) Shows tht Wey increases ao Ne. 
decreases. To de Билал ДАГ allowed Vadaa Tov hr, Cons: i» gan 
ente rate balana, whack Аа dues et S Fee de. et +o | 


TM Qe, | lS- Sa) ety Sy 5›=зу + QS a Ty (2) 
Ty | m lb их 


The h-s diagram Shows tho hQ decreates ao SQ decre aita ‚ fhe 
Cuala رك‎ Valaa eaol Corn pum As du еи [ил \ 2 о w 64.00) + 


N 4.21к9[ = Q. 32+ el 
: | LSB «3 
~ Th (‘35 = )( 8008) 


4. The corresponding V عا‎ for Spee c е n +504 (№2) min ر‎ is 
%26G 63169 . Then, ЕС) gives 


—— — 


Where S, ù Cr res Teta ÀA- 
ohtuned hy intr pola h n w Tobie A-%: (йг) nwn = 


(Дмдм = (4.21) + (158/69) (3486 – 3266) = 10 ж EY 
(d Tn principle, power ts developed From two inputs: ''o»aste " heat and steam. Note that 
Wev2O corte£povd t$ Fo hy = 3643.3 ЕӘ[Е5 . 
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PROBLEM G.103 


KNOWN: S tency- state ope ra hng dede. are provided for a Jas turbine power planb. 
Find: For tha given cond hons , deternune the Menimun theere frat Valus_ 

fo the net power that can he de v.e (o ped. 

SCHEMATIC GIVIN DATA: 


Wn et 





— — 


NES cid 

і Air 
A = 0.95 bar P= 0.45 bar 
тз 295 К 5= 694K 


mr 73.9 «9/s 
ASSUMPTIONS I The Contre! Volume Shown vu +h accompnanqing soho mat’ 
operates at Steady Stats. 2. Neat trans fer to thea contro! volume occurs only at” 
Th. 3. Kenehc/potenher energy арос can be ignored: 4. Ar is илә Йа as an 
(фео Aas. 


ANALYSIS: Mass ant ener As be nce reduce a Stea dy State fo pre 


i д. t 
О 2 Rey -Wev + (и-и) + DAT ии] 
2- 


> Wac Qe +w С.-д] Cr) 
An елләр л balance ao Steady State prec 


О = = мю (5—5, У — Tev 
to 


Solving fre Qe | 
Qev = m Te (9 -5,) – TeStv 


Inserts ДААА: w to ба.) 


Vey = m [ih + Ты(з.-5, }]- Te v (2) 


-— 
-æ æ ы m woe ome = جت‎ - 


Ths vnd linod term of Eş. (ù) 4 fixed 4 cond, hont on thu مھا‎ undery 


of Hrs Control voluma, Ths (asl erm ua volving елор оао (А 
‘bare уу сро ad to, Lero ر‎ depending on ۳۷٤۷+ صلی‎ lh Ww ^ +з. 


Се vol volume . The vim ил м edo 1 Wey Co Y e$ n d to Trios 
(Wey ) aan м ( Ch. 72) + Ty (sa-s) ) 
Won G4. bia ma date Kan Tet A- А 
6 8 ? А. 
тача] 


n EJ 


1001.5 KJ E | 
= Oo 1. ‘J |————- 
5 | 10* К |х 
- | MW 


b -1057 


PROBLEM G.1o¢F 


KNOWN: Operating data are provided for an elect caf resistor located in an 
inguladed duct carrying air, 


Fimo: (a) For the resistor as dhe system, determine the rate of entropy production. 


б) For a control volume enclosing the air ги Чие duct and the resistor, 
determine bha Volumeict flow rate and Jhe rate of entropy Produch'en, 
SCHEMATIC F GIVEN DATA: 


resistor: ЗО ohm 


Current: IS amp 
AIR 





سوہ س 
T1 21°C '‏ 


—T]T—— X» 
T2 127°C | Т = 2. 5°С 
P = latm 


{ атм le how 2. 


ASSUMPTIONS: l) For part (o),the &losed system consists of the rerrstor only. 


Heat trans lav from this System taker place at Ty z 400 к(127°©). The system's at 
зек бу stat. . (2) For part Cb), the contro! volume encloses the arr ndhe 


duct and +he resis for, суто and kinehce and poten hal energy effects are 
negligrbl@- The contol volume is at Stead, state . Аге гг modeled as an ideal gas. 


ANALYSIS: Ca) An energy rate balance for a Closed tystem at steady state 


reduces do give Qe = Wey . Ta яш; сеге: Clectyicat wore is done on the 
Sysdem . With given € data 


Wey = -EYR = = Samp) (ao e а) = „6.75к\/ 


At Steady state awn entropy rate balance becomes for heat transfer ai т 


b ` . 
Q«v , > ES Q 
dX. Фи рә 2 0 = -Qw 
dt Tb To 


соз -С®ЛЁК\М) = 0.0109 EV o س‎ 
Фоо қ 


(e) For the contol Volume ај Steady Stade the energy rate balance ypeduces 
with СНА assum phont Fo 


on ly 


Finally 


О = АС - Мосуа Сми + С NUES 


Solving for м and “sing enthaipres from Table A- е бо m 


* = х 5, * 
м = © у) a ~ (-G 75k Ww) (Sls / e Or) - 0.675 кө m 
һ„-А, [ 249.2 — 239.2 1 «eg TIED 





3 
The volumetrice Hows reka. ania ^з thee duct ی‎ thaw 


x [ 
fe Bo ы бт US) бөзү; Bo s 


28417 KS 2) 


— o, EET ENIKE SEE KESE 7 E7 


= Ar), 


Aw entropy rate balance reduoucet at Steady state +o 


ў + УА (50—55) + Ty D Ty wls,-5,) 





With Eq. 6.0 o. о 


2-5,2 SLT) —s°CT,) - — 


They with date frown Table А ~ "Te 
: егт, р $°C7 64S = 4 € 03 


Sey 
= 0. 023 *V/k. | 





COMMENT: In part iad , C accowds for the irreversibili» of elechrcat curvend. flew 
through A resstanee. ta fart Ca), Fev includes both the elechreal iV reversi bility and the 
weevers Бэ [з 4 heat teans fer Grow Jhe кепру, te the Gir. 
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PROBLEM  G.IoS 


Keown Operating data are provided for an electors enclosure at 
Steady State. 


FIND: For the Control Volume of Exawmyptu 48 deternune +{Ал cate of 
envoya Pproduchon When air exits at 32°С. 
SCHEMATIC &C!/ri DATA: See Aig. Е 4, 9 


ASSUMPT' ONS: |. See Example 4.9 .2. Ignore tu. chat u pPosrure row. 
inlet to exit. 


AWALTSLS: At — state) mass and entropy Ask balances ^а Хоса o qive 
o. Y. 4) چ‎ v Cs,-52) + Te 


2) Tey = м Сз. -5, ) 


Ое ил Se очу Example 4.6 and ла) G2 -$,) wets 4. 6.27 
Ty = (- №) ( <p mE 06) => 7 (-We) in 
ce CR.- 1.) T-T) 


> ox á (qşw Q^ 305 a 0.32% М. «fj———————— — — “ey 
" (305-293) — 








PROBLEM GC100 


KNOWN: Opevakng data are provided fer an electronic 5 enclosure at 
Seeds state. 


F'*2D* forthe control volume Shown in the schematic determune th pots ef 
euey producto. 
SCHEMATIC Ф CINE Ko DATA: 


~~ = 6 





= о 
Tis 2.0 9С 238 c 
P=: lOar | Р. ~ Р, 
(мг), = 7/53 M/s 
( from Solvtvon to 
Prob. 4.79) 
ASSUMPTIONS: |. Tha сом М \ Volume Shown in the sche mahe (S «t S feady 


shte. 2. For pa Cow vol volow&, Qc, 20 and B^ P,. 3. Air Us 
оо an deek gas. 


AMAL TSS: 


9 v€ 


date d‏ مہ 
Mass and en treyy rate balances ^edLoce at S tends, chte Т‏ 


os DSi акб 5) م‎ Se ™ Fey s C-s) 


— 
— 


j 7 
Or with €4. Bales and d ata frou Table A-22 о 
б +. (AN); [ sect) —- $°CT, ) ~ e tof 7 

v ا‎ 


©, 









— 1.1284 - WEEE | ЕТ [ = а 
> (АМ), [съ \- 90)] = | ae Zit rk, | ка 
(атур, ) Gar oe 3C z 

: б 

- 4,15 %10 KW ي‎ — А 
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PROBLEM олот 
Know: Steady-state operahng data are provided for a water—jacketed 


electronics enclasure. 


EIND: Dedetmine the rate of entropy production when water exits at Uo °С. 


SCHEMATIC © GIVEN DATA: 







E ЕЕЕ | , 
e С К — Yn = 10 kq / mun Od lle? kg/s 
ò Th = WL Cheam Problem 4+1) 
T= 22°C = 
Pf 


ASSUMPTIONS! 1. The contol Volume Shown in re schewatte (5 at $ Heady $ M. 


2. Fer {ta Conto! voluw , QeyzO 3. For the ligucd walker) S % Sy CT). 
Awaursiss Mass and entropy rak balances reduce at Steady State. To 


give TL | | 
) 

Wie data Crew Totla A-& 

kW -3 KW Т 

Tey = (0.1007 2) | 0.3814 —0,82S\ E | c - GY xo = ö— ۷ 


PROBLEM G.10% | 
Kiowa: Steady- State operatnsy Vata are provided for the electronics - laden 


Cota nder of Paoblem 472. 
Емо: Deternwne te ^at of entropy р оо chim When air Exits c ФОС, 


SCHEMATIC S СОЮ рата: 


— | Qey = _ 34W | From Pwo , 473 
2 m= OO! к э/; 
' T? 2 40°C 

Pz f 






ASSUMPTIONS: 1. T ^ Canteol Voluwma Shown ww tha figure فض‎ at с Heady State. 


$^ teat transfa- ч convection from the cylinder To +h surroundings occor$ 
ar Rupsyotuce Tp. 3. Ar is modeled ав an lad gas. 


ANALYSIS: Mass and energy Ket balances Aoloce at Steady state 1o give 
= Qe + w lS. -S,) 
Tb 


О = ev. + 151-5) + Tw 2» Ow 
lo 


Using E 4. 6.21 o. 0 
буз — Qey p wl s?(n)- SCT) -RA Pa А ] 
To 


= - s - ш b- 7 | where б-а. 
+ : Ea 2-34, оч Мем аг Quz-hAL" i i 
b can Be Rvalua ke Wing 9 / Mm 


warns 394 o used de — wi th the Tiga Convenh' un 
energy and entropy balances. T | 
| "EAT [ЭЗ УУ. у+248К= 3o К, 
тъз С) (заме 

Tran, wit date. {ү nw Tola А - 2,2. a 


«zy [IW uw - 065 W. < Cy 
и 208K | 5 


K 





6-108 


PROBLEM 6.109 
KNOWN: Operating data are provided for a turbine operating at Steady Stak, 


from which skam is extracted at an intermediate Pressure, 
Erm D: ©) № K=99% at the turbine еме, de Power developed 


Gnd the rate of en tropa po ducto. Co) Plot t^» quant flies of partla) versus 
X5 Солду fen G0 +o 100%, | 


SCHEMATIC Y GIVEN DATA: 
جص‎ xv ee 







m = 50,000 te/h 
P, = tooo lbflin™ 
т: uoo ec 2 
P= 300 lbf hint 
R= 8o0°F 


Xs 
А Ф 
Mes 0.2. ^, 





ASSUMPTIONS? (1) The Control Volume shown on the ACCOM pany ing fig ure operates 
а . lx 
+ Steady state. (2) G20 and kimehe and potential energy effects are neglıg ble 


APALYSIS: А+ steady State a wats Tate Palance reduces Jo M.a W + й 
а ۰ * ne * | 
Then , бө фм m <= о.і "^1 J + frtlows that Wy = 0.3 =, А : 
With aStumphion 2 an C@nersy rate balance at stead, State reduces 
1o Se, 


We, = mh, = мъ и — Ws h3 
zw ih -= 0.2 h ~ ٥.۷ ڊط‎ J Ct) 
An entropy rate balance at Steady state takes +he form 
© 
Е О = = + MS, — V $. - Мар, + ОЕ, 
Tey = MS а ма ба WS, 


(2) 


= m, Logs ton- J 
Ca) From Tale А-ҸЕ , hy = 'S02,97 Bh/lo, ho 1421 Bta//o, 5, = 1. 6406 8 le. ?£, 
32 = 1.2182 Btru/ le ° °@. Ем кг о.аа, USing data row. THI A - 36 a d lp lint. 
hy = pag C4g- Ag )а 6454 d 0.44 (0030) = 0033.38 пъ 
Spe зра ча (59-4): 0.13214 0,89 (Ug 325 LASIS 04/16. R 
Subsh hy tng values in Eq. CU 


Wey > 5,000 e | sea- 0.2 )14 21 | ¬ 0.9 (104s. 38) | Gi 


, 2.012 x 10^. Bh — — Wy 


24.02.) qe 


: | : — Be - 1502 he " 
Озу = 50,000 7a, [0.8 (lasas) 4 0.2 (17H17) Letot] Bee ‚027 AS я —— Gu 
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PROBLEM (6.104 (Contd) 
(b) Data for the reguired plots are generated Using IT, as follows: 


ІТ Code 


mdot1 = 50000 // Ib/h 
p1 = 1000 // Ibf/in.? 
1121100 // °F 

p2 = 300 

T2 = 800 

mdot2 = 0.2 * mdot1 
p3 = 1 

x3 = 0.99 


mdot1 = mdot2 + mdot3 IT Results for x; = 0.99 


Wdot = mdot1 * h1 - mdot2 * h2 - mdot3 * h3 hı = 1563 Btu/lb 
sigmadot = mdot3 * s3 + mdot2 * s2 - mdot1 * s1 ha = 1421 Btu/Ib 
h = 1095 Btu/lb 
h1 = h_PT("Water/Steam", p1, T1) $1 = 1.691 Btu/lb-°R 
h2 = h_PT("Water/Steam", p2, T2) S2 = 1.719 Btu/Ib-^R 
h3 = hsat Px("Water/Steam", p3, x3) $5 = 1.959 Btu/Ib-^R 
s1-s PT('Water/Steam', p1, T1) W =2012 х 10’ Btu/h 
s2=s PT('Water/Steam", p2, T2) CV 
53 = ssat_Px("Water/Steam", p3, x3) a = 1.103 x 10% Btu/Ib-°R 
Р (х 10’) 
LOTS: 
Кот. 2.4 
2 — 
= AE 
@ 42 
> 
2° 08 
0.4 
0 
0.9 0.91 0.92 0.93 0.94 0.95 0.96 0.97 0.98 0.99 1 
X3 
12000 
10000 
"Э 8000 
3 6000 
EL 
> 4000 
D 
2000 
0 


0.9 0.91 0.92 0.93 0.94 0.95 0.96 0.97 0.98 0.99 1 


Хз 
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PROBLEM 6. IIO 


KNOWAL! Steady State operating 


data ere. provida d for an insulated $494 nn 
turoime. A tuv-phate Irquid-VApor huxture with quality X егі the tv 


„юге. 


FiO: Plot Wey and — Versus x 


t КЕ = 
SCHEMATIC Т GIVEN DATA: SSD lbf/rn 
————— ——————————— 


inet Wels oy Wey " 14 7 lef fin ® 





2 17 lof] is 





ASSUMPTION: C!) "XT contro | Vol ume S Lewn ih TU figure iS at Steada State, 


Qj At tha. et T^ Steam a o taun- plate bi qurd - vapor wux ture with quality х, G) Rr 
ths Control volume © су <O and Kiheht/ Potentat €^9v9y Changes can oc ignored 
ANALYSIS? Reducing Muss, enwgy, aud entropy rate balances 
Wey М (И) ر‎ oy = ^s.) 

From steam doble data, h,=1353,7 Bh/lb, s, = 1.5987 Виль. *€, h,= hg+x hgg? 
180.24 X (470,4), 5, = S +X раз 0.3/2) + x 11.4946). Then 

Wea = (1 #)‹/3з3з.т7- 1902 - 970.4 x) (BE) > (1173.5- 9704 x ] 2 Сз) 

Fey = (1 #)(0.3121 + 4446 x - 1.5997) (EH) = [1.4446 x - 1.2806) 2 
Sawple coded aun : Siuce OL, ZO, ha Smallest allowed value fr x is — 
Corresponds оф Jo Фу, =O. Sethug ‚ (4) їо zero aud Solving ; X2€ 70.9706 . The 
corres ponding valut of Wey from 2%.(3) is 309.3 Вім/5. 


The follow: lols of Sg. (3) ard C4) ore mada usie tT, aouh سا‎ 
у o6 9 9nd cre e a soveodsheet could be M. 





(4) 





Plots: 
300 л 
240 
© © 
3 180 % 
a 5 
Е co 
3 120 
s o 
60 
0 | 
0.89 0.9 0.910.920.930.940.950.960.970.980.99 1 089 09 0910920930.940.950.960.970.980.99. 1 


X2 хә 


The plots show That greater entropy productum Civreversibility) corres 
+o As power output for He gwen operodwe condchims, as expected. 
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PROBLEM 6.110 (Contd -) 


mdot = 1 //Ib/s 
Т1 = 700 // °F 

p1 = 550 // Ibf/in.? 
02 = 14.7 

x2 = 0.8906 


Wdot = mdot * (h1 - h2) 
sigmadot = mdot * (s2 - s1) 


h1 = h_PT('Water/Steam", p1, T1) 
51 = $ PT("Water/Steam", p1, T1) 
h2 = hsat_Px("Water/Steam”, p2, x2) 
$2 = ssat_Px("Water/Steam", p2, x2) 


IT Results for x; = 1 [T Results for x; = 0.8906 
hı = 1353 Btu/lb hı = 1353 Btu/lb 
ћ = 1150 Btu/lb hı = 1044 Btu/lb 
sı = 1.599 Btu/Ib-°R S,= 1.599 Btu/Ib-°R 
So= 1.756 Btu/lb-^R S2= 1.598 Btu/Ib-^R 
W = 203.2 Btu/s W = 309.3 Btu/s 
CV CV 
G = 0.1579 Btu/s^R ac =0 
CV CV 
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X 
PROBLEM 6.[]] 
kwown: Steady-state operating data are provided fer steam FOAMM through e. pi pe. 
Бор. Deternune Ca) tthe velocity of Ha Sean at Ha pipe ext, (2) tm 
rate beat transfy fro tee pipe, CC) t^ ranks еа боро po duet 
fa each A To speci (Y cah ons of tt. control volume. 


SCHEMATIC © GIVEN DATA: 


Control volume 2 
Control volume 5 | 
Te = 300 K 
Te: YOOK, ЭНЕ дыы E 

| eH — — i | | 
= 08 = 5 — —— © 
Satore ted vapor D> iS e - — et, ы эе سد‎ аш ш] 
Piz 5.0 bar Los fe: U.S bar 
Мз {0 v (5 ESS 


ASSUMPTIONS: U) Tha her Сом trol volumes Shown above ore at Steady tot. (2) 
Por itu Controivalumel, heat the surrmundings occurs at + u. pera tuat 


Tp only 4 Wev 20; and рони, energy effect oe Absent. 
AWALTSIS: Concsidan control volume #1. At steady stoBe a wast Ata ол (аиса reads ум (= ме, 
р... 0.3۹3 S W/kg m 
Ад ~ Уе ^ Ve a Ba ——— — —— (0%) = Sor — RUNS Ng 
AX > к. = ve m T LO. S149 fs ic o я е 


3 
Sleam treble data: S: = 03049 Nea ر‎ Ver VE + Ye Veg = 0.00108? 0,8 S (0.4140 -0.0010 Kr) =O, IS y 
With phaea doce d^» wars (tous A to 


NT dy Уту _ Tos EZE \ — kg 
we uN GIE) = Fosse) (essa) = O $ 


a 

— 
1$ 

Va 


A 


Mars and ener balance ع رہلمعہ‎ © ме 
Y Ae r ks кәне (kN s* | Le 
a 


сале kW کے‎ 





Steam tote data: hes 2118,7 ر‎ esp exeha t 623,5 +0, 


| 1$ (2120,7) = 
Mass and entropy balan tes ^as. uc ما‎ 5 1v ) 26 31.4 j^ 
Cy =. - — v4 (Se - $4) 


To 
Sia ale dota grs St — se = 8§-+¥eSpq = 1.8207 + 08S (55-8201) —(,60«1 KS (leg K 
Сокі volume 1, Ty = 40016 : 
(— S48 kw) 
~ ЧООК 


Con trol Volowa #2, Т = 300 К: 


| LT k Се. 
= GSE) „оңо A аз 20.011 4, A — 


LW Cozy), 
— ⸗ 


“у 
Soy т + oun 2) ((.6041-G.82'2) е =0,0 24 4$ K 


Сф ККАФ МТ; For control votume **1 there о о pressure decrnear GI tu s еді. 
ооо tre Mw PIPE - For ttus соло! volume ta posuna drop „ tha “ost 
SigmeGreant iro or c 4 пееме ibilh. For Cow tvi Volume V2, Ад add ҮА tz Tt. 
مہم‎ ола dy vp иге VES, hi lite , 4e بل‎ Ha het trans fa Nane okter Осы 

pipe G d Turre vada ne t. Recordin da, T. auto ру Кобо с n. из fm- CV, 2 
— fw- c.V. 1. Bye control Yoluma * 1, the hut Mans afte ot о سه‎ By фа ги 
ierevers bi hta : 
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PROBLEM 6.112. 


KN оом. Steady State operanng date. are provide d fr o Stan tur Orne. 

Find: Deternane the work developed j and for each % Боо <бо са: of, to 
Com tre! VOlume_ the entropy pre duced. 

SCHIMATIC © GIUCI DATA: 


CONTROL volume tii: CONTROL VOLUME di. 






near b 
Wey ls S odi "f | 







?= 3M Fu. i 


т = 400%. Te 100°C A 3MB i 





| 
z leom/s at. Vapor T = 400°C —— 
| c. Band l 1 2. Rs too °C 
К zd, Vi = teo is | Sa d. Vapor 
Q«v 30 KJ | І М = гоо 
— ے‎ 90 ^ 27 “is 


| 
Eu uu 


і 

4 — — س — 

ASSUMPTIONS: Cl) The Control volumes Sow above are at steady stete. (2) 
For the Control Volumes haa t trans Ё alc е; Place On (у at MC opo ra Foo Tp, "ne 
(3) Poken frat А. ven S у chang es Ce. مط‎ ¢ 6 nored. 


ANALYSIS!) for contre | Vol омиле +1, MASS and Cuergy rate balance t As duce +o read 


We 2 Qu p (hio) e VENE с!) 
чу № Е) 


2 
Wita data from Table A-4, hi = 3230.4 к/к J 3, 6.2L € 3/ 5 · c ) and from 
Table А-2 И, = 2676.0 EI, 54 z 7.35 44 єЗ/ку-<, Thus 


Wey M т. J Соу“ (roe; — - Gen) мү) [1 кї 
Чы: -30 = 4 Brtoa-2 Ne + С )| = пт е | 
= (-30 + 554.7 + 7.8) 95 = 622.0 e ي‎ 

E) z (Wer/at ) 


An ev ropa A. halance at steady State reduces with assume hom Z 


О = Su 4 ww Csi) + б 
b 


v Con) £38 751) 


(2) 
© To 


Oey Ги 
-l-30 (63) 4 (7.354 - 6.422) EL = 0,5134 KT _ ls), 
350 -. КаК ES kc. 


| = POO "NES = 
Equation (2) is a ol cab! е lo control Vàlovea * 2 р ексер nour Up = FO0KK bung 


* T. " 
Tey = (-3ok3/ k4) E (723543 - G. $2) e = 0. S337 kJ (s {ы ja. 


= vik. EC 

nà Чоок Е; à 
COMMENT: Tre An eps p^» осом w Cou tol volume 15 2. o — 
thes enlarged control Volume includes an addi hmad source rrrevernbelt ty? 


heat trans fa Reon ua bute sur face ът turkine + +t га кетик dain? s. or 
Cow tvol vol uus ФЕ | tbo bat trans fo affect o Onn externa irrever sibi E ri 
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PRORLEM 6.3 


EN OWN ` Steady State opecetao data are Provided dec an air фе гие. 


FIND: Deternune thre werk de veloped , and for each of tun Clerces of На 


Contrel Volume tha €nthony produced. 
SCHEMATIC Y QIUSNO DATA: 


Contro\| Vola i | Contve | Volume #2 










г ١ 
air W^ lb P= 7S lef in” | Р > 7Y Ў, 2 
7T; 7 Боо °. \ n: 600 R 
= „e AE ibt /i S | | 
a sail) S i ig НА T= Yooft/s | Va 2 looft/s 
{> 2 
(= foo fris “2100/5 


i 
Es Surrounding 5 
volowes Shown ahove are at Steady state. c) Por 
the contol vaumer eat trans fan +o kes place only at tempera tuve T. 63) Poteau tre 
0 energy Changes can be ignored. са) Ave гг mollid as an (deat gas. 


AMALIE For control volume Fl mass and enersy balances redoce to nead 
*. s 2. 
We. De q Cheba) а (М-М) 
V м. 


2 C1) 


ASSUMBETIONS: Ci) The Contvo! 


Wirth data trous “Table A-77E hz 1931.81 8147/5, Sz 0.69 5S8 Btu/le-*R, b, = 
143.47 Btu/lo, s; = 0.626607 B4e/lb-°R. Thus 








* Ў t. 2 2 +. , 

Мем ло Bie в. 143.47) Ble + [Eod - Сое) ا(‎ Bh 

№ 7 С T i e open (b E B 1. (£ {гә ш. 5*1] 77051-10} 
= -td Ф 4YB3Y + 2.44 = + 41.33 ЕИ 7 i (меа) 





А л entropy balance a+ Steady State fedoce: lol 4h 25700 р том 2, 


O= Ov 4W (54-5) + Tey 
Tb 


бу. Celh) 4 6,.s,) (2) 
т 


( 7 fw) 4 С 58. = -~ R ln PR) 
Tb 


(тем), 


fi 


- (собни) ©. 62607 - 0.69558 = Lai دی ما‎ ah 20.0578 
GLOR l le- R 


Eguet m (2) ts appl: cable +o Control Volumes *=2,except now T = SOR . Thus 


} Tu 
ge -= (7°) | (our 07- 0.69588 - |. 236 a1) = 0.06/ BY SAP N 
Svo | 2#97 7 li 

ha 


COMMENT ` | А 
The en woopy produch ом in Control Volume #2 is greater b e cause ttus еи ro ed 


contre! volume includes an ас {оцой Source of еи еоеез гг btg: haat transfor 
Non th outer surface of T^ turbine to Té» jurro vadi'ngs. fer сол rel Volume 


dy tha heat transfer effect a an externa  irreveniti hy: 


From Table A-LE for arr рет 322 atu ‚ Ter 279°. ` Thuo 
. 75/1 
к Ё IT 0-137 › Та | . Beo 


| 37.2. = da с ЗГ 
беъ : SIN? 0.017 , Tavs $99 = 21 
1 h 1 322 ^ / 134 
^ Spec 'tw 6 Һа. A-t in dd cates that +he ad t | : 
at Меге states. CAL $43 model iS appropriate 
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PROBLEM ©. 14 


KNOWN: Operating data are provided for a nezzyle at Steady state tlurous A whieh 
CO, сс passing, 

FIND *. la) For a control Veluwe enclosing the nozzle only , evaluate бым, and фра. 
change mn Spec: frc entropy from nle? fo evr. Indica te the additronal data 
tequired % evaluate Gef Co) For an enlarged Canto) volume including 
enough of the nearby Surroundings | +hat heat trang fer oecurs at he 
— temperature To, evaluate Tev, 

SCHEMATIC ? GIVEN DATA: 


та Contre! votume for part (5) 
fou J control volume fer part (a) 
COL A зна jm 
f= 29 bar LL Р, = LL bar 
п: 21 °C — тс 
(So A F “Say Va = SBO «fc To = 248 к (25°С) 
| 1 | 
Б 2 


~~ ч ee ome f” 


ASSUMPTIONS“ (1) Eech of the contro: volumes Shown in the acc Ow pany гид fig ure 
operates at steady state. (2) The Change in potent energy from injet toevit 
Di: heslisible . (3) CO can be modeled as an deal jas. 

ANALYSIS: (OM steady state “үт, zi, and an energy rate balance reduces to 


: е o е 2 t 9 
O= Qu, - We * V C ch s ММ. 4 Dr) 
1. 


t 
Феу = h-h. + V 
Va + 


With МЕЧО Grou Table А-1 and data Frou Table A-23, hy = 19, 40s kI/icmol, Tp: 
REVAL F3|Ewel. K , ha 2 10454 KT [kwel , SP FURY kI/ rwol К. Ths 


ос 





Ф.у, (19459-19465) кује ( s80- о 2) iw int | 
- 49.04 X9/kwoi | > $® J| {юр 5t] | to? Bem 











~1۹ (Ö« м 
2 (45,7135 Kaley + lolo, IS к/к», = — 26.18 єз/к» ж ) 
Wita Eq. 2 b 


$4 - $, 





— {1.2 
a | TET — 
t 


+ 0.4497 K 3/9 K و‎ 


4 


Te evaluate Oz, (9. would require information about the tewperatvre on the boundary 
of the Control volume and +he rate of heat Hans lap at eath tew pera ture. 
(oV For tne enlarged Cos ol volume the heat transfer tates place only at г 
AE I<) and the entropy rate halance reducer ty 
Oz Oey фм (s-5s,) 4 Fey = баја = ы p se-s, 
To Te 
Vsing prev/oustq calcula ied values 


aR бе, 


4. From Table A-|, for Co, p. 23.4 br, T= 304 <. Then, 


Pei = 28. = Teie 340 x 
x: ма 031۹ Zou 7 (18 

Inspection ef Fig Aei indicates Als t the ideal јаз model is appropriate at 

this state. Sinwlor!4) fhe idet jag mode? uo appropriate at Stoti 2, s Can b^. 


Ver fed. 
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PROBLEM GHS 


KNOWN: Steady- State operah ns data are provided for an Air compressor 
E ^D: 


(4)  Dedeee xa tre hiat Maus fate and Ed s en hony frow inlet 
to exit for €. Control Volume enctosnn 


‘4 fra Comptes or^ on! 
an on large d Con hol Volo, 


. Dis wes. (6 ) Rr 
deferre fhe rate 
SCHIMATIC d GIVETH DAT 


*1 е^ Md У p'odoch лл. 


ASSUMP TIONS: 
Conte : 
oes Volume рсы) L The Control volumes Shown m 
| GZ son tro) " the e figure are at 
Т=22°%С © | © Tz з VRRP! 2. Kinetic and potent at exergy 
EN | p Pre thar effects can be ignored. 
CAV), 1. ree 
' ms | Wey = — 3.SteW REL M qs Rd 
i NY! 
L. 


4 To* 295K (22° ) 
ANALTSIS: Co) At steady State, t^ mass rate balance Atads my 


= ر ما ےچ مە‎ wert 


а aM. 0). 4 efi) Co Мм?) 
Me $^ eu CIS К) 


The energy rate balance at stead 


L1Seg/rwu 


5 2л ма осе; {О 


give oo Yea гетд ement 
° ' e | | 18 KS a= | gagu] | LEY | 
Qu 3 Net ™ (Wz-h,) 2 – 3.5 М + (118 кэ (| 2 [4st 8 E — | 
_ _ 0.42. kW هېه‎ — Qe 
where 


tea dote is feo Table A-Ll. The entree с e cs oh toane d 
ом Eq- G.21a. and S? datn fn Deoa ^- vol $,-S 


= “i 


_ 9. _ 0.028 ЕЗ 
S2- S} $9 CT2) - S?CT) dus ^: = (а-0161- 1:8515 — LM latli 0.0 286 — 


To evaluate the enthoyy producth'on for tha con tol volume of part (а) 
Wout d require l^ dro voa ma alo out thre. temperature at whith haat trans far 
осели on tha boundary A thea control volume. 


Co) For thw enlarged conto! 


V Ol Yine of pert Ch) 
tukes place oA То > 2.95 К. 


9 heat trans fP— 





Bn en horny rate balance at S$ Heady 5 fot 
feads | 
О = Qey a A C-s) + Tey 9 Tev = — Qe a مھ‎ (5, -31) 
Te 


оо, the res tty feo portto) 


ı KW 
To = _(- 0.42 kW) + ae’ alte ane 5- к | T? 
295K | 


T Sey 
= 1.95 xi? a 
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PROBLEM e. b 


KNOWN: Operahng data are provided for an air Compressor at Steady state, 
EMD: Determine the tempera jore of the air ex sting the Compressor an d 

+he entropy Produchion rate per kg of air flowing, 
SCH&MATIC Я Civ? у DATA: 


„Г en 38K (40°C) Wey <= 44.6 x3/ Eo ‚ Ox. -14 KI 
` F w 19 
Ta, 


„=> 2.! bar 


T= 27°С, 
R= 1 bar 





ASSUMPTIONS: L!) Тие control volume shown in the accompanying fg ure rs 
at steady ttate. (2) {Че + transfer takes piace at To only. (3) Kinehc and 
роем Ка energy changer from inlet +o exi? can be (4nored. (4) Arr i$ 
modeled as an deal даў. 


ANALYSIS: At Steady Stale m, = Мазм | and an tnergy rate Valance reduces with 
assumption 3 © & 
$ 4 á h 
O = О. = Wer + w ( М-м. + pm rE) 


hı = hı + Sey - Wer „(оола -14 +44 6) ES . 380719 ЕЗ 
~~ wa ^ G к k5 


where Wy іс фол Table А-22 From the same table with W нет, Tz =380K, 





With a.s гом р Hon 2) an entropy fate ba \auce „+ Steady چ‎ е. takes Т 
the form m 
O: Qu + WH CSS) 4 Sey 
To 
or 
fev = (- Qe /w 2 < 5. $, 
Ww чь 
- (wjn), (62-57 – Rls A) 
T 
а \4 KS/eg |. (144501 - 1.70203 - 3.314 In at) к 
зз K 28.97 | к-К, 
| J 
= (6041 + 0,025]. we | 
Dufr 
= 0.06943 ЕЗ алышу з= == a 
єк 
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PROBLEM Фф. 


KNOWAI: Opera hn 
Рико : 





data. are provided for a doct SYSTEM at Steady State. 
Deternavne tha fate o4 entropy Pproduchion, 


ScHtMATIC & GIVEN DATA: 
a qs @ 
ata from tha 
Solution +o Parolle u 
4.68: ms 369.S l/min, 





Ру — =» аһ аә 
: ` ZA Р = la tn 
Mat 198.8 lb fmin, В = 528%. ie 
To DRO 
ASSUMPTIONS: 1. The cowlvel Volume Shown in Ha SC^h&vatec rS 
State. 2. For the Control volume 


at 3 Rady 
ر‎ Qey Wey, <= D.3. Aire i modeled as a “donk 
gas w Нл cons tant Cp = 0.24 Btu//ib. og, 2 


ANALYSIS: Аи entropy Yate. balance at Steady State reduces to read 
ту лт o 
О= pz 


e e = 
jm + hS, + ha Sy – m2 53 + Sey 


Ss g2 m+ p at stend q sti 


© 


Ф г š t 
Izy = Cm ъи) эз, ae — me Sy 


mı ($3-$,) + "^a (S3 -S2 ) 
En tredvcimg Eq. ©. 25 


` Ө yi 
analy BMH) cafe ИРУ 


ср [0 + m? AI») 


= 0.2% Btn [ Geos te Qh St + ( e.s = 52.6 
lop Ал ^ Чо аъ уро 
= 0-084 Bh б, 
min °K. 
l. 





When using TT +o pecfurm thuis calcalahm, hot that IT would Astur. 
5; ) S and Sa directly fee arr | 092 an , ىمل‎ a at. 


PROBLEM ©. (1 P" 


KNOWN: ! 
Enp; Determine the power required and the rate of entropy production, 
ScHEMATIC È GIVEN DATA: 


Opera ting date. ere provided for a water-jacketed air Compressor. 
cooling , Water in, 








ae 
$ 


Mews 20 ib [mn / ЧЕ = 252% ic 


AIR, 

P I4. S Ibe (fin | Pa- = ФО Тече 
TPES RIA т-до ° -180* €. 
(Av), = 300 4 ( L 

senting water owt, 80° с = 590° R 

ASSUMPTIONS: 

State 


Ct) The Contre! volume Shown jin the figure operates at Steady 
with ^e 1.9: ble Krneh'c and poten hal energy e $ ject and Qe = o 
is modeled as an ideal даз. 

ble with constant 


» (2) Air 

(3) The cooling water гї modeled as i'nCou press - 

Spee ‘fic heat C aud a negligible change in pressure 
ANALYSIS: At steady State m, mb, em 


and the rates of cosi'ng water entering and 
exrting are equal. An energy fate balance reduces with listed assumptions dO Jive 


Wer = mwih- hi ] + wew {Иси - hev,out J 
With tne ideal gas egvoahen of State 


iby te 
14.5 к\чч) c 309 c) 
аа AV, nv), LS HMM) qe 300 e) o gy lb 
— RG ISUS (ELIE ($37°R) 
2981 "^R 
Then, . * 
heat 


liquid water 
with Eq. 3. 20b : 


with spee hie enthalpies и. and he from Table 4-п,Е, and a з рес. fre 
Value f 

AhzcATrt+V 
pewer is 


fr ow Table A-\QE, Ce 1,00  ®%/1Ь-°@ у together 


7 where op is dropped by aAssUmy, tion 3, the 
V (зат) E (aa (во ачу се 


+ (ok, ( ооо б y (524-540) ) 





МЈ 
Lam 11.055 КУ ДКМ KA id 
= [-1221.& = $20.0 oe [tee ےت‎ V — 
A+ Stead, state an entrom, fate balance — 4o şive 
‚ „0 
O = 


ы + Ww CS, -5,) 4 Mw C Seuin - Зенона ) + Tey 
J 
Or, wh Е. 6.212 and E3. 6.24 


Ty: м ( — „4 whew с In emot 


Tew, in 
ام‎ —À SAMUS - LAM Lu ( 


82 )) Bw 
22.47 “sS Le? (t 
$90 
+ (20 а уб оо = а м (25) 
= - 0.5419 + 0. 00 ‘У 
-3 
= 9,0 L0 


Btu J ees 


ev 
П < 
i. Alternatively , fw ths Ce ol ns water Saturated lig vid ate, conid be 
aged: h^ АСТ) | $e ge(CT), 
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PROBLEM 6.119 


KNOWN: Operatng data are provided for a сооп јен олт heat ex changer at steady 
State with NH3 flowing on One Side and air Flewing on the ether side, 
END: Determine the mass tow mie of tng ammonta ond la rate of entropy preduction 


SCHEMATIC É GIVEN DATA: сандал the heap exchang еп 
Nis l f SS SS ea zi 2. 

qs ‚20°С — و‎ — Saiveaied Vapor, 

X= 35% او الإ‎ Th = -20°C 

Ta « 285K A A- A 


a м, 4 kg] 
Рд 20.1 «№. + — — rr— =! 3 ر۴‎ slaim, وا‎ = 300K m, 95 


ASSUM PTIONS: U) The controt Volume shown in the accompanying fra ure гз at steady 
state. (2) Qey 2O and Емес and poten hal energy effect; ave мего ble. (з) Arr oy 
modeled as an ideal gas. 

ANALYSIS: А4 Steady State the inlet and екг mass flow rates of each side of the 


heat eychangerare equal: was = Mg p ^24 eh, and the entopy rate ba lance 


reduces +o give pa 


о: 2290, Wa(S,-54) + (54-54) + Sey (1) 
J 


This requires the mars flow rate ^R whew Cau be «уа! оа їе d fo an energy rate 
balance at steady state with astumphon 2? 


• о o 
Os QE - We + % (bie ha) + h (aha) 

OC орол rearrangement 

Wet m Cha-ha) 

Mr- hy) 

The enthalpies hy and ha ere obtained from Table А-42.: hg = 200.14 кз/к з, hg? 28г.14 
кэ jes. The enthalpies hy and h, are obtained fron Table А-/3 at -209?C! 

TES TE Vg - Chg + Y iC He - he) * CY.) Chg. he ) s os (1329-1 k3]k4) 

= 2634 k 3} ke 





Thus 


мр: (4 wgs) 300.14 - a$8$.14) «3 /к4 —! le — к 
863.4 «T5; 01 41 


Ором rearrangement Са. ti) giver 
“уз "Ri S) + (Sq 63) 


With E9. 6:212. and A- 
54-53 = $ (T4) -$'CT9)- R £e. Pulp = (esos 1.30203) - BIN А, ott 
2-0. ON У 49/65: K T 


Wee. data (v مقا‎ A- 1% «4 -20°C 


= E2 
Sa-S; 7 Sq -~ (95+ ¥(Sg-Se)) = (1-20) (59-56) = 0-65 (5:67 0. 3L¥2)= 3.416 E 
finally, 
EJ £2 
gius 0-07 ЕЗ\(з.чгъ Ex) d (469 )[ Е 0.045% EZ ) | 
Tey 
— — — 


= 0.05 6 к /к_ 
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PROGLEM б. 120% 


KNOWN: Operating data are provided for a counterflow heat exchanger at 


Steady state wrth Uquiíid water Flowing on me Bide and 22 flow - 
ing on the ether tde. 
Ей: Determine the mass 
entropy production. 
SCHEMATIC É GIVEN DATA: 


{low rate of the water stream and the vate of 





| 
ل‎ 
Py = 12. bar | | Re 


on |! = © > = 
Ty= 29 °с. | ف د‎ |! 847 ber , 14 40 С, / “^+ \So Им 


és at 
ergy effects are negligr ble, 
C$) ligund water їз modeled as metompres? thle with constant рес fie 
(5 heat c and neg 1:4: ble press чт е. drop. 
Amauris: At Steady state the inlet and exit mass 
of the heat exchan ger are equal: 


ASSUMPTIONS: U) The Control volume Shown in the accom jp any ing f'g оге 
Steady state. (2) @eyzo and winehe and potenhal ёи 


$taw rates of each tide 
рут, Mare mag and the energy 
rate balance reducer with assumption 2 to 


0 о 
о БС We + Cnm) Ag OS Lh) 


Tuus 





ws mgaChy- ha) 
Chi-h,) 
© 
With assumphion 5, €q. 3.20 gives Ch, -h,) = € (R-T) + VOR) . With ce 4.2 Ilk К 
from Table A-I] р М-и, = (4.2. KIK KX З к) :3.6kT[k4. Then, appre wat ay he LT) 
and using dala, Leom Tables A -1,8 
iSo le 30 -14 os) KT le s 
- ( Ky ) 3 21028.2 leq ГМ мозу г> 
33.6 e 3[rs 


An entropy cate Wwalance at Steady state reduces to give 
О УФ. € (51-5) + Ma (S^ $4) + Tey 
J 


Tey e£ wl($.-S) + m R ( ?%?4- $3 ) 


and Approvimating Sq 54 (Tu) andl o ten olata from Tables 4-7 ۹ 


fy > ™ <c = + “pe (84-53) 


or 


Tatroduting Eq. 6.24 


k 
=. (1025,2 2 [CE Jln = + (iso?) (0.2836 - 0363) — 


(uag = 1.4) ere 


kT M tma I Lew 
( 51 К. in | (63 /5 


* 


LILO? kw/k | — 


1 





\. Alternatively, for tre Mguid unter Streann saturated As : | 
( quid data can let (А «env 
$ ^ S(T), 524: We), 


G- 12,1 


PROBLEM 6.12.1 


Known: Operahngs date ere provides for an open feedwater healer at s feadsy 
Shu. The rxiting stream 's at [Gre Р. 

FIND: (к) Tf ` p= OF MPa, deternune rhe fatto of the лег flow rates of the 

yur in Силата &freams and tee rate of en ony prodection wsitlan Ha heater. 
(e) Piot the į van h tes of pert (a) yersus p. 


SCHEMATIC ACIVEN DATA: ; ASSUMP TIONS: 
OUR і. The control Volume Shown 


Sane. E ل‎ T ‘in the schematic ts at 







ом. Steady State. 

358°C Satlig. 2. For tna contro! volume, 
Liquid —— — ep Oy t Wey =0. KineHe and 
piis potenhat nergy effects 





Qu^ we Pano fed. 


ANALYSIS: At S tead y State ) the mass Cate balance ino m3 = ил | + WA2 ) and 
hs Ea ay, Asta lonlance Ла асаа áa foi (очла 
М о * 0 6 t Ы t м 
Oz Bev = су + رما رک‎ aM 2h, — (wy, a), A» ш Мз -ha 
W^ 





Ci 
1. ni- Из ) 
An entropy rate balance Ле do сае To 
"n | 
J 
"бое | F ж) 
Sw. sa [а 1s, [ма m 0%. 5 - Ss- +1] °> Q 
vag 3 bon 8 i aan 2 وکا‎ 3 +i (v ) 
where f= vei] war . — 
e finn 
(4) pz о. +МРа. with Ws и СТ.) and 32 = $e UT) — I 
Tables A= 2,3, 4 Єз.) and 640) Give) Aespehve’) 
p. (9722-14668) EIS _ 6 2223 a “mi 
Q (3? 2 – 647.27) Kaley & А 
: = ЕЗ و‎ OM 
Gy ш 1.4922 - e v eae) — (ans) (e 5033) * 213. с 
— XXE: 
(b) 
0.23 2180 
® — .2178 
x 
0.22 2 
x .2176 
с 
d Ew 
0.21 б 
o 
‚2172 
0.2 0 
0.6 062 064 066 0.68 0.7 0.6 062 064 066 0.68 0.7 
рз (MPa) p3 (MPa) 


i... Values defernuned using E4S.CI), (2) are Sensih've fo roundoff. 
a. The entropy predech'um varies ouly Shohtl4 over thas pressure range. 
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PROBLEM 6.122. 


KNOWN ^ Sieam expands through a trbrne and then Passes through ® 
Countertiow heat exchanger W which the other stream fs arr. 
Operating data at steady state are provided. 

Find: Determine the mars flow rate of the arr and the vate: of entropy 
Produchion in the turbine and heat exchanger ,respech'vely. 

SCHEMATIC T GIVEN DATA: 

Wey? 2852 hp 


fz Golbf/in® f, 2 6o lb£/i45 Туг 800°F 








Beam 
Ww. = 10 tejs 


f = 600 tof tin® 
Fe 8o0*F 


AIR 
Ра = Lt am, T4 = 1020°F 





Pez latm 
Tg: 620 °F 

ASSUMPTIONS: (1) The turbine and heat exchanger operate at steady slate. 
tt) There is мо tight vean heat transfer between arther Component and 711 fuyrovad- 
ings. (3) Ke hic and potent al energy effects can be te nored. (4 ) Are "5 modeled 
as an deal gas, 

ANALYSIS: Ak Steady State wig a 2 gy м and Met miss ма ' Taking о 
control volume about the durbine and heat exchanger, an energy rate 
balance at steady state reduces to give with AStumphion 3 


о 
os Ж, = Wey а w Ch, ~h3)+ mal ма - йг) 


мм, e | А o 
; 45 Biu) — 
аа Wet mChs-h,) а 2852 hp [2545 BhA] ا‎ + (ıo 1432 — 1407.6) 


= 21.88 b/s 
where enthaipies are fom Tables А-4Е and A-22E , 
Taking © Contre! Volume abont the turbine only, an entropy fate loa lance at 
Steady state reduce: G CMS, -S,). To determine Ry, requires State 2 © be 
feed. This Can be accomplished uting an energy rate balance for the same 
Contvol volume: 


О = ey Wey + МА СМ. a) ج‎ муз Му 7 Мем ум 





Tuus 


hpa 1407.6 Bhu/ib ¬ G8 52) [2545/3600] Bals т 1205.98 В «ib 
о ‘els 
$4.42 fs hned by Pa © OO lef / n", hı 2097.48 R k/ lb. Taderpelatng tn Table А -4Е, 
$4: (6802 Віа 6. ее, Thug, for the turbine : 
S? 
: ~ 1.6243) BR = о. Вік [з e 
ds м (Sans) to ib (16802-16243) Sh s 0:454 pet — 


Cv = 


Taring a Control Volume around the heat exchanger Only, An ем vopy 
fate balance veducet at steady 5+ te to 


02 IAS. te (Sa $3) Wa (84-35) + Tey 
or with Eq. 6.2]a, and data from Tables A-46 and A-22€ 
“уз № (Spesa) + Wa ( Se - $$ - R du Pr/p, Y 
« (to tb у 4021 — сево) 2 + (21.86 l2 (0.7.96 t- 0.#5062- 5* 7 





аза 8hRU o [624 > 0.5٩1 BHS 
og. ор. oR 
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PROBLEM 6.123 


KNOWN: Steady state operahns dade. are provided for heo waste-heat 
recover4 cys Heme: (a) Example 4.10 ر‎ Ce) P^eblew. 483. 


FIND: For lach System, deternune th Aakes of entopy Rreoduct'om forthe 
Steam generator and the harbine. Discuss. 
SCHEMATIC & GIVEN DATA: 


Са) See А. Е 4.10 


Ce) Soe Aig. P 4 83 . From the telvhios мд т (45.2 lb] win | ми | = 2. E lp [ruan. 


ASSum оч: о М5: 1. Cons Урі volumes Cncloting tha § tam generator and the 
tur bine are at S Heat y State. 2. For Cach Cmbro! Vol wus, Qey = О. 3. T^ 
Cow. bos iru products of partis) Can Юй modeled as ain ^e an steal 945. The 
(dae јаз moll also applies To the air of part Cb) 


Awaursis: A+ Steady State the ёл һора Tak balance foc phe Control YVolUuUnr. 
€^ Cosi ng te dur bins лаеддэ сле TD ave 


(ay TE zm (56-54) Co ) Сыз mw (S3-S2 ) 
An entropy rate balance fo ta S team generatur jie 


a) бүг cms) + (54-52) C9 xz Ma (58-59) + w, ( 52-5, ) 


(6) Fom the soluhm to Example 4. 10, hq s (213-6 ВМ, руг Фо lof hin + мз Toa 
A-+E ees Sy = 1.7334 Bh / lb oR . wida dah fran 74 A-2E 
Ss Sp +®гС©2-бр)- 0.1327 + o .43 (1- 6453) = i. 9489 Gh / |. °K. T v, 


phu. juan 


= 0.52.3 Br — — — 
lb OR GOs 


SOn 





=) lo | - 1733Y 
pa ( 275 де j( 64-191 ) 
Ми s? dae. fran Table А-22Е and 532 5{(Ту) Fran 77^. A-26 


| 9 ими 
Say -|@zs0. ш. Y о.вўооз. — O.FIZ23- е Auc p, 1E t ass (17334-0. s — 


= ©. OST gh- š T ne Steam generator Cou Wihufes most to — — — 
$- f inefficient operah. 





(o) Gi Ti Ao ta from Tatta A-46 and A-3€, 5, = HZL] Bilu: R, $32 $pe X35 $f4 p 
$47 0.13234 0. (1-8433) = 1793F Beil. OR . Thus, 


S E (2.8 * 1. 43у - +121) EB | ~ 3.410" Вн — 


Qoid S? dete. fru. Dea. A-22€ y moting tt Ps > PA, and 5125407.) fon Table A-2C 








= 4 -3 BY 


Tw» Steam generar соил hala Most to глеб Gea o perahm. 
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PROBLEM G.124 
KNOWN: Air Passes through a compressor and heat exchanger, Data for 
Jhe various flow streams ave known. 


EIND: Determine the compressor Power and tho mass flow me of 
the cooling water; Also, evaluate tha rates of еи tropy рле dive т о: 


in tha Compressor and heat €x changer’ 
SCHEMATIC ё GIVEN DATA: 







S 


+ Water Water 
in out 







ASSUMPTIONS: C) Both contro) volumes 
shown ave ot steady state.(2) Heat Pie ee 
transfer is negligible and Waco for (AV), = 26.91 m3/min 
the heat exchanger, (3) Kihehe and 
tential energy effects ave negligible : 
(dj the air behaves as an ideal gas. po =230 kPa 
2 = 127°C 


ANALY SIS уме. Compressor power is found from the steady- state energy balance 
for the Compressor contre| Volume 
О = Ж, -We t WM air \ hiha) + (22%) + qc2,-2:)] 
where ™, = Maza Mair WAU as sumption @) | 
Wy = Mair (hha) 
The mass flow vate ө} aw is 


eo 2 AT) BOND. Qo kPa) (261 m/min) kT 











3 
ew a TRT С * [EY kT 3ء ا‎ 
\ 2 Mo 10 “М WMA 
Gre e e) (зоок) l kPa (1105 


N А k 1 min |! kw 
Wa = Go Es. cin) (зоол 2 400.48) ae] == 50.4 kw Mw 
where the Soecitic enthalpies are from Table А- 22. 


pass trough the heat exchanger as separate Streams. thus 


mM, = mMm 2 Mair, and Mat Ма, 


With Assomphons(2) and (Э), the steady-state energy balance for He heat 
exchanger Cove Volume reduces to 


© = Д De, + Maie (ha = hs) + May СМА he) 


or А » Vachs Von 
Mew Xu 


From Table A-22 » ha = 350.49 kT/kq . For the cooling water, hz А (T): 


Ид = 104.34 3/4, мр = 169.52 9/63. Thas, The cooling water mait How Ask 


is ; 400.48 - 330.44 Luin Mew 
v^ -[ I—L————. Зо 9 ———|20.«03 K9 «i —————— —- 
iss e - 104.44 Jé 2 ( Gos Is 





PROBLEM C.1-24 (Contd. ) 


Ch duct nd + te bala v 
) Re до c “4 mast a е^ op- Co es nees tfo To. baies ае 
ân d Using Eq: 6.2- 2 


Ta = Vis) 
= м ( se(7,) -S° (m) -R be Pa [А ) 


-— 


бу 
= 0.0146 - mc шеги = 


Wwhare S? values are frown TA A-L. 


Ra lo 69 ESS and e^ tvo 0ч کیہ‎ balances for te he art tic hong ty 


" 


ALS 7 Sx J + “о (58-5 ) 


o 
har | SC) SCH) - RIK Eg] + ew L spere) — S000] 


Sax 


wit dede fro. TA A-2,22 


ikw 
Е (o sel -$5 70$ - |. 44144) E EI + 0.403 (0. 5 12Y — o. :e2«)] Eh 


Gy 
= 9.015% KW. alll 


6-12 


PROBLEM 6.125 


Елғоио м : Operating dete. are provided for two turbine stages and 
— — 
Gn intewconnectng heat exchanger. 
F/D: Deternnne” the cates of entropy production fer the two 
turbines and +he heat а Que Place in panic order 
SCHEMATIC GIVEN” DATA: 

See Rg. Р 4. 82. 


From tha Solution tv Problem 4. ر۴2‎ 2180L.S K, m,= 28.22k9/s, 


ASSUMPTCOms: 1. Con корі Volumes Nd. each 4 495 turbines and Fa. 
heat exchange r are at Steady state. 2. 


For each control volumes, Qey cv. 
3. Ane v modeled an an aden j^ 


AwaAuwsis: Mass and en һоҹ nA balances reduce to give for the pat 
дот Veit 


Gis m,(S2-S,)= "^ ( SCT) - 5°С7,) = В Lr Ёг (Р, ) 


= l . 32. -3. 2. &.314 [Lia 
(28.22 е2} [3 o77 3.3620 zat 2.5 E | sls | 


- 3.1436 kW]k. Ot, 


T ———— ب‎ E 





where £4. 6.21 a and dece (rov Tet A-L} ewe Been used, 1 чо 
De turbine 7. 


Ox. m, (S4-S3 ) = wa | S°CTa) = $°(тз) -Ri ٠4/۴د‎ ) 
6; 
?. AI. kw tz 
= @¢.22r) [ z. qiV5— 3.2% 481 — e к] - 2.9644 lk 4 


Mass and en ke ру nA. Voanlances for TUO [nderconnecting ИГРЕ = 
еж. с ny give 


SN = Wa, [ss -sa ] + is [Se -S r] 


Bx 


Š . o . 6°(7, _ р Pe 
]نى‎ 5)5 ()- Rm |+ esL: (т) - 8°75) Pr 
= TAI 3.2748 | — 3.91132. - Di i 2 & zi] m 


Ger) [onse tnim BIS, o ду] 


«&—— — ———7 
2. o. 426S- 3.2783 = 3.14 £2 км] E. 


“Tn ro» € order. Turbine l) heat ек c елд e n^, turbine 2. 
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PROBLEM 6.126 
KNOWN: S teady-s tute operahng vata ere provided for a Simple Va por 
power Plant. 
Беко: De ternunre the rakes of e^ hony produc h'on for + 623 tar bine, 
condenser , and pump- Place i^ rank order 


SCHEMATIC LGIVEN DATA: 

* See Agure Р 49S 

e Fom tiu Solukon to Problem Ф.У Meus 37894 9/4 
Assume Tro NS: 1. Contry|l volumes елсыз The turbine, condens, 
And primp але at Steady State. 2. For each control Volum, Qcvy <O. 
ANALTSIS: Mass and entony rate loalfances for the turbine 
Jive with data Grom Tables А-3 and A-Y} n 
t 


єз jis! |= vas! سک‎ а> 


Са = (S -5,) = (104 =з \[ 74651 - G-6622 | —* | ЖЕ 





Spt Sj X4 C94-££)2 0.5426 + 0.4(9g.2282-0-34260)- 7465 | кЭ/[кә:К . 
For the pumps and date fran Tables A- 5,57 


۰ W Sp 
Sp- A [Ё$+- 53 J- Gor) lo.606! - 0.526) = .47 Е 4—1 
Mass and entropy Aa. balances fr tee Condenser gs 
Sond = m [s3- 52) + v^cwl5*6- Ss | 
Using S= Se (т) frre du ceoling Loader and date. ro "To Aa A-L 
Gua > (04\[0:592.6- тч!) + (3754(0. 3-0-2166 ˆ | 
às. kw | IK a V cord 


= — FUR + FEES > 


Tu nan ic order, turbine, Condenser, pump. 
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PROBLEM 6421 


KNOWN: Steam contarned in a large tank «t a known state pastes from the tank 
through a turbine inte a Small verse! unt’! a Sspee fed Final сом dihon 
IS attained tn the vessel, 

FIND: Determine tire amount 4 entropy Produced. Re peat for the case where no 


work is develop ad by the tur brne. 
SCHEMATIC È CLVEN DATA: See Figure £4.12. 


ASSUMPTIONS: See astumptons listed w Example 4.12, 
ANALYSIS: The wass rate balance reduces to 


dme А 
—— s: 
dt 


An entrory Yate balance taker te fov w^. 
Sev ns a € 
کت‎ = Ws м мыз; 
dt ту te АА im y су 

Combining the mass and entropy rate balances 
dS.y = S$; dev & 
dt = ok ev 


Тл tegra hng > 


ASey = | sii + бе, = A Se, = Si Amey SX 
t 


Tn accordance with attumphion 3 > the specifec entropy of the steam entering the 
contro) volume if Conttant at the Value Correspon ding to the state ги the large tank 

Since the Smali vesrel vs intdh'ally ела сола ted, the terms AScy and билс, 
reduce 4 the entropy and mass within the verel at the end of the process. 
Thar TS | 


© о 
25. = мл. 35 = WS ) ду = м, Sat 
Со есім $ results and го іу гид for the amount of entropy produced 


с“) 
Oey wa ( 5-54) 


At Sher, 320°C, Table A-4 gives Sj = 6.4432 єЗ/ы.к. At IS bari, 40o0*C, 5, = 
7.2640 К5[Е9.К. The solution +o Ex am ple 4.12. provides M} - Thus, Eq. (1) gives 


5* 


In the cate where no work rs develo ped, the Solution to Example 4.12... 
Gives the Baa temperature of the steam in the vessel as 477°C. ‘Thus, in terpo lahon 


in Table А- 4 «+ (Sher gives 3275024 К/К КЕ, М 0.22784 wiikg . Finally, rubs- 


tive ng inte Bq. C1) 
3 
= оом . um 6.41 J 
Sey (opor — 9) Sk " 
: 1.3394 кз/к ——— ا‎ 


As *here is less control of the entering Stream tn this Case, the amount of mtor 
Produced rs greater. 
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PROBLEM G.128 
KNIOWA: Steam contained in a larse Мег це! at a spec; fred Phat is 


allowed 1o flow indo au ‘nai hall tvacuated tank oak < Spea fied езгеге 
Р ts attained ы Too tank. 


ED: (e) fr p= too tof lin, de {evuuaua e fned ttm pera tuve ef 494 Skaun 
in th, bank Oh tha a novn t of ел topy pro duced. (o) Plot the qvanhes of 
park to) versus р hom sans fro {О to 100 tof /74* 

SCHEMATIC 2 GIVEN DATA: 







оит фач е the 


contr ом € 







Large vessel 
Steam at 450°F | 
lOO ib£[in* 


tas tvally evacuated 
tan 7 


P= toolbf/in™ 


ASSUMPTIONS: (з) For the Control volume shown in the ассо pany ing figure Qey 
=O and kinete and potential energy effects are negligrble, (2) The state of the 


ANALYSIS: The mass rate balance and the energy rate balance reduce, respechvely, te 
dev _ m. 
^ 





dt 
d Uv = Ww 
dt | 
Combining {heter pressions and integra нид 
* 


dUe . Wi dev => AU: = | № d'y > AU = A wey 

dt dt ; 

Tr accor dante with ASS UM p on ر‎ the spec: Ке enthalpy of the steam entering the 
control volume is constant at the value Correrpen din +o the state o the large. 
vessel. Since ке tant vs rai Nella evacuated, the derms УС, and Amey 


се досе +0 tune tnhernal energy and mas: within the tank at the nd of the 


process % AUC = Matra ) Aue, 3 Wa . Ac esr мифи ‚ the energy balance reduces 


simply To 

“ычу S mh => u.s АТ с) 
Thuas) the Anat State ef The Steam tw ttre tan ic ت‎ fined е4 pAsssure Р and 
U2 (= ид). 


Aw entropy rate balance Ge thre Contre! volume reduces te 
o 


dSev * m «e o- 
Sev a ور ر‎ <+ 
dt T t a ev 


Tnivedscing the above mats ra te. to ^. lance aad tn teq rating 


d Sev ي‎ Seder д ey D S. | side, + Ty ==) 285.2 5, Әм + Tey 
dt ot 


As fork. J SL remains Constant during the Process, Then, since the tank is ака! 


evacuated , 4 Scy, 2 Mas, J месту, Inserting these expressions and Solving 
for the amount of entropy Produced о 


Ge м2 53-5) = (FF усе - si) (2) 


(a) P= loo 154/91 From Testa A-YE at (oo loflin®, +S0°F, h 1293.6 0м. 


Then, With ug, SIP Btw/lo ‚ (а Бекил Кал A- at (00 СЫ lig’ 
awn Ta FO2°F , sis (8042 ВЊ/ГЫ Е у Va: ORF (PLU T2. 


— — 
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PROBLEM 6.128 С Contd.) 
Wide Eq. (2) and S; fran ThA A-4E ag (00 lof [сы 450°F 


2 
Tv = Y (sos) < LEÊ YBa гов) BE? oo Bh б 
r= 3 


6.843 #31! {бсо op 
Co) PLOTS 
705 4 
700 
ay 
695 
690 | 
10 20 30 40 50 60 70 80 90 100 
рг (Ibffin.?) 
0.02 


0.015 


0.01 


0.005 


с (Віш°К 
ye (SUAR) 


0 
10 20 30 40 50 60 70 80 90 100 


p» (Ibf/in.?) 
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PROBLEM 6.29 


kN ouwr: Aic flows Hone large Supply line into ay ита у evacuated, 
infuladed Hank vntél tha tane pressure ts Р 


Plot the tank temperature ) Mass of air witen tHe tank, And Жа 


FID: 
Ament " eve py predoced versus p for- р <10 bar . 


SCHX^KATIC E GIVEN DATA: 
Supply line 





Tani tally evacvated 
tank, Wa lows 


Shi f xed by PT 


ASSUMPTIONS: (1) The contol Volume it Shown i'n the above Ligure. (2) for the 


Control volume , © су =O , and Kinehe/poteutrat energy effecti are negligible. (3) 
Tha state of the AE within Fha Supply line femains Conctant. (4) The mar of 
— within Fre Pi pins Connec hng Ms Supply line and Ta^ t. Ca Ke ig hored . 


(у) Air û wedeled os ал deat gst wit Couns фал? Specie haat aho k, 


Ал ыт з: Poratlelin + ae application лгу and tuargy loe. lances Te C#xauep le 4. 12. 
but with Wey ls sasalt v UCT) = ИСТ), where Ty 89 the temperature of The 
Air Iw T <u ply Алм е and T w the temperature within the Fank. for an a dent 


gas RCT) = u CT; у + кт; ر‎ So u СТ) = u CT; ) + RT . Using < dot gas relations 





(assu wap hm $) 5 u(t) ~ a(t) = cv СТ- Т], R*€p-€v , "s gives 
Ts KT: Ci) 
Thati, the temperature of Ha arr wittun Ha Tank is a Couttant independent of 
qe pressure р, 
Using Ate Ade gaç equation of Stat , the mass of Ha air veo thea 
dank ws 
y LOW 
— = Б ГА \ = e [ie $ = (50.14 kg (2) 
— R KT, ЗІЧ RM V1.39N Sdo 
Є 4" K4: 3u x ) 
whose = Pje, xia кз 1.84 Tv e TAL Ando | 
Ал entopy balance Ao дї 
(intesractom) ( y | 
$ = = - eo +0> 
сз Lm: Oz 3 [m s LT, p) о) Mmi 
dt = mw s(T,p.) + Yer 


That رم‎ with ideat Soo ^a Uh омо 
Tam s (т cp 4м -R T 
С P)- 3 Pa) ) = mI j Te Pe 


. — KE. E Fe & 3I і, 4 4 — J 
Э Gey = Goa) RL Fr dae Aor] = Боа ees [gp nt Е 


г" [1.174 - An r] —* (3)‏ 14.39 = چ 


SAMPLE CALCULATION :15 p= wbar g гі l. €4.();, T= 1:34 (Seok) : аук. 
Eq) gives, м = 5014ка, E4) а» Gr IG 91 ЕІ, 
cy kK 
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PROGLEM 6.124% CCowt'd.) 


T (K) 


To qe uerale data for Ие reg uve d plofs, we use 1T, as follows: 


(kJ / К) 


CV 


O 


1000 


800 


600 


400 


200 


20 


ІТ Code 


p i=10 //bar 
Ti= 500 //K 
V=10 // т? 


ср = ср T(Air', Ti) 
cv = су Т("Айіг", Ti) 
k=cp/cv 


T = k* Ti 


r-p/pi 
rz1 
v = у TP('Air', T,p) 


m=Viv 


sigma, cv = m * (cp * In(T / Ti) - R * In(p/ p i) 
R = 8.314 / 28.97 


© 
NO 
м 
C 
OQ 
— 
© 


© 
М 
м 
о 
со 
m 
© 


ІТ Results for p = 10 bar (г = 1 


» = 1.029 kJ/kg:K 
1.387 
0.199 m*/kg 


Soy = 16.91 kJ/kg- K 
50 


40 


30 


m (kg) 


20 


© bsevve : 

- The temperature th He Haule is соте 

. The mass increases duvecHy wh 
jouk pressure . 

. There is more erom produce 
as the pressuve increases , aS 
expected. 
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PROBLEM 6,130 


KNowN? А tank jayfally filled with aim is evacuate d by Pumping out the ar. 
FIND $ Determine the илл v ea theorehical work required. 


SCHEMATIC Y GIVEN DATA: 





ASSUMPTION: U) The Con феі volume riy Showa in the Greure. (2) Heat transfer 

о by the Suv round ngr main uning the temperature of the air tn the tec 
awd ot khe disch arg €, Ot twe pun pot 10° Е. (2) Kinetic and pot e-AMol enemy 
есесі canbe iq wo red. C3) The aie is modeled as an ideal 40.5. 


ANALYSIS; А mass balance reduces to dujdt=a—e, An energy balace veads 


dOo/dt = a + Win -mehe * Com binini 8 hete ex Prescrous 


pa Ed ads x — — даг: © + Wu + hedm cr) 
Where he іс deter aed be Te and Haast VE сом Баи Ё. 
€ & 
Aw en boyy balane reads dSAt = ©/т, —- meSe. t <=, With ome = dw] dt 
dS = Q s d^ dq x AS= Q Lxe2w-c-S9- G) 
dt de at lo 
where Se is determined е9 Te, fe and thes Су constent - 
Elm uati ns Q he hoeen Sqs. U) (2) 
Wiz AU - TAS + Te Sedm – педи + os | 
о ра | TN da ee, ae 
= лына) - To (003, -15,) + Te Sel ب‎ { = he (уб - mt іо FT 
| (3) 


su obit ahaa ач 
Since nds s States are thre tame eu Cho dM and ab tte exr t 3 $, = Se Б Also, with he=UetP, Ue 
Che- uja e-u) + беле = Pe Ve , mince T= Te. With x tau) 19.03) Adee $ & 
W. = wR Ue) + 5972 RV e (4.) 
Tha speecfie Volume at te exit 08 the Same ag the imhat Speer hic мд (оола fa the, 
tank, aud so VS м^ Ve . 
: | ` ۰ {хае HN ى‎ val врие ponds C 
Аи | Since g- > о, Ao nwt ہس‎ СА لا‎ te i we ue Cer = р 
со; 


(аму Min 7 Pe Vv 


= (14.7% 44 tet y е eet 
Р | (i), 
— ос. 


= 484,79 B 
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PROBLEM ©.131 


KNOWN: CO, condamned in a piston cylinder f3 compressed itentroprcally 
from a spee:fred invtral state to a speerfired fuat Pressure, 
Using four a tiernat: ve Approaches, evaluate the final pressure and 


t^e. work а 
SCHEMATIC È CIVEN DATA: 
o a i 


Fio: 


Vie блоҝ? 
Р, = 0.3ber 
T, = Чоок 
тъ > 560К 





ASSUMPTIONS: (1) А; rhown м the figure, the ty sec is the CO. gas. (2) со, гт 
modeled at an deal даг. (3) There ave no significant Кемеде or potential 
energy effects .4- The pouss is сем jand tuus Q 20. 


© 
ANALYSIS! Án energy balance reduces to «АУ: QW , or Wa- ATr. 


Ween CU. - 6, с 
Wirth +he ideal gas Cquatones state 


3 
ы И о.зкгөг мъ) (0-1) _ 9.0215 ко) 
ч ‚эл 
RT (ээ! Em) ( 400K 


(a) “Table A-Z3. As S820, &q4.G2lb ` gives Р, 
- =o e 
O: SATa) -ICJ -Rn A» In Pas 5 съ)- 6%). 239.962 - 225.237 a р. i. Folo bar 
Р, F, E 2.314 
where $^ valuet ere (vov. Table A-93, Witu © values from the Same soure, 14.01) gives 
- № 
We ~@.02K10 Teme i (gas! - 10,046) £? 24%. 146 «T — — 
кто | 
(С) x from Table A-Ø at 480K: 1 24.233. The НКЛ ТИ ale auis Г Г 
E4. 6.45. Tuu 
& M "Aest p m 123343 
= (= a > (29° ' => = Ld ص‎ 
t (s ә А Ве) => Р: LH bar P, 
Using E4.3.47b on e weler basis ‚ 140 becomes 
> | w 
=- МЕ (n-T)- ~(G.02n16 eo lX3. 314 "emol k) (660-400 )K 7-5:15& 3 мә" 
K-t 0.2.33 
(d) к fou Table A-20 < 300K: ke 1.288. Then, а; in part Clo) 
2.857 288 
R. 


к/к. 
МЕ س وم ج ی م‎ а 


=» Ў otf o : 4 "J el. — * 
— Se (туту а 7 09:92 09ке) 8.314 Hemet K ) (560-400 K ere. eee 
` 0.288 


© 


W=- п * (u2 - u1) 


(b) /Т Results 
u1 = u_T( "CO2", Т1) // kd/kmol 


n lyrique tir IT Code u2- u_T("CO2", T2) | 
s V1=0.1 // m? v1 = ү TP("CO2"T1,p1) // m*/kmol 
Pa = 1.766 bar E = 
W= -5144 kJ p1 = 0.3 // bar n=V1/v1 
T12400 //K 
T2 = 560 //K S2 = s1 
s1 = 5 TP("CO2", T1, p1) 
s2 = s ТР("СО2", T2, p2) 
c Tn ha Coon, p aoe cin of, part а) gives Aog ultr Japar tins Sigli Cantley 


feom thore Obtnined ‘withthe other topnrocc hoo 
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PROBLEM G.!32. 


KNOWN: Airc expands isentroprcally *Threusg a turbine at steady Sta e, from a spea'fred 
inlet çake +o a «pec fiad pressure. 






FIND: Using three alternative approaches detarmine +he ext presture and +he 
work develo ped per vat of air Flowing, 
SCHEMATIC £ GIVEN DATA: ^ 
С=С т 
T 
AR & 
Р: ber. Т, 2 700K x h. 
T = tteOkK $ 


ASSUMP TIONS: C) The turbine i: at steady state and the храм ол "г esentroprc, 


(2) Kinewe and potential energy changes Strom inlet to evrt Can be neglected, (2) Arr 
{+ modeled aS an ideal даз. 


ANALYSIS! At Steady state ^s л, 2m and ам energy rate balance reduces to give 


Nev с h,- hy о) 


(a) Table A-22. Witu М, and hı from the table, Ее. (з) gives 


wW 


о) 
SY s (01161.07 713.27) 7. 447.8 «Ile 
Kg > 9 





“л 


Hits pressures and temperatures ave telated wy Eq. 6. 43 ر‎ whch with date fromthe table 
ver 


۴ NN 229. 
һ=һ (p): bar Tor, ) = 034 bar — — № 


Cc) к from Table A-2oat аоок: ке 1.344. Wet €q.3.47a , 6$. (1) becomes 


Wey . wR T 
PUERUM 


(*3/ (моо ~ 706) К (We) х) 
= (1.344 )( 2 .314/28.97) СУ к-к = 448.5 K3]p4 م‎ 
| 0:344 
The pressures and tewm peratures are related by E4. 6.45, Tuus 
Miet Ny y 
۴ т. 700 A 
x x) lio wp Tes ete: sen 


Чу w from Table А-20 at Зоок: EtG. Then, as in part Cb) 
We. BER (т-ту = (АУ 8.31% (28.97) (100-700) » 401% ЕЗ]К$ مص‎ 
W^ ۴-1 0.4 


0 


e H/N R 
& M _ 700 — b | * 
& . (&) (ET) x Aas 0 ——— 
Cb) IT Results Wdot_cv = mdot * (h1 - h2) 

h1 = 1161 kJ/kg mdot = 1 

h2 = 713 kJ/kg п Code h1 = h T('Air", Т1) 

W = 447.6 kJ/kg p1=6 //bar h2 = Һ Т("Аіг", T2) 

ahi T121100 //K 
p2 = 1.034 bar Т2 = 700 //K 52 = 51 


51 = $ TP('Air", T1, p1) 
52 = $5 ТР("Аіг", T2, p2) 


СОТ. En the posent Cage, the oprrosch of part(s) gives result departing Sisnepicant | 
{+ ov. {hose ob tained — — otha- E E Р 5 3 d 7 
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PROBLEM 6.123 


KNown: Meuame qas undergoes ам isemtronic expansion from a given initial 
state toa Mùa stote at Тур. 
FIND: Using +he ideal gas model, aud c,Cr data from Table А-ы, — 
Aetexwale (a) р when Т=5оо!< are Co) Т when p = | бм. Check usin UT. 
ScHRIMATIC AND GIVEN DATA: T P= 5 bar 

| T2000 K 
ASSUMPTIONS: (1) The methane сам be 
Modeled as an ideal «as. (2) T, and Ta ave 
ги the range for which the qcr) data in 
Table 4-22 ave applicable. 





5 5 
ANAMAYSIS: When expressed ma molar basis, Cg. 6.14 becewes for As o 


С RD 5 (4 Р. 
Where he integ vation is between state ! (Т, ,Р,\ ard 4 second state 


expressed a CT p). With o from Table A-21: a> Ё (« ETI ут, 5т2+є7т“ I 
Haris express UM becumes 


T 
w E -{ [ 3+ p+ T+ 57*4 e1*]4T 
\ Ti 


2..1 4 
bat : «бм (1. )+ стт) + CTT ET TD + £o t) C) 
(с) and (6): Еф (1) cam be solved fey р whan T is gi ev. ex fo T whan 

e is Given. i following ҮТ code illustrates Has, USi ne daka for Hue 

Coe слемјс d 0,- from Tolle 4-21- 


p1=5 // bar 
Т1 = 1000 //K 


In (p / p1) = alpha*In(T/T1) + beta*(T-T1) + (gamma/2)*(TA2-T 142) + 
(delta/3)*(T^3-T1^3) + (epsilon/4)*(T^4-T1 ^4) 
alpha = 3.826 


beta = -3.979E-03 Results: a) T= 500 K — 
gamma = 24.558E-06 // p = 0.03825 bar 

delta = -22.733E-09 Cb T 
epsilon = 6.962E-12 (b) p=1 bav 





l| T2821.1K 


(c) Te check these results, we use the 5 = S-TPC" T, P) functions 
of it ,as follows ^ $ = $1 

51 = 5 ТР("СН4", Т1, p1) 

s-s IP(CH4', Т, p) 


(Т) Resutts: (Cc) T = 500K; p = 0.03818 bar ш Cc) 


p=1 bar; Т = 8212 К 


ИЕСИ auc oe 
from Table А- 21 Gg ree quite well ta Waris case. 
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PROBLEM 6.134 
Known: Air as аи (deos, gas Corte constant Speahic heat raho К expands гем tropi ойбу 
from Pny Vi Te ^ posture P. 


Еск 0: (a) Develop an — €cpreftio. for the “xit ve loc Va in term) ej fin) тр Р. 
(o) Plot V4, Versus P2/P, fro Selected Маилә: 4 kK , Vey aad Т, 


| | (ОР, 
SCHEMATIC т GIVEN DATA: Т 
л, 
"- »^ ٦ 
1 
т NM Me, ' s 
۴ i سهد‎ А 
AIR, АНН А 
| : 
| 2 * 
2 


5 


ASSUMPTIONS: (1) The expansion through the nozzle ір isentvropre. Q) The мое 


Operates at steady state. (3) ТА» ŞasiS modeled af an deal gas with coustant 
speccfíc heat raho к. (4) VPotestesl Energy effects are negli'g cole. 


А NALYSIS: (д) A Steady state za и and an energy rate balance reduces tu 


© o e 
О = OG - WC, + m ( Wh, A VI a gea) 
2 


Оз W-h м view! 


or 


With Eq. 3.47a 


М NC. кк 
Tia + Loy) 
v 
> — + eRT (| x 
э. may "hh 


For consent k and ue change n ерес: fie entropy, Eg. 6.45 relates the temperatures 
and prestures , givens 


edv emper — ж 


Sample calcalakm N17 О, T, i660t€, К 1.4 » (AIP) = 0.1 
— — — — — — 


mE Li ~ (o4 add 184] s 














_ | COGS) FBV U \ ook 
V2 = TEN 28.93 кк ( ) IN 
(o) PLoT: 
1100 
1000 
< The plots show T hat 
H ix the exit velo, 
2, 0 creases AS 
ч 5. 
RS 700 P2.] P, — 
Fc a spe fre 
600 Value of Ё|%, 
500 Viz increase, of 
0.1 0.2 0.3 0.4 0.5 к decreases ° 


po / p4 
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PRoBLEM 6.135 


KNOWN: An ideal gas undergoes ® pely tropre process from Т. р te Т. 

Emo : ta) Derive an express on for 32-8, in terms of n, А, Tr, Ta and s?, Ch) 
Determine n when AS = О. 

5снематс $ civ&£ DATA; 





ASSUMPTIONS: C1) The System connsts of a quanhty ef a gas that tr modeled af 
an ideal gas. (t) The pases: i: a poly trope process. 


Amaris: Cap With Eq. Gala 


$.-*9, a Sl) - SCT) -R In = 
i 


For e polytropre process of an „белі gas ( Ез. 3.56) 





ent) 
aey 
"^ n 
Thus Ж 
^1 
$4-$9. = ELT) - **CT1,)- R l^ (®) — — — — (№) 
(5) If AtszO , the ex prett on of port (a) gives 
A 
l4 ($) s* cn y- s* C) 
Tı R 
D. ik (3 = sn )- s* (0) 
= М TRT 
e uw — CC where от °С) - $°) 
2 R dw R/T; 
ес s(a) ~ $ °(T,) 
So = ЕЛ. эй ыз ‚лый 
— М 757ñJ« 


4, Fore tne speciai Case Cp 2 constant 


Th. 
SC) ¬ 8°) = | 2247 = cp in T 
т, T Ti 
t 
Thus 
tp ta Ts, _ fp 


R J~ Tu, m 
With Eq. 3.470. , Cpr ж А/к, so 


. k 
LEE т 
à 
— wf) —_ к 


м = ——— 2 
(E у-! к. (к-1) 


2 K 





which is in accord with the di'seussien ef Fig. GH, 
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PRORLEM 6.1365 


KNOWN? Data are provided fer a rigid ,insulated tan k niha tts filled 
with (2-340, Ve por, A lea c de velo s and (2 US a. Slowly 

ex C оре unh? the pressure becomes | bar. 

Determine la) th Kaat e mpera ture of + he ft (Ua jth, the tant 

and (9) the anwrout f mass that еже Ў, 

SCHEMATIC Y GIULI РАТА! 


FD? 


(0 bar 







— © 
Tathally R2 (O bar ‚т 2 0 C 


foe PbO т | bar 





— — — ل ل سر ن 


1272120029722 


ASSUMPTIONS: C) The system consists of the vesc ni hallg ui the tank tiet 
emaint wr + We tank. (2) Fer th iysk ^ Q = O aad t^s effect of кле trie and 
poten Kal energy LAM be ‘û hore d. (3) Trrevemibi і. hes within A hh denne СА іл be 
ignore d AS -the air Slowly eine геу. 


KNALTEIS Tha о ou с lese la f (lo ws taut "t Еа ~ ple 6.10, leading G 
+ho лосі +оо the mass within THe SY & tem 


Un der goes an ISen ерсе 
екрлис ил S3 € S, 


With values Fron Table Artz ر‎ $,7 0.4066 e Es: i vus 0.012029 vas] кд. 
Sec 5.25, , sinte 2 is located c the tur phase liqgud-vanor AEG on cae $A 
q va li t4 | | | 
< e — 0.0018 
X 23-?f 4 — — — - = 0.4623 


Ca) The Gina \ tempera ter e іх thae Sabra hon tempera fare Corresponding Lo zs 
I. | bac 4 T= -26,.43°C а 


Uy. Tha watt TEE sU TR c ЕЕ А 


Уил = Mm иу 7 XT i V. | 


у 
-$ ой 
v, = (0.12.58 «to 5) + 0.3673 fo. 14:1 ~ 0,1258 x (0 1 = 0,1845 Yq 


So Ф) 


„ллы tr 


СУ ил = 0.2 и 0.010 а 0. (SKS 
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PROBLEM G.13t 


kmowmN: A rigid, insulated tank is initially Filled with water Vapor at o. 
known: State. (ла јер veper slowly Capes vah) vapor et pressure р Ге ил од nS. 
Емо. (о) Rr P* i47 lof lin’ de lerne tr final fe ny era ture and mass. 
(6) Plot Anat te нере гл ture and Macs vercus Р ranging from 14.240 бо Ibthin® 


SCHEMATIC 7 GIVEN DATA: 


Visto? 2 






ee 









т ИВА mass сагітейу Present? that escapes 
CONE ° 
E z mass initially ; slew leak 
T = 700*F Present that s 
= olb ү femains ‘м 
Ё 6 wf the dante 





ASSUMPTIONS: (OAS rhown rn the figure , the closed System fs the mass ruih'all 
in ihe tank that remacur in the Hank. (2) Mo significant heat transfer Occurs 
between уси and Surroundings. (3) Trvevers bil fies within the tank Can be 
iguored 41 the water Vapor tlowly escapes, 


Analysis: For <la closed system under cons deva on , there are no gign: fica t irre Ver- 
Sibil' des (assum pev 3) , and no heat transfer occurs Catsump h'on 2). For thi's 
sy Stew anv entropy balance reduces io 


vans ис =» 5.25, 
b 


Тил ر‎ de hura State о Аи tha tank vs fi ved "M Рә = Р; 522 5,. 

mass w Wee tange o Мл = Vian 

(ву pz 14.710 Jin From Tobe A-*E, S,- 1.8609 G^y/b- R. Then, wita 32 8$, - 
at 14 Wflet, та роти uw Tha А-ЧЄ Sue T= 377. ФР — * 


Thr Frnt 


and чуут 38.93 44/ib, зо m,= OMI a2 руњ) = 0-29 lb. -——— M 
“The iM Het wars vo му V/V, = (10/144) = 0.87% lb. 
Ф) PLOTS 
0.9 
700 
0.8 
600 07 
500 0.6 
~ a 
(L 400 = Ue 
< È 
F 300 me 
0.3 
200 
0.2 
100 0.4 
0 0 
15 20 25 30 35 40 45 50 55 60 15 20 25 30 35 40 45 50 55 60 
p2 (Ibf/in.?) | рә (Ibffin.) 
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PROBLEM 6.13% 


KNOWN: ^ tank меча (у е with air is allowed 6 eec bv. 5 e. 
+l rou 1А a Wrbine ои і the pressure in the tank be comes 
atuesphervie 

Fired, Dederwnime Fae илс ил о ал theore buh work that could he developed. 


SCHEMATIC $ суб Ао DATA! | «= 1 


R= 0.5 MPa 
ъ= 5оо к 
Б, = о.ім Pa 


Р. = Ó,i MRL 


— ساس‎ пиц Я 


ABSUMP TIONS . Ct) “The con Wel Мосо има VS Shown a love. C2) Fur th. Сои tre l 
— a | у 

Voloure j Wey >O aad kinetic / joo ед hoa БУ effect are nesli д, ble . (%) ЧАА 
Air ws vo de led as au idea ( gas. C4) The Control volume igp Free of 
суем еей, be hes 

ANALYSIS; А wass crate balance reduces to иф иле, Using thas an 
eur sy дг Ха Walanrce Van & ¢ 


ر 
ж O d'Ut. hed‏ ن 
Pe s-Wey + hese‏ ر dU- QG- We -hehe‏ 
d Ще Aw + fhedm e)‏ 
е ч — + е.‏ 
Wey 7 - is + Ме d^ => Wy? T‏ 


We expect that the maximum Theoret werk would be developed in theabseuce ej ireeversiMl TES 
Widen tre tant and the br o ine LasSump ym (4)). The data Jiven ore re cograzed 
as corresponding to these fam Exampie 6.0. а Solo {ус tU дс A Аа “С.о s бечо 
tusk c Fop 4 {очла Г of MAAS £ COMA (A the tank دى‎ e «A d by مو سول‎ AA | 
еи v cc елер GA $1 бум fv лл Ty A Б "э, ^, Moreover, едх E mad S — ^$ 
dens tre + бл expand € Sen Pr е cally, According" , IE о 
pressere and tempera have within the tank t a par 


P~ CT) — M ы c2 ) 
Р-(Т;) Шш Р, 
But PT would also correrpond to Tos cendi hon of tre vett entering phe 
turbine. So P(E) Pe (3) 
RU) P 
Com)iming Css Q), 0] 
Pte) = fe с 
RO) A PO) Р 
= Ta =3[7 К. 


Pte). B since Re:R 


— 


Then) with the feculft of Exawple ©. 10, “Те. 
Re Furnas To Ca. сз), he US Axed د‎ Ter) and § A- сол 


(Wey) 


ү gad 
MAX 


-ATU + he کے‎ ил 


(m u,- m, u, ) + he (v~ r ) 
Fre Example G0, my тї ЎёЕ$. Wh date fen Table A~ZE 
- — NV ag £I ) 617.281 i $#-$ ) 69 
Wes) may 2 (Brg) ( 357-44 £3 | (1.8 ig Je a) Ба 7 X 
- ааз ака — 3552 KI ~ 08У, K] 
МАК 


= 254.833 — — 
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PROBLEM 6.137 


KNOWNS A bo tile wihal filled with aie is allowed te discharge T зо uct 


a turbine y developing wert, ши NI taa pressure in die Ье be omer 
Z atm. 
CoD; Determine thr volume of ths lorie when wrevervSthils HES oo 
ab sen E. 


w 


SCHEMATIC Y GIVEN DATA? 
puo arc ET 





Bottle — Volume М 
P,7 30 atm у Р Jatim | 
T = f(000"R 5 





ASSORAP TIONS iC) “The Contre Volume tS Phou in the fs ure. (2) For the Contre] 
Volume Q cy 70 and Kine fJ poten Fa l Cnersr, e Heck 
Ore ү mode led as aon deal 
Rin € e bo Volume , 


— are negligible. (3) The 
FAL : (4) Tereveetcbilé nes are Oobsent within 


ANALYSIS! A VAS $ ma te loatance reduces te d wl dt ZW e. US ac Tox An ЕРИ 
Ca te lb «lae reads 


4 


o \ y= К "n ; | : 
du. ag - Wey — mahe ) 40 = — Wev +he Зи —— Wey = -AU + f he d m Ct) 
AT | då 


The plan is to evaluat th bottle volume in the Ahjence of ivvevectibh hes 
(assum pfi on (4)). Following do ге agoning of Example 6.00 у б. hyp cad Oed of mass 
remaining in 4ha hotie would vcaderagu aun iseu Ѓорге expansion Fy ow PeT, G Р, j2, 
Moreover, each vru t N masr pasting + ало а tag turbine. expands I Sea bopi ca 119. 
Accovdingly , “| P, denete de pressure and R epe ео, ture within the tank 
nto a pach color ino buat , 


(т) R 


= = Р, 
РСТ, | PN 
Rut PT would ао correspond to the Cond боа of fue Maid enkring | 
fur bin , so 
оа _ № " 


PCT) (^ Е 
C ричол “ч Eas (3), and USING data £r ova Ta ble A-22.- 


PLTe ) EN Pe m Се (iem F уз ) 20.4] => he= 40.48 Btu lb 
eo) P ж 


Since he is xed ر‎ 4.0) ре comes with the deal gal  езоађол of State (m= BV/RT) , 


Wey = SAU Me (Aw) => Wey = Cu, Uu, mMm Чт. \ the eR) 


AY) u _ [Р-У и, + Ve AY. fe 
~ RT, ; RT. * t 
à | 
= RV [ «m. (euch) d. Me G — &]| (4) 
URS T, Аи n | 


"TED 
With data Gur Table А-22Е i Uns 172.43 Gh lh, Pe) = {Р Pr (Te) 7 (3/55 (2.3) = ر123‎ giving Т 522. 0, 
и(т,\= 8.43 Bhr//b . 40010 аид 6:04) 


i 1j85. 

172.13 85.13 яо.4# | ALB -. , |е (5) 

loo Blut Me (Gova 144 ep) | — -(2 StL T DE 120e | |Ь.©р 
| (I545)aga1)( bf / 16 - ок) 

Solving ives Ve 1.03 £43 | 4«————  —— 


f Checking tw compressibitychart wrth. Tgí7 1000/2347 4,18, Pri- 3/37,2 = 0,08/ 
it Chin he conctuded Haat yin (decl 94i плоде і és appropriate at these States, 
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PROBLEM С. 140 


KNOWN: Steady state operating data are provide d for an air turbine. 
FHed with a h Сазе at its rt. 

Fined: Ое ternur, TAR гла аге and temperature at t^ Hn) va, 
ex: С and +e Asta La mong peo disc tiem wa tha нар гие. Show tia 
Processes 0n a T-s diagram. 

ScHEMATIC «& GIVEN DATA: 





diffuser 
AIR + 

Р, zibar 
tueb i ne — 

і Мз = омс 
کے‎ ж ete | 

= B Egis VS ISO т/‹ ы  _ a 
Т, боо, : 


Ua (00 mls 
AKSSuotDTUCOAÀOS: (1) ihe overall contre! volume consists of иљ SUM Control volumes, cath 
at Steady State. (2) The turbine operates А АҺ “alls (G) Elow thercuyh the 
diffuser is леи fripec, (4) Poe Һал energy effect can be tjnored. (€) Mr vi 
modeled as an ‘veel gag, 
ANALYSIS: OFor tha (sentropic procase of ait £re« 2 to 7» 5 Р. (Р, - P C27 / 2. (7; ) 
Ac cer dai wl 4 ) to find Р, ALG wire? В. (Ts) Gua Fy. Ch ): 

ас aud Cnevgy rate balances £e +he to bine reece to give 


Oz it eee -i 4 Vi 2 c hc - WE ash ие ES =) 
чә th и, Le “Table A-22- 





ct | 
hy = ~ 309 Ko /5 a29. p 3409107 (1 sv) — — | uL. | 24216 к 
LB FSS rj 2. ERIT ko 


Then, interpola h on w Te ble 4-22 а Pry: 72. bb, T2 = = 812K (611°C). سوه‎ T2 
Mass aud Energy rate етае fov t^ differ, reduce tv give 
о = Bev - м/с aw (Cn - ha + V2 ل‎ “Vs у =) Мз > Wu + Va V3 


2 
°° uc 423.64 CU)! -CoY 1434.1 2 les 
Looy 
Taterpolotingy ~ Ta 4-22, Pr3= 75.00. Thaw 
Р, - € Prez | Qoar \( 72206 \- 0.458 bar 4— 9 
+ l Fa? TA 


(o) Mass and en vog rate balantes ла doce to grue fer e kar loi ue 


Ox 2w(s-$1) 
witu E9. G- Lia Tos be coms 


с е s°(Tz) - SPCT, )- R tan г | p, | 





kV 
= CIAN 2.2381 - 3.0455 - wan an ( 228) [ E t5-K | ves 
kw | س‎ 


= Rall 
| K 
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PROBLEM QG.I4] 


KNOWN: 





Steam at am speu fred state enters a tur bine Ora expands 
adia bah etki with a speafied mare a fate Ga given exit prouure, 
CoD: Ca) De feruunnr Ha waye moun, + ar ¢ ot Power Uc Can Rx d e vala ped 


Ond the Corresponding exit dwoeralut . 
lbo) Бе a gwen exc F pere ала y deter nu na Hiu ‘сеи fro prc thrbrne een cy 






а 7: Itolof [in > 

SCHEMATIC € GUVEN DATA: 
س‎ e 

7 ^ 

{ : T 
Sav. Q! T€» 
8:140 Е | Р = 210? 

ім i Ll 


“T= 1000 °F 
— 
“лт 3-24 lp = 





ASSUMPTIONS: U) “The Control volume shown rr the Ф’ ола rs at 3 tea da, sta Ке. 
(2) For tte Contr V ol ove, Rey +9, and dtinehc/ poten fr af nergy effect E neqltşill e, 


(a) As drs use. w fec. b. ر8‎ the vox (Uu Fhaore ph cor power i$ obtained for 


an i sen trone c Cupantrous Sas 2S,. With data Fron Table A-3E,4€, h, = {531.0 
felle, sz 1. 8827 Btw/lo- OR, 


X25 = 1. 882.7 ~ 0.1750. о. 4787 








.7 +48 К 
has = ho + Хас hea ¬ 84 02 t 0.4787 ( lo217.() 2 1044.3 BHI , Tas = 26°F 
— gesos) |Le К Ci ane 
(Wea) anges GF) C53} - 044.3) (he) | ia; | Е, | e 2000 hp 
(ь) Tho. ‘fen tro prc ur bine «ее 9 ر‎ Given Si € 4. 6-45 جع مل‎ ۶ the Lorm 
“> М-М Е (ssi - i441 ) к = ð 843 (61.3) T 
hy Wes (аззү- 1044.3) Btllo 


uf Pa We vs obtained fron Vea ق‎ = 
PROBLEM 61142. 


a2 ie f-/ t м", 2.00 OF. 





KNOWN : S eam at a Specrfred state enters a turbine and expands a daba h ca c. 
^o 4 speafed state. 


PD: Dedernune Ка worl developed bo tre dur hinm per ver mass of Sttaw fto wins 
йолан нгы aus twa iSenivoarc Бли ио e fhiuency. ” 


| $M P^ 
SCHEMATIC T GIVER DATA: 
ibl E aatis SE ARDENE 


KE 
— f = SMPa T sees 
© / p © an = Goo?c | 
‹ р, = Sor Pa ) Sat. Vepur. 





ASSUMPTIONS: C) Tw» Control volume Shown in The Figure ts at steady, She, 
(v) tor + contol volume y Qey =0 , and Kinehe/ potential € «ergy effecti o^ ке ا‎ 


ANALYSIS: With qhe given arsumph ow, AU icen froy c turlorne efficcency | 
Eq. 6.48, takes the form 
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PROBLEM G.142 CCoentnue d 


Y+ = We lin where WE - h,- ho 
t ) v 
hje nes 


To hnd Mms, Table A- 4 gives ©рт 7. 2093 KJ/r3:. К. Than with data foun Toba А-З at SOK A 


хас so Eo 7.673- 1.0910 ` 09$ ; hes = + as hpg = 340.49 + 0.9 T (230¥) = 2530.6 ЕЗ 
| S4- Sf 7.5934 - 0910 У 


TES 264 5.4 €3|v4 ر‎ Wt/m = Lo ZO-S Kk 3[ro س‎ NI є[м 
ps 


“Than ; wiha kF 3666.¢ 62/65, 
. 020.5 62/69 _ 10-918 (818%) ea “t 


(3666.4 - 2530.6) “T/g 





PROBLEM б. 143 * 


KNOWN: Nitrogen (Му) at a specified state expands through an iurulated Jurbrne | ‚ 
at Steady state +o о. speesfred PAPSSUCe. Tha tsentopre Har bine — e given, 


Fo: Determine the tenperatur € at the turbine exit. 


SCHEMATIC. f GIVEN DATA: 





A 
Ty = 0090s 4 


ASSUMPTIONS: (1) The hrbme vs well insulated and at Steady state. (2) Kraete 


а а! energy effects are negligible. G) M, is modeled as ал ideal фа, with. 


AWMALTSIS. The Nsentropre $url ine ef froency fs 

Wevlm 

жым); 

With tne specified assumpt ом, mass and ener rate balances atlow this фо be 
? P 2 oy e 

expressed as 


N+ = 


Wy, ~ he 2 LLT] Ct) 


Ye = 
i М-м: 961 т-с} 


where Tas carn hes deter nu‘ne d ta 4 MAS Eg . 6-45 
р. ск-У/к (2 
ts = Th | *] ) 


Br m oL NIME, T мшаз] к RTS 
i 0.4/1.4 
Tes = USK Era = $oxa sk 
Tran, Eq- l) gives ™ Aue CONGR wat 
ту T,- Ne (Tie Tas) = (ASK -0 833 (443 7302.5) Қ = 320.1 Қ 
e т, ESS G «lt 


di'a gram. 


Thus, Є4-@) 4v 


Get 


ж 
PROBLEM G.144 


KNOWN ` Air ata vpecfved de wperatuice and Pressure enters 
an intulated turbine o pera hg at Steady stai and expands to e. 
Spec fied demperatnre and Pessure, 

FE mU: De dere. the work deve lp pe Ҹ per vty Илл. 5 5 Fw. 
and tha (еи opt tvr hine есек су. 

SCHI MATIC & GU Uo DATA: (10 tbt Zine 















^ — * GO ° г. 
| pd р : 
1 T _ 
' ) p IS lbt int 
‘ || N 6 
fouet l Q71S lbp Aw" AE (2. 
T,» 510% ` tT eo^ E | 
ы о 2.5 
=420°R =(20° R. 
ASsome1r OMS". 1. Tha darbina. is insula ed and operates e. t 


Stead y State. 2. (Cinette and poteu tor enersy effects ave negli Jı ble, 
3. mollad مه‎ an A dat gat. 

ANALYS: Table A-22E A ives lh, = 236.02 Вю /lb Pe, = U3 , and 

ha = 148.26 ЙЫ. To fad Nas use 


Р, P چے‎ " Y. Qu, St 
Pee шу Has P ($) en) = L424 


толе, inbvpolahny us Telhe ALLE with re) hag = 110.15 Bra /(b 


The — de wero ра d p sac V^ { frou, AS о 


W We/ ra 
Mt. Wc 236002 = 148,22 = 81,14 Be (tb سے‎ 


& 


WA 

THE суси корсо Ае ра efh uen = 
| elm | 81.14 | — 2.47 -— К, 
OW plun © 23205 - ous = 0.824 (& he) 
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PROBLEM 6.145" 


къоюн: Steady state operating data ere provided for a well-tntulated Steam 
turbine having fio Stages ГА Serves 

Буюр ` S Lalo d ba: Prinaya! States ox Ter d'agram. Deternune the state at thy 
eyit of the Se Cond stage, Determine the work developed log tach Stage, | 
per U nat of lA « fre of Sea WA Flowing, 





i 550 lbf (in = 






— ps T, = 700°F 

P, = SH tef lin > 

R= 200 Wf in т 
T3 = 14.7 lbf lint 

Nr: 88% 

“түс 3295 


доо fin * 


ч?!“ 





ASSUMPTIONS: Q) Each сом мъ volume shown un ths figure is of Shea deg Sha. 
(7) For eoun control Volume , Феу 20, and ernete/potenh'e4 energy affect! Cu ha ignored, 


APALTSIS: Steam te ble date еге hw, = 1353.7 Gh loy, түс 1.5427 6/10: R. Tuba rp le fin 5 
at Zoo btt wih 525 2 St) hes > 1245.2 Bh jib . Then, using the isea Моріс turbine egf Hen <=) 
of 4a Ау stage 


hi-ho >» h, = — o. Еи, ~hag ) = 13 93.7 0.8 (853.7- 1247.2.)= 12.58.2 ВК. 


үт = 0.887 lb 


nireks 
Tnievpola Rng at 200 л with ha gives $,z |. 6417 ВК//Ь` OR . Using 3,5 3%, 
n 


*3s = Szs- Se - (6:2 '1- — 0.3, Mss = hft —* hFa = iGo.1f¢O.4 (470.4 )= 1083.5 Bh / À, , 
39- SE чучо 
Y wy Ға Ce сел С y de 9e 
q^, using Tq ‘се г opt aur bine aper ne 4, 


0.47. (12.52. |- 07:5) = 067.9 Rte 


Mr = 0.42: ha — h3 a ۸3 = ha — o. n ит: ) > $827 le 
We =? 
LASERS hg 
y, > Bahe teta > 0.4 (975) 
hfg 470. 


at + wet T‏ رط 


u fixed °9 ая Pay tty Sz. Thes ee 
/ 


Tua Stitt ode erit of Sge Т 
л Sheyn o Fixed by hn A Pa, йз, X3 
Th, wo өт- < developed ~ “Latha | Mag e ^v S-es La obtained Gy Ado acing 
Wen SS یسه‎ Amar o pat. Ra lances to vive 
Creve) 4 ~ h~ has USR7- 01258.22 ISS 8 k/ le СГ, 


(vu: и из Meas (064-7 = 188.3 T/6. 
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PROBLEM 6. 14 


Known: Steam at а known temperature euters an in sulated turbine amel 
expauds {о а lewown pressuve. The isentropic efficiency is specified. 


END: Delerinine the vange of turbine iulet pressures that insuves a turbine 
exit steam quality wot at (east 40% [er гѕеміторіс ічлүблйе ее eucie: of 
(Ay gofo jb) hol; aud Ce) 100 7o, 


EMATIC Í GIVEN) DATA; 
(a) 60°F, 
Мұ Ce) 10 


(c) оог! o 


Es3 lb£li* 

XZ 0.9 
ASSUMPTIONS: (1) The — (s at steady stode, and Qu =0 .(2) Kiñepic amd 
poteutaf energy effects are negligible. 


ANALYSIS: As shown on the h-s diagram, p, decreases as S, creases. hus, Me 
maximum allowed робе inlet (үези те covreepowds to tan соле UJ 
0,* 0-4. For amy pressuve less {on Ys, Х„> 0-7. 


Thus, with х. 709 and dade. for he ond hgg ot 3 bfl, hy is found from 





haz We 0.4 hog с) 
ond Nes = Wt Kes Mta (2) 
Tus h, -Ua = kh - hy - 0.4 Mea 


Wy? 3) 
t ds мм: Kas hy 


For a gwm value of p, , there is a correspond’ value of h, and) Xas. Thus, 

PARA Pan Mu is аиа мк Md Gad called бот (2). Using IT 

ди Аеш ше ено рет. Г МР process z used +o e ба Hye IN СЕТА 
«d. X2s alusa 4o gwe a da) r ed value My : 


Ди Code 


Т1 = 400 // °F 
p2 = 3 // Ibf/in.? 
x2 = 0.9 


h2 = hsat_Px("Water/Steam", p2, х2) 
h2s = hsat_Px("Water/Steam", p2, x2s) 


eta = 80 
[Т Results 
h1 - h2 = (eta/100) * (h1 - h2s) "or (oJ 
(a) n = 8096; (pi) max = 116.1 Ibf/in.? 44 — — — 
h1 = h_PT("Water/Steam", p1, T1) Cb) 
s1=s_PT("Water/Steam", p1, T1) (b) т = 9096; (P1) max = 80.04 Ibf/in.? ew 
525 = ssat_Px("Water/Steam”", p2, x2s) 
51 = s2 (с) n = 100%; (p1)max = 57.86 Ibf/in.? e 
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PROBLEM 6.147 
KNowN : S Heady - State opera hug data are provided foc a throttling 
va\ve in parallel wrth o Steam tur bing. 
Frm O°? 


de power developed 64 the har loin and the. 
ила с flow Aske through مہا‎ valve De fernune ths "cane 


e. Боул) 
pe doc hon do^ the tur bins, Valve ,and Waring Chamba. Locale 
кеч States o^ an h-s do ran . 
SCuzmAucd6lvZN DATA: 








T = 90% 


3 
р» = 200 Ibf/in? 


ixi 4 
ж» 
2 - ie ose p4 = 200 Ibf/in.2 
1 = 
m, = 25 16/$ 


T4 = 500°Е 


p; = 200 Ibf/in.? 





BRSSUtAG TIONS. l- 


Con tol volumes tucesssnrag thr turbine, valve, and 
VA LAS clon bar e b Stead 


stele . For ach Оси = Оо. 2. TH 

expansion across {ма Valve v e. throttling pouss. ?. kenehe and 
poten haa Cu ers, e(t Can іал i3 nored, 
ANALYSIS: (4) Consider ns an overall con hol volume at Stead Stade 
w cu dang Ths turbine, valve, and mawinga cham ba- р Mary and energ yor... 
halanan reduce to give Wa = mlhi- hy 1 ; бә oth date [e owa Ta ble A- YE 

Ne = \ — Bh- 36005 

мъ (as | 1350-- 20$. 23 BE | 


s [| NA 


) 
25:99 Btw/A| - 2815 ^p — 
(о) Then mass and леса, As Walances for a Cow. fol Volume — 9 
Te turbine qve Weer = hz]. Ой tos i sen mte tur bine 
epiac: Mp S (i )/ Chı- has) am Ch - 3) helh- Азу). Жо 
Wt = me Ne n Lac) & me = Е ‚ МАМ S= 53 = 1.5272 Gh«/ 16:9, 
Takie А-ФЕ аме; Mas? 12-34. 6 вп/ (6. Then 


vay = sy (139-6 – 1268.8 ] _ «ан 
Со.а J390. - 1234-860 





Тил mast Сом سد‎ Valve о thn vm a WW voy Or 


Ф) 
pays m p: 25-1463 = STF lols 


i —— 


с) Mass and Ad Li ral balances fw ths Valve Jive 
Ty = my [Sz -S, | 


‚ = ` 
Sima ha whi) saeu fixed by ha? 1139-6 [Ib , B = tootef lin » giving 
i 1™~ ) : ! КА 
Saz (7024 Gh lb: ©К. Also, s, = S672 S/o f | 
| 3oN-1. $8101 BY - 0.60186 BE bs 
Cy > ($.37 ip (For is р a2 $s OR 3 — 
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Рров ем 6/44 ( Cond.) 


Mass and en tony Ca te balances fy th. tur bits 7 


Hemel Sg ~5, \ 
То find $3) Use to isen Босс bar bins бсле c4 Te set 


aa وا پد‎ = й. - Ne Chis.) = 1350.0- A (1380.6 (23V. Y6) 


= (246.4 BM//b 


Nt = 


Tatvpolahvs at 200 lof lint in Table A- 4E , 33 7 Lo Bh/lb OR. Thus 


туу 1a3 16-1589; J= 0.2813 Bh Curb 


or uu سا‎ 
Mass aud tn to Cak balances fm илле chamber q^ 
que" v 4S4 ~ me 53 = WS 2 ) whavre Sac 1-0233 BE fern Tote A-¥E. 
Thin 


О 


‚ BOS (e234) 4-3 y (e) ~ ©з). 7024) 


© 2 0.0416 Be Tix 


ЖА ы = э ы  — 
SOR 


і. The total Asks 4 entropy (roduch m: Ty + ry, + — 0.4149 Ві |... Alternatively 
Mass and enlony АХА balances fw an ovvatt C v tvol volumet ла фу cx. 
to 
Tera = "C Са SIS as[ 6234 - 1-5872] = 5 Br/s- ope 


Which is мА agim Po with +ha above- Calcula led. Sum, 00 tx pected. 
Also, nete that an enersy balane m the naning لہ مان‎ S Cor fo 

ms, hy = Wwe и; о ЧА 2 bi - eser К; ралоо, de oos eR d vo-Loso ر‎ 
T^ оул oA is Sahsfied , Providings 6 cheie лд the data. 


PROBLEM 26.148 


KNOWN: Steam at 66 bf /re*, 350°F, о 1 5 enters an insulated ^orrtle at Steady state. 
and exits at 35 105/71, The isentropic wossle efficiency c 440/0, 






Егор. Determine the velocity at the созде ext. gla" 
NYC 
SCHEMATIC € GIVEN DATA: Qo 
Ylxosyte = 94% 
R260 эн Nikos Pa © 3S lO ^ T 
nis3ser | | gl 


Vis to H/s | | 
ptt 
i 2 
ASSUMPTIONS: (1) The nozzle /5 insulated and at Steady state. (2) Poteuh'al energy 
eects ore negligible. 
ANALY SIS: By E4. 6.47, the ltewteoprc nozzle efficiency $ 

Va /2. 


ч /2. 


nege = чу 


where, Ves /2 is the exit Деме ће energy per unit of мла; ئ‎ for ач (fen Ílvoprc expansion 
from the Given nlet state te the Spea fied exit pressure. 


An tnergy rate batance fw the мозе vn whem the Cx pautiron is rten tropic 


vedvees at Steady cate to gire 
o 


о 5 ; 
02 fey - Wer ae “(М-м + VE Ves + $ Cu)) 
5 


Thus 
з 1. 
Nas т M ens (2) 
2 a 


Prom Table A-46 hz, = 1208.2 Bh/lb, $2 [Olo ОЬ. ер. And wrth Sages, Table А -26 


Gives 
Къс з jas - f£... 1.6820 -0.3#05 „ 0:447 
66-04 l-6873- 0.52904 





AC cor ёсе 
mso Wa Жы hfg: 228.04 + 6.44€7( 44.3) = 14.24 Bha/ lb 


Subert hi thing Vatues (ndo Gq: CC) 
Tb 32.2 16 fA 
Var (юу + lros. -ne zy 08) "phe — * 
з. 2. 


= i o13 (Hs) Sy Мз” 1484 ИН 
Шу» {ее (tN) = 143191: 4 


Re tore + EU) 
— V2 = \ We gle 
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x 
PROBLEM 6.147 


KNOWN: Steady State operating data are providad for an insulated hops le. 


FIND: Deternune tre exit veloc 
SCHEMATIC т GIVEN DATA! T \ — 
ы e EEG 
Steaw і y | — 
(01809. | کے‎ 
T2720 C | Pos OS М Ро. T 
o 
Yleoyste 2 qq Yo 


V SS | 777 >>, 
4 P ed 


i 
| 
| 
2 








ASSUMPTIONS: CI) "The control Volume Shown in tt зеге is at ready 
SLL . (2) Rr + Cem hol volun, Qey =O р © potentiat energy affects ave neslig be, 


ANAL TINS, The Sen ho prc “Wo pele eth ‘ci en $57 C4. 6.49 , mie ws 


POENIS Ct 
Na < “е Nos ) 


ол baa Vas i's tha r+ vetoa fry La- Фл геи honie en Pan ол ` Consi do ing 
Fea зело ес еж рди? ил adr mare and enorsy b se n eno q hes 


1. (2 
2 Ls | 
WM dede, Rem Tabla A-4 , hyp 31004 Зз, S, = 1.3047) К/К. T) 


Sud. нани votua in hy (2) 
a) | езт چوا‎ l iu | 


2 


Va 
835.1 9. =) bn aid ЕЗИП Md 


PoS о, 


11 






PROBLEM 6.150 


KNOWN: Aw enters an ‘nsulated no33 le at Steady state ata specifved state aud 
matt Flow rate and exit? at о. Specified pressure cuith a Enoum velon to. 





Find: Determine the exit area and us 'senvopre — сылай "$ 
SCHEMATIC г GIVEN DATA: 

A1. ч 

{= مق‎ Lf A h 

T: ios? ج‎ — Р, = Setbflin- 

Viz teptis | fF Os, 291449, 

wa? 0.4 ls 1 | 

2 


ASSUMPTIONS: (1) The noggle г; rnrulated and at Steady Stade. (2) Po te tva | 
energy e {fects are neglgrble. (3) Are vs modeled as an deal 9a3. 


ANALYSIS: Tha isentraic кезе Mneney o Soe Oy 


2. 
Мз. 
oue 2 We C) 
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PROBLEM 6.150 С Contuved ) 


where. Ves it the ext ve (o ce ty fee an CSentropre ерон; гои frou the Spec fied inlet 
State to the spearfred egit pressure. The veleu'ty Vis can be found from an 
energy rate balance a rteady tte 


о о 2 2 z 
- AET w (hı hes + Vi c Vas US l?) 
О Sou Wo + ( Q7 Aes شی‎ + жи )) 
Nas = J vta ah, ~has) 


From Table А-72Е, h,= 188.66 ВАЛЬ , Pe, е 1.78. Ucing Es. 6.43 


Thus 


Pas „ PCTs) ne) = (22 \-78)= 1.25 
Po Pr ch) ae ом (2: X l 


Returning te Table А-13 6, the corresponding Value for has is Mes? (21/3 Bh//b. Thus 


Ves: J Qo£tis)" +2 (132.66 - i21. 13X Bin lb) (77840 Df )( 222 E 
Bie lof 


= 437.2 Hs 


2 е 
Finally, E.Q) gives Мое = E о.аў\ (95.19%) оче 


The exit area Can be evaivated Irom he mass flow rate огло tke 
ateal gas equa hon o + gate: me A; з / vy where v,e: RT/ А. The. ext temperature, T, 


can be evaluate d fro ua An Cn ergy rote balance: 
С o . о — о 

Oz E, -Wa + № l hi- ba + Ez eg) (3) 

dez t 2 2. 

Ф heathy а МАМ. 138.66 + C CT. aad ву 

к> 2432-21778) 
Tnlerpolating in Table ADE, 75,5 $105 R. Accordingly А 
2 


1545 £f 
Az n ARR S, (o b/s ( жат Ben Хәер) > KI T. з = =—== 
VOR TRL QOM) АЧ: Казга) 








rate balances E442) and C3) are for {a 


L “The energ 
ac had ал fé. P C ma rae spect 


Stn ope ans 


PROBLEM 61571 


К NOUR : Arson enters an insulated noz3le operating at Steady ST» Ta. 
at a Spec fied pressure, tem perature and ve lon ty and ex делчї 
To a Enon restive and veloc | 

(aD: De va tre xot temperatarre , T^^ (Sen Fro ү сс. ino gle 
есек сч у and the Ast 4 ea trop sy produchow per Unt masr {flowing - 





SCHEMATIC A GIVEN DATA: " 472 bar 
Areon Kee ee — 
— inne. P Ё, = tbar 
4.37 ben , = | V C4Cn|s 
T= goo 1-77 — | 
> ом [5 А 





ASSUMPTIONS: I. А соло 1 volume €n doting Ta nozzle го at Shad 
Shta, 2. Br tun Cmbol VYVolumt, @ 20 and poteet caer; yg e f fecti 
0 Con مط‎ tA mored. 2. Arson (4 modeled asa an Adeo qaf. 


G- SS. 


PROBLEM 6.151 C Contd. ) 
Awacrsis:@) Mass and елей rots balancer ла Хосе to "Das 


t 
o = Shes - ev + eS «eu =p 0> М-и, = мм 
= ے2‎ 


Or — $^ce < e сомса мі ~ Рус qn مةه‎ an معلا¿‎ Sas: Cp = S/2 R (T. A721) 





t t4 a N 
O < Lm- Te) + VN => mith V. -VI (зоок) + (оў- (ec) ] Is") 
Б cp 1(& )( $3 nom 
> Aga #2 - 


= Q00 K dut 
(o) Tha Sen hop sc моз y le efficiency e ques by Es: 6.49%. To find Vas 
requires the jew pera hare et Sha 2.5. Since ср SAR ) K> 1-666 (€4.3.47a)- 
Equalim o. 4S giver 
| А SIT | * 
= 2 = ma | т; = S65 , 
Ts = TB) зоо [ 22, | 2 2$ K 
Then, Gapping mass ond energy Aate balances to the isen Һор гс 
£X Nan sium , we et 2 „а * 
ч. 
6s co ]ا‎ -Tes ا‎ * сы 27 Nas. > E + Sp Ст, -Tas ] 
— 


T Vas (lo wis) 5 | 531Уу M-m i200 ~ fos 1K \ e| 
Mes ODE) + SIR well JF mw 
< zzo olmi) Са 672.4 wis ) 
J Y Nozze 


n= Gave с оаа (414%) 
"ege 226, tío 


ic) Reducing Vass aud tua ر مما‎ Aska lon 1 ал CAS y ns with С. 6.27 


n —Ó— 
* 


WA 2 


Te = 5. -$, = Осу . ср dn > - اسا م‎ 
inn ( 
lw. tw ер > 5/2 € 


gy кро mK). (выч 2) (gp, we tac | 














i С A 4.4% Bp 1300 
= о. 0209 5 Ow [m 
15 |< 2$— —— 
|. Checking the generalized  Cowpremibilk, chart wrt 
po. Р: ط132‎ 16.95 Pere Pu سل‎ = 0-021 
RI Р. 4B bar Re fe^ 486 


Tre adest gas mode) is а cce pes. over e Wide range J var n 


мл CUu ding thoce here. 


G-(SG 


PROBLEM 6.182" 


Kroown: RIB4GaA enters a com pos 65 07" о ресе tns 2. боо а са lle at 
Steady chie as a Saturated Vapor and txit at a од (As irre. 
Fswd: Ce) Ое bernune tha winamum -r^aere H c— work ven nut per 

unt mass FHowing and +t corre? fen dan; ex. t їе impera darc. C5) fer e— 
speafied ex t Heme paratare | de . thre Sen Iro y? rc compusi or e fhtien су. 
SCHEMATIC 2 Суы DATA: | 





ASSUMPTIONS. 1. Tha con Nol volume Shown lak tre ocha mate operates 
O^ Shed, state with Мө оррласс tarih with tue Swrroun dinya: 
2. Knehc and pole« d o. energy efiech Can be ishered. 


ANALYSIS (6) Tina mass energy , and en he py rate balant reduce to nla 


(Уе). ha hı ) By = 54-8, 
Tha worl input decreases ас h, decreases, The en hony balance and h-s dvajraw 
Show twt the cmallett allowed valus fw h, corresponds to S028, where 
a$ = S|. From Thole AIOE, at t0* | QW 21046 Blu/Ib, $,:0.2t08S Giu fib". 
Then, ли pola him ex Table A-t LE at ho bE {Т Ge Pr fass, e ve t, Tag =98.9°F 4— 


and Vase lil. 04 Btu /ib. е г” 
CU) + Mace he = (Uoo 7 (04,00) = US Blu / [b йч 


b КЫ ш Sen tonic Co vere $ $ ov e [fetu = 5 = мем 64 C4 , ©- 50 , Ww bch. 


- (as ILUS R 
М, = hag | " : | 
© TAT o ULNST-QWGU 0,84 0.616 (G1. G fo) — 


where ha уз fran. Tia A-E at (то ibe, 120°R, 


CAST 


PROBLEM 6.153 

К. юошч. Аге enters an tnenlated comme (for operahng at Steady State 
at a Speafied state and Mass flow tate and ем at c. Known Posture. 
ED: (a) Defarnune the vu moe Блоге hc power input and +a 
corresponding exit R m para ture, Co) fir a 5рес һе ext ирас ta, 
de H power input and tha isen borec Compass or eff u'en. 


SCHEMATIC GIVEN DATA: 1 
EE EX oo ecreases 





ASSUMPTIONS: C) Tre Compressor Operates at Steady state and Dey 20. (2) 
Kinetic and potentra ( energy effects are negligible. (3) Arr rs modeled as an 
(D ideal gas. 
ANS ALTSIS: (4) А Stead y state my Rash, and an energy rate balance reduces Ўо 
L Wev m mh Ct 
CX) so | 
An entropy rete balance ot Steady state gives) 5-3, = Cev/ 20, The work 


input decreases as h, decreases, The h-s diagram and the entropy balance 
Shows that the mallert allowed value for “ho Corresponds te state 23, where 


Se Jag. That i5 
m W \ | 
go — ha ;- h, 
м гл 


To hnd hes use Pr data from Table 4-22 and 


Р. (75) . Pas " AY 8.1 =19.b 
PFET т, => Pe (Tas ) > r.a a) = [3860 22) 2; q 


Interpolofneg sn Table A-22, Tas = S004 К, (287.4 °C) э has = 565,5 Ч к2/к9. Thus, with h from س‎ Tes 


Table ^-23. 

— We = = - 

C Wer J © SOS, 54 - 30044 = 265.55 kI 
Cw. ' 
=> CWev ntn > 294.8 KW ^ j 


(в) Ty: OK (3479C), with his 028.01 coles From Tet A722, Eq «(1) 


poe 
б — hı —h, => ©28,07 - 300, 4 = 321. e A. 
WA 
g uJ 





> (-\Wev \ = $64.3 (-Wwev) 


u h~ Es. G.SO 
«&—— —— — he 


. ач“ | о 
Mk uc = 0,804 (80.9 */, ) 


T. Checking the compuscinn р chart with 


0,45 ber. QOS, ба = 21 > 0/23 


37% ? bar = 
indicates tbo Ho ميفلا‎ gas nodad ف‎ val d Ov A widi Amge 4 VO perartw e 
wcw ding those here. 


Pri = 


С -158 


PRo&BLEM 6.15 4 


KNOWN: R 154, enters a compressor at steady state at a srpeatied state and 
eyrts at о. тресе pressure, The Isentropra compressor efficiency 
rs Елоии. 

FIND: Determine the exit temperature and the, work Va pat per vuit 


mass of R 3% flowing, 
SCHEMATIC È GIVEN DATA: 
We = 0.757 





4 бег. 





Ri34e, 






Saturated 
Vapor at 
—4.9 C 


Pa = l4bar 


ASSUMPTIONS: U) The Compressor operate: at stead State . (2) Heat transfer 
——M— 

het+ween te Compress er and the furroun dings Can be Ignored «4 Can changes 
м kinehe and potential energy frow rule? to ex. 


AMALTSIS: At Steady state Wis VA SM and an energy rate balance reduces fo 


pee = h.-h, C) 
wa 


Simli, fan OW ife» teo prc COMmpresz i16 A 


Ms- h, (2)‏ = کچ 


State 2$ t heed hy Р, > 14 bar. and Sas 2 3}, Frum Table 4-15 ,«t-49C, S,7 0.9213 к/к. К, 
hz 294.496). Trterpolahon ui Toe A(t at |4 bor, f cz 280.33 к8[69 . Тиме 


~ Wev | 
a = if 1 * ` I * . kJ 
CES) шоюзз-2444- 3543 


The (зе орге. Com pro SSor e fh 6 en t Y Şiven by 69.6:50. Thus 


(=н Gels, Is , nu ) apad ga ے‎ Sono 
W^ We. 


0. 7j- “1 
E qua hos (1) allows hy te be evaluated: 


hy > h, + ( 7 еы | = 2444 + 4 1.24 = 242.1 kD ES 
fa. 
Trterpolatng in Teble A-l'Lat itbar och b, 22644 с mm 
PROBLEM G.15 5" 
KNOWN, Steady-state operatng dete are provided for sa con pars or: 


Eind: Deternune q te air at thre. conp ssor exit and 
ماد‎ Ake em 2и мо ро p^ duch on per umt 4 Ила 5 S f tow ha. 


SCHEMATIC Ў GIVEN DATA: 
Nes 7.46 


P=S.batm 





AIR 


T> 40°F 
ge > latm 


ASSUMPTIONS: (1) The compressor Operates at Steady state. (2) leat transfer 


between he Cow pressor and the surroundings can be gnored as Can changes rn 
Live NC and potenhal ener sy from га led. to ert. C3) Air can be modeled as an 


(1) ideal gas. 
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PROBLEM 0.155 ( Contd.) 


ANALYSIS: А+ $ tead у State maass and energy rate balan es Give for — 
Ос twat and isen ус С е $5 1 ومەه‎ respect 


C wet) ыңкы P (-9x) = has - h; 


The isentropic compusser ~ffriuienty given 64 OG. 6G. so: 


Yor ( - wer]: 2 и; - и, = ho = hi + Chas—h, ) Ct) 
(-wev[ ) Hr -h, nc. 


From Tab A-2UE X SHOR j lí = 14.46 Io, Then, with C4. 6: %3 


Gas бе] ] = Los4o [£e]. 4.1044 By Vus 22021. ЄС) je 


| mE T 
Mh = 4-48 4+ (zitt 114-48) _ 260. 28 gi 2) i Logo ( GW °F) ج سهب‎ 
0.444 


(ass and Cnty Ac ba lancs Ao toce То p" ug. С ӯ: Ola 


Sev, =  SThR)- SUT) mÈ e РЈ = O. 64-6 $5233 gov dn = | 
' Grevi m 


= 0-034% Bt^/ (b. 01 
Ta. 


vost i loi li‏ مے 
PROBLEM G./SG‏ 


known: Steady state operating date are provided for an ar сопла stor. 
Емо Deter nana the power input and rat entropy Prodveh nma саги 
(в) Table A-22, (5) ZT, (€) constant k= 1:39. 








SCHEMATIC 7 Given DATA: | ең” 
С T 
AIR, / 
e loa 
$zleac^  '! 
T 2 350K X udi 
wigs — 7 Е 


ASSUMPTIONS, CU) The contes! Volume Shown fH ths Fig wa is et Steady 
state. (2) Tec the control volume, Qey=O and Krhetre/ potentrat ёду 
ets can be ignored. (4) Air ù weied ao an deat gas. For tolut'm 
metod (б) pra тре сс heat naho vs alto constant, а 1.89. 
Ak COS: Redoch o^ of watt, 2uergy, and ento py balances with 
Weg w^ (h~ Ma) а) 
ease 1-2з. With date feom ToL 4-22 


(a) Аге Ta ble Analy sre > Conci da- yeso 
hı = 390.44 E3[e, , S? Ch) = 1.25709 FIle E, an d 


2 Е - 9.5106 
Prjas = Be Ро = (Abert үт 374) S 


А i > ۰ 
Tnt polation لے‎ Toe A-Ll r Ves has = 520.98 К2163 - Then , tang To rseatroyre 
9A. x i 
C o vere oS vw &{ те e 
vA, 2 Маз hy = hs hit his-hi зуо. 49 + ( Suo. Ag -350.44) - SCB8. 4 —X 
Ne o. 


{-1ь0 


PROBLEM G.I5G CContuved) 


Tum interpolating a Tott А-ё% with bg дува 5%) = 2.3297 9/6: K. 
Subshhtng Valuso in E 93-1), (2) 


Wey = m (hy - he) о ar: ш 


Shea ЖЕ ye у eL) - Rin PR) = (49) (232¥7- Lesti- BIIY by 4 Ek 7*5 


2 -207kW wey — 





=. 27.47 


= KTS m | 
= 0.0698 57h - 0.0647 KW | 


8 
(b) IT Code IT Results 

p1=1 //bar h2 = h1 + (h2s - h1) / eta n = 0.82 
T1 = 350 //K h2s = h_T("Air’, T2s) T2= 553.5 К 
mdot = 1 // kg/s 525 = s ТР("Аіг", T2s, p2) Т = 517.4 К 
p2=4 // bar s2s = $1 hı = 350.3 kJ/kg 
eta = 0.82 h2 = 558.3 kJ/kg 

h2-h Т("Аіг", T2) hag = 520.9 kJ/kg 
Wdotcv = mdot* (h1 - h2)  s2-s TP('"Air', T2, p2) 
sigmadot = mdot * (s2 - s1) W  =-208 kW o 

| | CV 

h1 = h_T("Air", T1) — = 0.06993 kW/K 4— 


s1=s ТР("Аіг", T1, p1) 


(1) (c) T4 422) k к= 39 Analy 51$. App! 1 ©. sad осот 1—27 
1.34-. 


к=! 
sS = Т ЕЯ = = sof ы | 48$ - su.¢k 
P 


| ar | — 
| re Coupa ssor а 
When Ei сом тиф) Ср = constant, et 99 | epus y 
м WT) 


- 330 
Wes MO ep UTa- 11 m 1 2 Ti UR TU = 2350+ (S16. td 
C = — — — — p 


e ẸL 
سے‎ > "A 
Nem hi Ap CT -те] Е Чу gS. (© 


W Ам. Eq 3. 4" «— 
„за C9328147) Verk „ [0t Eer К 


am Eos [34 - | 
AC eode a А Cas. 2, (2) gv 


Wey > мл (hicha) = Ww Cp (т, -T) - ( egy Lo.) 375 — $2.9] K 


2 207 ЕЈ = - 207 RW — — ج‎ 
= S 


n 


(ep ore ур S4 EX eu] 


soes EYE = 0.0697 EW aa 
K Ж 


|. Daspection of Table A-LO indicates {led к> 39 с a Suitable constant value 
for tira jntervet from T, d» 72. Thus, good acasa vat vd is reali sed be fto een + As 
елін 4 thas part and these « Parts: a) and v). 


M : СС „ани А7 


Oey = м Re) = 7, P 


н 
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PROBLEM 6.154 
KNOWN: A Compressor operahug at steady State takes үи atmospheric aw 
at a kuown muss How cake and dis cMarses aw ata qivew pressure. 


END: Plot the power requived ond he compressor exit Lev pe vare each 
VéYSUS Compressor usembr epic efficiency ом from 10°/ +o loo%. 
T 


SCHEMATIC 4 GIVEN DATA’ 












Paa. 00 04И, S40 
С lo, RS bar 
m = | ka ls | 
m L Power e requwed = ~(Wev) 


ASSUMPTIONS 1С) The Control volume shown ts at steady stale.) For the 
control volume, Qey?O. (3) Kinetic amd poleuhal evevgy сілолфеѕ {rom mlet 
fo exit can be 14 nored. (4) Siùce Me incoming avr is atmospheric ‚оде 
assume р=1Баү and Т: 20°С. | 


AWAYSIS? The mass ond AA EN uy rate balances reduce lo qwe 
power requred a ~(Wey) > үм (м - м.) | CD 
The eu ula h, cau he detevmined since ord T, оле [алои from assu uw 4. 
The envoy bre is found USL Us compressor с шс Mesas follows = 
his а) 
Na = М, + aa (2) 


where has Cores ponds +o o^ iceutropic coMprecsiow from slate 1 +o Pe. 


mle lou 
A sauple cale la un. will be pevformed ugtve date from Table A-22. 
From He table; М, = 243.2 17/164 ond fe 621652. Then, from Fa. 6.43 


PCTs) = 1.21652 ( =) = 6.3826 
Tuterpolatihg in Table &-22.*, has 464.8 bY ka . Accovd& Ala, for N= 071 


(AU4.9 - 243.2) 





h „= 243,2 + | > 538,3 5/4 
And 
dis (1 K3)(538.3 Т kJ | | lew 
im وع م‎ 3- 243.2) [LEW] a 2464 kW 
requared э | «t/s 








The software IT is used fo genevate date. tor the required plots, 
as follows: 


(,-162 


PROSLEM 6.157 ( Cont'd.) 


ІТ Code 


T1220 //*C 
p121 //bar 
mdot = 1 // kg/s 
p2 = 5 // bar 
eta = 70 // 96 


Wdotcv - mdot * (h1 - h2) 
power = - Wdotcv 


h2 = h1 + (h2s - h1)*100 / eta 


h1 = h_T("Air", T1) 

s1 = 5 ТР("Аі", T1, p1) 
h2s = Һ Т("Аіг", T2s) 

525 = $ ТР("Аі", Т25, p2) 
525 = 51 

h2-h T('"Air', T2) 


PLOTS : 
250 - 


200 
150 


100 


power required (kW) 


50 


280 
270 
260 
250 
240 
230 
220 
210 
200 
190 
180 


Тә (C) 


п (96) 
85 90 
n (96) 


IT Results for n = 70% 


hy = 293.2 kJ/kg 
ha, = 464.9 kJ/kg 
һә = 538.6 kJ/kg 


Т, = 261.4 °С 

To. = 189.6 °С 

-\W |= 245.4 KW 
CV 


These results compare vevy 
favorably with Mose ob}arred 
d^ Аме sople caloulahon feom 
table data. 


Note. As nN, decreases Pe 
requuved POW in EASES 

as does Ho exit euperaiue. 
This is expected.. 


PROBLEM 6/58 


Мом: Operating data are provided for œ ішо stage turbine at steady state 
K P 9 P $ y 

from which steam fS Cx ivacled between the stages. 
Его: Determine the power out put. 


SCHEMATIC $ GIVEN DATA: 
NE 75% y= 85% 


Parl іы. 





В = 1000 АУДЫ Р. : 900 te f/f 
т> 400 of L^ : Zoe lof fta * 


Күк Bolos Аз = 4.5115 





ASSUMPTIONS: (1) The tur brne Operates at Steady state. (2) The Рур through 


each stage- occurs e Зара tently . (3) The ex pansion through the valve rr а 
throttling Process. (4) Келеме and potentral energy effects are negligible, 


ANALYSIS. The totai Powar developed з the sun oj the Power deve loped by rhe 


iwo steges. With the listed Assump Hons, mast and energy vate balances reduce 
te Give 


Wa = m GS) + CHER Сз ha) 
Теодос з the isentropre Fuebriue «(fetu ty Р (Mahal = Ne (ha- has), CO 7594) Ne (hy ~ has), 
Thus 

Wa = Wy L m, (ha. hss) + Gua) Ch has) ] сз) 


With assumption 3, Ws, Se, state 2 is dined by 400154173: and hg 2 1449.1 Btu//b ( from Table 
A-46€). Trtearpoleting in Ta ble A- 4E, 54 2 1.6 228 Biusib- eR, Stare 34 8 dived by 200 (blra ® 


md $у = Sq. Tnterpolating , has = 1267.8 Ву Ib. Using the isentropic turbine effrerenty 
ha aha WE Cha gs) = 1448.1 ~ O. fS (1448- (267-2) = 1244.8 81/1 


State 3 is fred by hy 1244.9 B+u//b, 200 lbf /i4?, Tntevpolatng, دوک‎ l.6503 Btu/lb- ор, 
State Asi, fined by 1 104/097, Ss, 6503 Gi Io: R. Data fron Table А- ЗЕ at [1541-5 
allows 4^8 quahty do len беилм е d 


Хас̧: Sas- 84 ۾‎ 1.6503 ~ 0.1327 0. $224 
Sq- %& i. 8453 


hasz hg 4 Yat 206924 € 6 t4 (036) 2 421.7 Btu / lb 


Cosee Ws Values into € 4. qi) 


| (| | 
We = o. BS [ (B0 this) | 1448.1 -1267.0] Bh + (25.5)[ 8 -42 J) mw (ас pte A 








= iF, 143 hp 
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PROBLEM G./59 


KNOWN!  Operakna date are provided for a gas terie/ne power plant oper- 
ating at steady state. 
Ею: Determme the net power develo pe û for eech y huo Cases? (a) he 
turbine and Comprestor Ore without internat t(rreveribsh'h'es , (b) the compressor 
p: turbine efficiencies ore Ba and $$ 7, , respectively, 
SCHEMATIC I GIVEN DATA! 
US MANE € ONEN DAT! 


Compressor 





i 
R= P4 < 0-45 ber, Р. Ру: 5. 7 bars 
Tz 22°C , T; = look 
m j? 5ке | 





ASSUMPTIONS: (1) The gas turbine pewer plant operates at Steady ctate, (2) The compressor 


and turhine operate odcabat cally. (3) Кеме фс and potential energy effects are 
negiigible. (A) Ave îs modeled as an deal gas. 


An AUCYSIS: Ce) М Ve = lOO. т» tars case, Mast and nergy rate balancer at Steady 
State Give the СҮ ek pression for the net tw ork developed per vart matr {осма 


Wnet + (hy has) Chas 8) 


w 
X Compresze 
pee a fuput ‘| 
From Ta ble ^-22, hı = AISAT З/д , Pri = 1.2069, hg z 116001 K3(k9 ; Ре 167.1. Then 


Peat PEE]: .з%®В[ [= 7.8408 => has: 493.03 кз/к» 


Fa. 21: (e1. [ ss]: 27.95 => has: 706.5! KR 


Tuus 
Wnet . (16102-70650) - (44303 - 94507) = 454 $C - 147-56 = 256.7 k3 
^ кә 
جد‎ м - " 33] 5" |. — — 
D Wnet = (6 £I ( 256.7 2] Lays] = 284EW 


(e) М: 0.82, “үз 0-80. Тл ture Case the Wed work deve (оре Per ond mass flowing /i 


W net = (из- ha) - Се, -А, ү 


"S tw bine Compressor 
| out put input 


Usingdne Compressor and turbine effracencies 


bs -hq): (hs har) у в-к Chase be) 


We 

Tuus 
(D Wwet . My Ch3- has) — Cs - hi) 

Ww We 

rx 0.9% ( 45456) = 147-86 . 3%.3%— 241.29 = 145.04 EJ 
Жал 
* kW m 
= Wnet = (s ese) 14-5. 04 EA E 7 2.5 (< US — — 


. Tha effect of irceverihi li fies is to decrease +he work develope 
| EM Mh еседа the work лад оге 4 “ү q E ad doy eren, 
pha ^et work | devectepsd vo نہ‎ qve cov ©) de d. 
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PROBLEM 6/60 


EN own: S tend S tute Oo pre dins dete. are provided fer a valve, flash 
Cor, and rlw vv ser) es. _ 

EIND: Deternune tire power de veloped ^9 tte tarhbine. Also, le Берилди e thre 
Totes of entopy prodection fer ener the three component, and Compare. 
ScHZEMATIC RGIVEN DATA: | 












2 
Liquid Saturated 240% — 
water at vapor at k . 404041: a 
80 Ibf/in.2, 300°F 40 1bf/in. = 
m, = 22 10% Зр 5 
1 valy UTEM е —— 
с nU 2 Ibf/in.? мәг 









Saturated liquid 
at 40 Ibf/in. 






ASSUMPTIONS: CI} Each Componen + operates at {fea dy state, with negligible heat 
transfer between each Com ponent and its rvrroun din s. (2) Kinehe and potentrel 
energy effects Can be ignored. (3) The expansion across the valve is athvettiing Process. 
ANALYSIS At steady state, mass rate balances feduce to give Mate, mat cim, 


mye ME An entropy tate balante for a control volume enclosing the flash chamber tates 


the form 0 0 
or J 
Try - м454 +035: “азал С Slash chamber] о) 
Similarly, fy tre valve and turbine, the ratet of entropy Dproduch'en ove 
Sey > *{(%у-%,) L valve j (2) 
Tey - ma ( Ssa +.) С4чеогие) (3) 


Te evalvate Ес. C!) -(%) requires ma >a, $:,,52,$3,54 jand Sg, These writ net be 
eyalvo гд i^ turn, 


Using the mass rate balance together with listed assumptons | an Cuergy rate balance 
fv a Control volume eaclosing the flash chamber reduce: fo 


Oz Wy hy зуму (Мс My )hy 


Across the valve hizh,, So ow solving the above Cquat'on 


EE I4 1 = 0 
Wa MU lS be) z ( 22-lb, 22222. AL2 bb [s 
Chg- he] 5 236. - 170 


where М, whe CT, | trou Тое A-2E aud Из and hy are (voc. Table А-ТЕ. ‘Then, wgw- 
ws > 22-2)1.2%ic 0.74 0/5. 

From Table A-2E, Si 24% т) = 0.4372 Bia ib. oR, Staie Z гз fined by 42. ا‎ jn 
and М, = ЫП = 29.7 8ta) Ib. Thus, with data fron Table A-3€ 





ha hg 269.7- 239.) Q 
$ "^9 431.8 3 


Tuus 
Ф. * $4 + Жу 354 = 0.3961 + ©-O328( 12767) = 0. 439 Stupor 
From Table A-3€ at 40164/7,*, 33 = 0.2421 BHI. OR , Sq = 02672 GI lo, State S. os fined by 
2 uf {rue ond hs. Using the turbine гем № орге ed hoe, , 
We = Mc hs (4) 
uy- hss 


where ss is tne Specs He Cutvopy at the turbine exit for ом (senhonre expautron 
from state 4 Фо 2ibf/in? The value of hss is determined by 2.1067 aud Sgs Sq. 


(-( b6 


PRORLEM G.lGO С Скл.) 
Tuas, wit data Fan Table A-3E at 2101 


Kg = sss- S£ . 6967-0415 о sy hss= М + Xss M 
rever + 44.02 + Ф. босон) = 1940г Bs 


Then, wrth data from Table А-ЗЕ ot 2. Ibf fin? 


Xss: 5522 ш 6767-0175 ~o, 6l, hss= he + Xss hee = 94.02 +0.861(1022.1) 2 374 09 8/6 


Solving €4.(4) fov hs and taserting Values 


hs = ча - Ng Cha-bgs) = 1170 - e.4 (пто- 424.05) = 993657 Btu / lb 


Using this together with date frown Table A-BE at 2. bf/ 


Xeon ber ht | 143.65 aho _ 0.8 


“44 $022.1 E 
Ss = sfa xe Spg = 0-784 0. 88 (1.7446) = 704 G^ [le eR. 





Finatly , CVbsA does values inte Єў s. Ct) - C3) 


e Stash chamber: Try = (0-34 ) i e*67 1] C212 0.392)- Qu 9.432] = Q.0054 BY — 


5:22. 
‚ vale - Су GL) L 0.428-0.4872) = O- о + I А 
«turbine: Sey > (o.34)L Flo 4- 1090115 0.0266 Bk — 


Mass and energy rate balances Aa duce fu +. tur loi wr to 


ye 
b» W4 = ma 1 "4-7 2 (0-74 ly um -443.6vy]- 139.3 ge — 


The о v7 edd. — entropy Produc fi o م‎ оі пәл кле < ae Puan’ ing 
Xv. individue em №. ре hma: 


o РРР (o-00SU 4 Оо. отс + 0.O0lbG) = 0.04 96 re. 


UJ We ^. Ax prs ssel مه‎ p ac e n+ ~e 4 مہا‎ O at enha py роо H'a 
fate ) Aa i david и v Cam Tv iov i aus OAR 


Сом лро Won to 


Cow. ponent 
ov ero) °0 






(D Pash chamber 10.9 
Valve 35.5 
53. 6 


Aw f hiat 


|. Although Aen rose Conv io wes most t THe ood tntrmy ро Ҹо ct ол. 
о Ai Ss cont asduction ce tha turbines Cont: duit ИАС uot ba. feasble bec ‚ 
the turbine vw 0 pene vear its pra«aetc—4 مدا‎ vd ۽‎ Yu = 
До %. Аек К wota Ал fern to the myt Mort mer tent 
Cow. bi butor —— the valve. For Ga Rs, the valve vere venada l hy 
could fa ^adeced © ^» (асел 1 valve «tu w рро «er-^€ cov 


hurl ne. However, such a үч (лә out lee Governed °ч 
elmore. Сла dra | ror. 
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PROBLEM G.16/ 


Known: Data are provided for an e^ Compressor operating at Steady State, 


F ip: For each of three cases, €valoate the work and head transfer per оиг? mass 
of air flowing, Distuss. 


i : isothermal 
SCHEMA TIC * GIVEN DATA. Poly tropre, "253 
| du ^érebetec 





AIR i 1 Р 
ROL P= Siar 
Re thar i barf 





ASSUMPTIONS: Q The air Compressor operates at steady state without miernal гезек» 
fe let. (2) Kinetic and potenh’a! energy effects are negligible. (3) Air vs modeled as an ideal gas. 
ANALYSIS: Following the disewssrons of Eqs. 6.51, and 6.53 of Sec.6.9, the 

areas below the process Curves of the T-s diagram ve present the meguifudes of the heat transfer 
per vault of mats fFlow?ns. The areas behind the process curves of the р-у diagrau герге 
Sent the magnitudes eof the werk per vnt 4 Masi Flowing. 


ca) TIsgothermal , An energy “ate balance reduces at steady state Чо 9/ve 


wW — 
О = TATE eG а А. 4 9C% 1) 
As the рес. fre enthel py of an бее gas depends. on tempe rature alone, and temperature, 
| Since ivrevers: bili he are absent, and Ake =4&ре $0, the work per unit of 
mats flowing it given Vy Є4-©.53Ь. Trtreduaing ч= т/р aud integrating 
i > Ca) 
— dp 2 ( ST =- RTL Р/В =- (213 E Качок) ln § = -135,95 ЕЗ -«— 
Weta -{vdp =) * 28.47 КЕ "3 
1 i 


(в) Poly tropre with wel, As in portta) , the work per unit ef mass flowing is 
Given by Е4.0.53), Tntrodvcing pv”: constant , and integrating , Ёд. 6.55 results. Then, 
with the idea дас е4 оа ом of state , €4. 57a is obtained: 


Мы -nR (лу-т,) 
Ve (net) 


For e poly tropie process of anu deal qar l E4, 3.50.) 


tur)/n | с 0۰2/1.3 | 
Т, = 7, ($ > (aon) 5) z 420,4 К 


Thus 
Wev _ . (1.3) BIY \(азо-4- 249 = — [62-17 ЕЗ 
гаа а = l 29.47 k 
e б) 
An evevgy rate balance at steady state Ceduces to Jive — 


Сем = Wey M-m = -loit 421-67— 00.16 2 -30.66 K3 
ом ес е. ensnalpy Ра с from Tabie A-22., = 
(c) Adsabate . TE the process is adiabatic and ліе еи ао reverti ble, ct ù tsentronre. 
Aw energy rate batance reduce: with Әс =O and assumphon 2. te give 
Жау = hh 
To find hı, Use Р. date from Table A-22. 
№. = Pr (%?%/Ё,)}= LLIN CS) 2 6.1655 => رط‎ = 460.1 к 


Frually : tc) 
v 240.16 - 460.12 — 163. 24 FT/ E9 مص‎ 
Only work aud heat magni inde s oye assowated with areas on {the P-V and 


Ts diagrams asspechvely, Thus, the areas behind tha carves on +» paw 
diagram wwerease e o case (a) +o cose Ch) Чо сасе (с) wk accerdance uth tha млади fad ef 


Colew lated for Wer] m . The areas below {he curves ол th. Tos diagram 
cecreate faa. Casela) to case (o) to сае CC) МА accordance оо t ta, Ths илали dos for 
Qv /M. 
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PROBLEM G.10Z 


KNOWN? Data are provided fer an arr COmprestor Operating а? Steady state, 
FIND: For @ach of three cates evaluate +e werk and heat transfer per vnit 
mats òf arr Flowing, 


SCHEMATIC È сум DATA: 
| iso thermal 
| s poly tropic naig 
{ x adrab atre 


18) decreases 








Ib 
15 BE 





Ta. increases 









AR 7 
2 1516 
fn d 


е2 15164" 


р 
= bt : 8 
T, * 60°F WU OMM) => 


i5 





ASSUMPTIONS: Ct) The arr Compressor operates at Steady State witheut internal 
irreversibili hes, (2) Kineh'c and potential energy effeets are negligible. (3) Arr rs 
modeled as an jdeal 945, 

AWALY SIS: Following the. drscwrsions of Eqs. 6.5] and 6.53 of fec.$.9 , the areas below 
+he process Curves ef the TS diag Yau represent the magnitudes of the heat transfer 
Per unit of mass flowing. The areas behind the process curves of the р-у diagram 
represent the magnitudes of the work per unit od mass flowin 


ta) Isothermal. An energy rate balance re duces at — State do give 


os See обы g Cnet) ХА уыс) 
Ar the зрее Ке enthalpy of an deal 943 depends on temperature alone, and 
Temperatura is conttant, hcl, The Energy rate balance then becomes Simply 
Qev /m = Wea f/m. 
Since iereversibilihes are absent, and Ake = dpe, the work per oni? of 
mass nee. is واا‎ by € 4. 6.53 Introducing ve RT/p and integrating 








Wey vd °-{( RT gn = ~ RT In Pa 1.486 Bru eg) ln 75 (a) 
— 2 = — т = — = ¬ $20"R N = > = Ш du 
vA f j TF $ $.47 m-or JC ) is 5097 ni С 
(e) Poly tropre wrth ит 1.3. Аз in part(a), the work per unit of mats flowing i$ given 
by Eq. 6-3b Ta 4o u eing pv" = constant j and integrahng, Eg. 6.557 results. Then, with 
tue deal gas @quahon of state, Е 4. 6.5772, їг obfurued: 
Wey 2 5 Cn -т,) 
"^ Ca¬) 
For o poly rope process of an ideal gas ( Eq.3.56) 
ар? oy. | | 
z P 2 75 = Qe 
т, (=) 2 S20 ( 7S ) 7534 °R 
Tuus | 
Wey _ (3) ү 1386 \(753.4- 620) = - 04.4% Bla 
w — C09) L 28.47 (v) 
An energy rate balante at ste ady state reduces То give 
Qu, ме amh = 69.48 + [40.01 712427 a -13.1 Bel6. 
м 
where enthalpy data fs from Table ARZE. . 
(c) Adiabatic. If the process is adiabatic and internally reversible, d v $eniyvoprc. An 
ener oy balance (d oces with Que and assumption 2. +в sive 
VES = hi-he 
To fad We › Ate Pe data frou. Talole ADE 
Per > n (Р/р } = 1.2147(77/1г)= 6.0735 ©? bys 137.06 4/6 
Finat! ‚ есу 
TUM wee = 124.42 -19°7. 06 2 - 72.74 Blush — 
m 


Only work and heat magmtudes are associated with areas on {ha pav and T-& diegrams, 
(espeivel4y. The, tre areas ра ых the carves on tha p-" с сесли. increase fron 
case(a) їо caseCb) to capele) in accordance with- {ho magni hades calcalated Yor Weim, 
Tas areas below Hae curves mihe TS Wiesram decrease fron Cate (a) to Ce Co) 


to core (с) w^ AtCcordance with the mag vi v dis foy Rey / r l 
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PROBLEM 6.163 А 


KNOWN: O pera hing data are provided for an arr Compressor at Steady state. 
Его у: Determe the power required and the rate of heat transfer. 


SCHEMATIC T GIVEN DATA: 
د‎ —— 


" 
AR QUE, олташ, 
v) = a — 

2 wn? / metn REC 

* 224°C Pa: LS M Pa, 

8: OTN Pa 





5 


ASSUMPTIONS: (1) The Compressor (г at steady state. (2) The process fS isothermal 


ant internal! Fevers, ble. (3) К.е Ке and potenha( energy effects are negligible . 
(4) Aic rS modeled as an sdeal gas. 


ANALY SIS: 
— — —— 


At Steady state Mim Maz m, and an euer4y rate balance redocer 
to 


O: Sey Wey 4 On) + ERTS у) 
wi = 


AS the enthalpy of an deal gas depends 


On Fem perature only ; aud teu pera dure 
remains constant, hath, . Thus 


© ev = Ny 
va V^ 


Аз ماد‎ Processts internally revernble, there are two solution epproactos that 


Can Wa tamrn: CE quatm6,5] Can be wk grated pring 


Ocv > Tls, -$,) 
Wa 
= T LS CT- S(T) -R IN Rip) = - втім Ж 
20 since Tx T2. 
(1) Єҷоа No. 6.53} can be integrated, Giving 
2 


мл ( 


ә. 
W > = |RT dp. 
Beva- È vip: [x dp: „ет! & 


The mass Clow AeX is 
wm: САМ), = p CAT. (ee XC EE ) Î Lo eoa eo 


vi R-T, $314 — = 
Bt S = У 24 к) 


Tuus 


| ‚ ЗЧ ky KS \Pl kw 
Oev = Wey = = WRT in P = Жы _( (0. ie) (Se ee ek (los. k3 fs 


о. 


e 


ev 





> — 40,4 mW 
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PROBLEM 6.164 
Steady state Operating data are provided for a 6142 compressor 


К noun: 
FIND: De T power Yea wired and rate 4 heat trans fr, 
DHIMATIC f GIVEN DATA: 
et 
+ 2. 
yo pr ш constant 





г 
(Av), =2.4x (0 * = 
ASSUMPTIONS. 1. “The Contvol Volum Sham tn the ecc ove av. “^9 
Sketch is at Ж state. 7. For tte Control volums, Kinete and Do tuhot 
energy «ес Can he ignored. 3. The Compre sit na ә des суч ged 
04 pu °* scons fail. Tha mooss v іи филд (у revert ble , 
AW ALTSIS:(@) Using Eq. OST, thi power ш 
| А Е 
QN it > ماد‎ (A) em - evi | " 
1,04 0 .fr£ Vt В we | c 
To hns V.) wed AU = р г, 4 وھ‎ = A * ) Wh 07 2 0,0035 [ks 


fre Too A-I T" 


л, = (5 sys (0.35) = 0.02509 y 





A\sy, 3/5 
. ) . 2.4 v0 T m - 
m = E d: a — 20,2455 ka/s 
ак. qvto }(0 utss) я 
Ge - pass y (in [f yen "d 
WwW «-—— Led | 
we Р [| resi 


(n) Mass aud сле слм rate Б^ (^исег — + алі 


Oz Gk, Меи + L6) + c «$07 tet) | 


3 Gu. We = Eh) 


Shed G fed by ۹ bar, Us 0.01509 IKS 
IT leg od af SHEL, We 242,00 к/к, 


Gay = Tall kW + (олив лч -242.04] ү; lier 


= -0.l6 kW 


Гол, Fan Todt А-\?, h= 214,57 


G-Vtl 


PRoBLEM 6.165 


KNOWN. At Steady State , water ү or 1S Compressed isendropeeatlg G 
3M Po Krom khe $4 hira de d Ve por St«fe af O. M Pa and 


liquid Loater os OU e^ ped ‚кел fro pccally C, 3 MO. фо 
tho Saturated laud State at о, MP. 
(D CIN . Compare +t ^ (22 Ом k reguired v each Cada 


SCHEMATIC % 60090 DATA: 








A SSUMP TIONS: C1) Ta еа с бл Case) c. con tol volume @nclo rın s the A 
iS ii d considera hon. ad For each Control vòlo we Qey 7 O, 

cine hc / potenha euevoy e ес are negligible ) Gnd Operaton is at 
Steady state. 


ANALYSIS! Ce оссе Ила г and energy rate balances 


$ 
УУ = hi -h, 
YA 


Compressor ¢: Frou, “able A-4, hi = 2679.7 к/к $12 7.3514 ЕЧ / ко ' K) 
—Wev ауы Il- 267S- = B8lzi У 

ee ге, 

IMa 

417.46 Bh fla | S= 1.3016 t3/ies. K, Then, 


PUMPS From Tabie A-3, hy = 
b,-7 420.44 FI Ks . 


inter polafiny /^ Table А-у Cdouble n terpo la ron) , 


Tasi | | 
5420 . 426,44 -447. 467 3.05 £3 —ñ ——— ——— 
pg 9 | 
Compar `s o ч 


jm (Roe wes CEN. — 


\ Compre 0 Loc «&«l.2t 


| | ў у dc and 

|. Tn Chapters B and A to згоди anc A pomp wor 

У бол A worle and their As lo. Кол t Lach od e will Ioa app alek 
w th. 94 of Rantine and Bray fon power cycles. Also, see the 


discos of 64.6536 w Sec. G9. 


G-A 


PROBLEM (e. lob 


K tous r4? Steady State operading dete. are Provided fer an 
electy really - ori уе, pump thet draws water froma pond. 


rim D? Eshmadte TU hourly Cost of operating the. Pump. 
SCHEMATIC V, UCN DATA 2 


E. ———»- 4окэ/$ 
i 


N pump = 80% J B-P,=3 barr 
electricity û evaluated at 8 €/kW 4 





ASSUMPTIONS. C] The Control volume Sho wn iH the fs ure rs at 
Stead state. (2) for + Conte! volum е, tthe Changes uA kihehe 
energ لسن‎ p ote. hot energy Crom fhe inlet te thse ex, t are 
Lquove ‚ (3) к wate iç w-odetod Av cn соку cci ble. 

A MALT SES’. исз Tto. Peep effi een, TC. power raq vire d To 

Operate Hu pup co 

W pump > (М int.) 

Np 

tnaa the numerada r са prov da d hy e$ 6.330 or ر‎ with pih assumnth смо 

listed, — E1. C. $3c, Sue 


М рымар = ~m СРЕ А) 
— 


With dee Tetta Act, vz Lo wies, 








osa) ( a" =) = к= кз [раж 
W pomp = — лм БА" ES (GN ^^ \ l/s 
= -l © є W (wanes denotes tapuk) 


ren, the жо cost — et opwe hng tha pue ص‎ 
(бе \ TN (1 skw) A d of — 1) 
Cost 
> Ål% [ ^ 
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PROBLEM 6.167 


CREE I Steady E opera hang data arc provided fr A pump ү ^ bol er, and 
€. turbine in Series. 

Find `: Detvuine in KJ pec к of Steam flo wing (a) the pump Work, 
(b) the wet wort developed by the turbine, and C) the heat Hanser 
Дь +he beiler. 

SCHEMATIC €, GIVIN DATA! 


$ Qin М = 90% 


© | “Wp = 70% 
САБ 


Th TE 30°C P4 = | bar 


R= Ö bar, 
satvrated Vepor 









W net 
tone e. T 


poy 
lobar 





ASSUMP TIONS’ OY Control volumes enclosing +з. Pemp; the loo; le E aud the 
Tor b ing are at steady ctate. Far i^e рор aud tur бле, d iv =O. (2) 
AL {саа е 6c aud po tea hel SIVE yr ef fH cf are negligible . 


ABALTSIS? For the Pump, E4. 6. SBb can be invoked & evaluate Ter work in the 
in bev neatly re ея process. Loi th date 4v ew. Table A- e h gm (Т, ) = 128.79 т/д , 
м *veCn)s L 0043 Ko 3 walk. Then 


WN l 4 nE psp = 7 KI 
(Уе ), z-v, 4p = (224; $ m LS. pue = |= © a 


Then using the Şiven isentyepic perp е aene 





Yip = TOET 2) Ue. — бл ES/ky sel ed a ۴ 
- 4 cC 
p (- Wp Jus) * 0.7 2 


| ЧУР, e 
Masc aud €w9v5y nala balances reduce t& gwe, © > p^ Wp + (hh bn). Thu 
ha = (Wp ) th, = 126.74 који) . 


Tov tire holler ر‎ wrasse aud enersy rate balances Vedece t 9 et 


" 2 . | {бо ел 
Oin 2 из—һ, = 2'764.1 — jio 2642,3 —s ا‎ ee 


ҮА 
Fre the torbine 7, Wass aud Energy го фе ba lances Asduce give 


= ha - 54 


| w^ 
Or ow introducany H~ ел Морис turbine еселе 


From, Tabla A-3, S347 5452 6:6628 ЕЛ/є К. The quality at 4s is 


_ 6.6628- i 5016 me L 
MONG 
hag = 417.464 0.885 ( 2259) = 24157,0 kK. 


We = 0,9 ( 2.204, і — 2415.3) = 3i8 KJ [Ics | MeL | 
А 3 | ` Wet _ BITKT a 
0r Tus Q vov, 4 KI [to о ла дое d b stt рои-р › leaving ws a ^ TAA 


Then) Accordingly 


lo- 144 


4 
PROBLEM С.168 


EN own: Steady - State operating data are provided for +. hydraulic 
turbine - 3 ел еро Тог. 
боо: Ta the obdenes rnternet preven sunbul hier deferwane thee Value 


Me pow pues Qe Ф. bus di basis. 


SCHEMA TE $ GIVEN DATA: 

Р. ما‎ be fe „МЧ ls 

po 1 ew VV SS CES, T,= 250 Е, D4* ча 
а= 32.2 Ce s* 

electricity c evaluated at glew: И 





ASSUMPTIONS: 1. The control votume Shown (n the figure vs at Stead 
Stete. 2. Trnternart crreversithilipies are ignored. 3. Li gud water's 


wodelod ao U^ Commmasss ble. 
ANALYSIS: Using een phon 2. „л cete ng سا‎ internat rreevercibilifr’es are 


"Qquer€à3 | Eq: 6. SS. can bee vied {о Craluate t^ power devetupod. 
Si wee Laat ما‎ hep фаб rv. Оў e na مرا‎ 244 


ms » e) 2-2.) + pu 4-9, C2,- 21) 
e ` 2 


With re vg 50%) = um and given data 


(Же) > – (0 ооо Py) E =] [SSE] үэе, +) —RR 
_ (2.097 ہک‎ (- i EE) + (300% а 


" “or { Bu 5 2 
= 284.23 e El 20.365 Bt / tb 


The mast Pow Ae ХА م‎ | | T "m 
АЙ о асо зал a seals 


Ikw W 


| | E 3600 $ 
(ev or > (nss?) (0. 365 ib DES Wit Stu 


Lh 











O Daly Value = (io, s70 E 2th уи (А? 22 Б 420/294 / رمه‎ 


\. Owing to د مالا‎ EER ‚Кер, he achod Чо reve 
sige Votan 


(лоу. oe Pees. Hm са сл адаа value. Also, +r. 
q the pov develop d о vet The +. Ths plant . owner, 
word hewe innestment To recoup, and 


o. arith A o pera hing and man penamat costs to bear. 
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PROBLEM 6.165 


KINIOWN: S cteady -S tate o peratng data are Provided for a hydraulic 
+urh me. 


FIND: Tor a rbi, power aoa /M wW estimate fhe ہہ امعت‎ mum 
required mass Fow 


лыш аш aqu OA 


W, =1 MW 






32 16 Of 
2 5m D =D, 
ME 
ASSUMPTION SI А one- S ) one - exit control volume wh inlet at і 
— ГОРИТЕ a 
end exit at 2 anoi — + turbine, is aft Stead. shte. 
2. 40:4 wakr م‎ modeled مه‎ ги со мела ес, ble, with We 1072 м®[кд (Table A-14). 


ANALYSIS: We ov peg Hut the affect A LE Тее у err bi li heo would be 


о. Lower poner output w Hu actu case than w tke, „ЧА cage — that رص‎ 
Wwe еж pec 


(We) act = W ine 
Gere sees Eq . 6.530. with assump hme 





(We) act € m [- Ср -Р,) + 4 (2 -%) + М, ~ ] C!) 


лм re ten Cia EC Enerj fawn drops out because Ф, = D. ر‎ Ww constant E | 
and VA RW. Fearn СА) | wot bre 





? toG N - m/s 
mM > Nt) act | — Gmw)| рм 
2 | — — —— = a3 m3 
one) mare J CORE eeo el 
m 2 444,3 є?/ 
Tne numina mum reavired Ams f {== ka ف‎ att 3 “als, | 
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PROBLEM 6.170 


Кош: Operatng date are provided fur Lig urd wa fr flowing 
A*vouab. o pipe. 

F (20: Te the. oboen u у^ barred Мем гии al. h'eo, dedernaine t- 
prs $$ г< vised at the pipe inlet. Disewsss. 





SCHEMATIC L GIVEN DATA: . 20 4105 
© 2147 et 
ім 
B oni 
303+ 
Liquid asa merem 
water Te TOF 
Vy >i fS 
P; 
Assumptions: 1. A one-inlet jone -exit contol volume enc loses the pipe. 


2. Tha Control volume Ww at steady state. F-bLiquid water rs 
modeled ao 4 compre s scole. with ase (Т) = 0.0 1605 £13/1b (Tatu A-2&) | 
4 Сл ул» irreyversibels Hes co 1s nored. 
Дк Ашт 515 - S м се — ure versi lb os are C nored and ots 
w wo power Input w output ) 4.6. S applies 

* om prs 
0 VEM 2 

Ar К Ашы 24-0, zo 
{ $e + =' + 4 (2a ) 


t ч. | 
> arl Pati) > УМ e (22-20) 20 
л. 


Sotuins Cue e t 
— + 4(22-2,) 
Р, = Pr + "—— 2€ REC ROM CNN 
АГ 
2. 
+ 
| 4 (@oy- ay (4) + G2 £ (зор) 171 ا‎ 
" ج ت طا‎ РРР УР 
= ТАФ ct (о-о ov ғ) y ii 
| ib 
ipft 
їл 
14.7 lof + is.¢8 jot = 30.28 lof 
in’ и“ Ine 


“To oN? @me ths efforts 9 tn За, nel гече [ifs , toch من‎ fy cc hin 
he hwoen t flowing waty and pipe wed р Ure еур есі ба. 
Mesture ої q^ wat Ҹо موا‎ ү cd did than calculated. 





і. Tias с thoa Berroutl; оток о. 
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PROBLEM 0.171! 


KNOWN: Steady- state operating data are provided for a pum 
drawing water frow Undarsground and delivering (Lo above ground. 


Fir 0: DA the ohsfence of internet irreversibil: hes 7 delernune Ha power 
fe qur ed n4 Ts рр. Discuss. 


р, = 4S letlint 
Wet ЗО[; 









A SSF 
Р, = 15 loflin® 
ASSUMPTIONS? |. The Contol volume Sham in the Sch» ma bc ѓу at 
Steady state. 2. Talana trreversi;bili fies are о уе. 3. KC кае 
bd дыкы us effects Can be Caner ed. “+ Ligued voa der iS vada Qocd ag 
iu Compre ssi ble wih y wt Чу Ст) = 0.01603 {llb CT A-26). 


AWALTSIS: aw Kan absence Е vwereverscbi[ Hes, Es eS Se 


epe S. Then j tui Hen ass uwy h as 3,4, we S7 


Lm = =v Ce -P ) + J 0-722 у) 


fev 





i tbf | 
Te : - tablet 
(ена е} к-ту, | MEY eie sm 


~ Lt bf 
= - 41-2 
2 — 69.25 — ~ 22 Hie = - 4 г = 
' “хь —— | 
Әә Woly = (3o Lb) (- que ы, | sso elf | 
> - 4.4% hp =» Power input = 4.49 оа — 
To overcome - affect — сетои е, couch e» frretton 


: . ~ 1 we expect q 
he wore Own nue ftr RS Acqurd — pip © wal ү А 
Powe С грах +o ما‎ Y "p Jo مط‎ han deteynuned hine . 
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aK 
PROBLEM G.I} 


KNOWN ` S teady State opere tins data are provided fm S-kW Pump. 
Ею: Deternuni tf ut wouste he possible to pump 2.5 me 0 min 
or Ress. 


SCHIMATIC GIVIN DATA: 
p^"? 





Pz 5 bar Wet ~S kW 


и ( — ze $^ 46 м /s* 
© 


m m = o oe a 


Q 
t 
— 
ды» 
у 
A or: 
cs 


ù œ wn ~ ame — — — Ф 


ASSUMPTIONS’ 1. The control volume Showin wi He schome te is af 
Steady state. T For {he con trol Volume , kins he اوا‎ effects Can 
one 130. 3. Liquid иа фу ب‎ nedalrd өз incompressible w tr 

Ar- ECT) = 1.0009 x(03 m?/kg (Table А-3), 


ANALYSIS: To pump TS Te 
o Volumetric {Чощ CAN) 


САУ) Э, (Ls min ا( سک‎ SS 


cercecgonds To o mass {< Atha‏ مەم 


e 0,0125 ул?” / 5 2 = с!) 
^E тоба козо s 


wi 400 munutes ر‎ or Ross, Wound ARGUE a. 





3 
0,0115 m/s 





Ta the absence of i^ bye ierevovsib |. ht, {e power input noguire d 
Wwouded مھا‎ Given by jt» fol nin, ex а im ob fma иа d ros 
Eq. C-S3a. using a ss uap han L, j 


(ы Wev Jint > Mm L wl Pp, - — + 4 (22-2 2, | ROAGA 


Tran, wife (1) 


(-Wey )int 2 (12.492 ) [ 0008 o =) (чо =) ا‎ | 
IN (ky 
+ (4.8) (6 «) [Go =з те | 
ky і КУМ 
> (14, 4) [оо 2 +0.0 [=] 


5.715 kW 


as over Come € of مہات‎ рече Бес у such at dro chm 
be wee. yha eun s Aéquid aud pipe wat, We ay pect a aCtvet 

+t. алд Ха here, Sines 
Powe ~ tn put to +t. (vp ty me - d 2 
min a S$-kW eae дм оАД 0-9, the ول‎ ure ل‎ хочу rots Cannot ba 
QGccovsodeind. _ 
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PROBLEM 6.173 


Ice ou ` Steady State operating data are provided fr a 4+-rW ш ae 


Fun D Deternune if ut woud lex poss: ble for ths pev te deliver 
war at a [^ ssure of 10 ber. | 


SCHEMATIC @ GIVEN DATA: 


Wey = 4 М 








ASSUMPTIONS: lL- The Control Volume Shown Ww tae Ссі иле с s at Steady 
cke 2. Кие с ond ро tenhet energy changes Can lee i g оге. 3. 
Liquid water Ui Wudeled af in cowpaocri ble wit АЛ = (т) = LOOL х0 3 wl кад : 


ANALYSIS: Ta ++ absence o f- intern o у емен hiliHes, +h power Mpui 
fequired 4o deliver wate e5 P= со bar wout مط‎ paw by А 


jG Wey Vine = vA ^(f, —P, ) 


MJ | kW 
ерус) ра (EE) | im 


р 


4.05 KW 


To overcome the effect of internek irreversib: f her, such as fr cc how о. 
з owns; water and the pop walls ‚ we expect t^ agha power requires 05 
pump + ie than calculated here. Since only a 4T-rW p? avai | ر‎ 
yha desired exit prossuye Cannot (ог accomodated. 
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PROBLEM G.174 


< бә ол“, Steady — state o pere hng data are Provided for e Pumpa 
that delivers water at an eleva hai above the prop vA let. 

Find: De teynuhe dC mex imum +hayfeticaot eleva hom at АЛА СА 
pe wot Can مھا‎ deliveved. 






SCHEMATIC ROMIVEIN DATA? ASSUMPTIONS: l. The contol 
2. | Volume Shoum (^ tha 
SChaemahe fs at Steady state. 
—— ~ 2. Liquid. water ts wmodeled 
м 219,000 lo as Meo сср е — 
А. = 1.0 i4" >= Jt ту» 0.01433 Ж 
Pa = 14. + ef lin CTel A-2E). 
(2a-2,) А Н ) 
g:322it AMALYSIS ? Using data at 2, 
Ж tn velocity Va con he found : 
m, > Аз. Ni 
uU" 
= J^ 
= Vv = —— 
| p 
E (шоо ee zo 01733 ft) 
Со int) | LE “| 
= 60.93 44 [s 
Owing to the effect A ги илд irreversibili ties suchas ferie Ro he ween 


the fA» wie. wa ter AS pipe “wats, X^» acty af — rn put woudl d br 
гел ler then w thy adogt Case —— Xf c ر‎ We ex p e ct 


(-Wev Jace > Lad l- Wer) ar 
Tu bro ducing Eq. C.S a tu itn. ABT h eA 2. 


| 2 
-Wev )a [GR m) 4+ 40-29 4 OL) 
(- мос Jact 2 m L ч (Р. -0,) aC) + = | 





(Wey ac * be Жш 
"v (z.-2,) € i| = Lll + wpm) - (8) | 


W^ 


So-4t-Ibf/ | 
— (0.2Shp) | чы; i 4. (0.01333 X. s x144 x) 
: КЕ, (55 e) | те. | ы 
I - [Gat orl =o Lof l 
ээле Р 


Ст 322 Н; lb -$t]s% 
— yl ат коле ~oc) 16 
3 fe é пес 


< 44.5% ft 


Tore Ч cot aleva han at +» «ct v «2-88.‏ میں AOA‏ ماج 
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PROBLEM 6. T5. | 
known: "Date are provided fer CO expanding thrush a nozzle 
Operating at Steady state. 
FInd. De teru the geloedte at fre nozzle eyit and the 
mte of heat transfer per tg of CO flowing, 
SCHEMATIC Y GIVE. DATA: | 


ك © 
| 
| 








т, S bar | < g В = {Ьом 
4 

T, > 200 С. 

| — — — ÁNH — 
Wa (wis | | 

| ГГ Л 

| Ру": Constant * | 

М> 1. 7 | 


ASSUMPTIONS: CH) Tur we 331€ ts at steady stote. Q) The €^ pansion is سە‎ 


Palyhvers process with water: C2 CO < wmedstad مه‎ on deat jas. (+) 


Poten he? Tu) +66, cft — . 


ANALYSIS: AJAS a. Poly ropra Process it internally revers:b le ? Е. ё.53д. г applicable, 
Then, with Wea tO, the Bernoulli eq vation, 65.6.54 results: 

2, ШЕ" А | | 

l 2. 
Using the relationship prz constant, the /wtegval Con be performed ( 5ec.6.9) 


giving _ 


T 
\ vdp: —^—(һ\%-Р®%] 





= nR (T-T) | (t) 
ne 


wher the ideal gas equation of state has been used to obtain the last expression. 
For 0 polyfropic process of an ideal gas ( E. 3.5 G) 


NL nM | | з) 
"v VÀ 


Collecting E49s.C1) - (3) 


| (4 
V ум + ۱ - nl | 


еў ар RIOT) | (8 7] 


(b| Aw energy balance socer © give 






8 1 "a 
Qev - hi oly = VL =“, 
Y^ 2 Hei | о.2 
T cb "EQ an 

Wh €4.(3) , Т = TT, ( ^IR ) i (13) (+) tum ees 
Thon wih. date T А 1275 ix 
ш тух OF uM С =.) = 3 «3 м/м 
Qev _ (1055! 13747) кз | mE (=) vnm Nm [f a 


МА 
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CHAPTER SEVEN 


EXERGY 
ANALYSIS 


PROBLEM 71.1 


KNOWN: A system consists of 5 ka of water at lo% , lear. The sy Stew کا‎ 
at vest aud zero elevation relatwe Yo the exengy referouce environment, 


EIND: Determine the exevgy. 
[a 


SCHEMATIC $ GIVEN DATA 





7 = 20 20% / ad 
216 [0° de 
eae Slade 
ASSUMPTION: The closed System shown iA He £ 


: gure is ar rest aud Eero 
elevation relatwe do Иа ewvironmeut for which T= 20°C, р = Ibar. 
ANALYSIS: Eguahen 7.2. gives 


o о 
Е = үл [ (и-чә) + pot V-vo) ~foCS$-So) Es ofl 
From Table A- 2. USLA 


: › و‎ Ич approxi Matus ef Sec.3.3.G: V e 17,Ст) ол и = ист) 
With He оррохћл Жиу of 6.6.7: S5$CT) 


V5 = 1.0018 xto”? m? /les 
U, = 83.45 k3/l 


Sa 2 0.2466 k3/ kg: K 


Ar = 1.0004 хот? m?/ ka 
ù = 42.00 ED/| 

5 =0.1510 [114 
Thus _ 


| J » | 
Е = 6 ka ) [ (42.00 - 8395) ч + (i bar) ( 5992 - l.60(18 | E 


(т 


ЫШ; 

















ю5мім 
| bar 


- (243 К (01510 - 2. 2466) Бк! 
= (5 ы) [ -41.45 = l4 xio ^ + 42.66 E 

















ае ва ل‎ # 
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PROBLEM 72 


known: A State is рес фе Sor each of three Substances. 
Fiw: Determine thae exergy. 


ASSUMPTIONS: 1. Ignore tv affects of motion and gra vety. 2.7, =20°G Par lar. 
ANALYSIS (a) Water at Q.Z oec , 40°C. | ] З 
T {юл “Tables A-233: Toe 20°C, Poz t bar J 40° ) Р 2 0. Thar 
o.Fbar uo zur (To) = $349 кэ[9 u ug (P} = 244 4.5 
o = 
webs ЖО 6a ctl و مات ایوا‎ 2309 
Super ented 


So% $ 67) = 0.2966 KT] ieg-K s% Sq (p) = 7.4797 


v 
Tran, win Eq. +4, dwppng Y, 37 ferns 
@=(U- Uo )4 Po (V-Vo) - T (5- $0) | 
3 
s _ 001% ји 
= (2444.€ - SATIS. + (10 rare ы 108 J | 


(2.410.559) + (286.4) — (210Ч G5) ] кок; 


| J 
a | = Gas 7.914? - 0.2466) — 
en 





| E 
= 54230 EJ эм Ec (iteg)( 342.27 62) = 542.27 kJ 
d Fy 
(e) &\34а at O-Fbar ај 40C 
TE Tell A-1 : 
40°C 
Ы uo: 246.67 KI lke uc 305.5 
Vo = 0.13344 „а v» о. 44| 
$,2 1.0824 КЗ I< s> 1:318 
е=(и-чо) + Po(V-Vo) ~ To C$- $9) | 
سل‎ —-1.0$& 34 
= (305.5 ~ 246-67) + 10? (0.441 - o. 13344) | io: | ~ 243 LLIB ¬5 ) 
E 


= (53.83) + (20.%5) > (о+.о+) = 12:51 2/1 > Е 12-51 С) а 


Су Ar as an id eod JAS wita CR constant. 


Cons ^ad Cp > constant Cv. E valua hing Cy at Tave fo Tabie A-20: суг 0.12. E: 
v4. К. 
е = (и- uo) E Po (v-Vo) — 7005-50) Cp: 1.007 EZ 


5 -1< 
Tuae Rad 
ey [1-72] + Pa Í ET = e] -P| cem Te АЁ 


y 


zh 


£ 
су (1-7) + e[ (4) - Te] -ъ [р < Lo Rint) 


(s ex) юк] + an es, | 303K (2x) B 243k | 


| 3.3 _ BBN جى‎ 2.67) 
7 2ask] Lost El, “A 2:43, 29414 "Y € | I 


f 


(5.4) 4 (6444) - CESARS = 21.94 = z E 221.44 KJ — 


PROBLEM 73 


IX N20 WAS. Water at each of three alternative States. 
Frm ху: Deternune t^s Speci ht exergy, 
енти тіс © а УЕА DATA: 





dead Stale: Т220°С, о> (har 


u^ ugio): 83.95 KIF 
Sv Ve (10°C) = q. оо: 8 1103) м3 و‎ 
& v se (зо°с)= 0.2466 к 2/k9 :< 


Assumption:l Аў the dead &trke V^ ҮС (То) j Ue маф Uo) | £0 Әс (70). To» 20? 0 B= Ihar. 
2. Tanore the effectt of mohon and gravity. 


(a) Saturated Vapor at 001°C . о. th t4. #49, dropping va, gz teruna 





е-(и-чь) 5 Po (5-7) -To (5-80) ) with data fe an Todda А-2. 


| | | 3 ieg M x2 
= _%3. ۴3 SM _ зоо? | |— |. ал$62- o. 16 
= (2375.3 _%3.95) F3 + (to B- \ [206.136 3 e ае, 243| 1 Hk 


= (21135) +20,613.5 - (2.5 — = 20,309 єз 4.4. Е 


lo) Samrated liquid at оос. With dala, fran Tolda A-2: 





' a ~ 0.2466 
e=- ( ©- 83-95) + Go IL eoi - root} | 02| -293(0 ) 


Ф 
| = А 3 
= [(- #3-4$) + (^0) 4 (86.20) | [A = * ы Е [F9 ««-———— —-——— 
(€) S^ rated Solid at О UPC. bith dada Fran 766344 A-S: 
T caci _ boung] L 7 2. =- 6221) - 0.2466 
e+ (Cassa) ons) « | MESSE EP] s - 293 ( ) 
(Canad + (ee!) + —€— Q د‎ атлау Q4——— € 


|, The “further ao "mm 4 CHEN АЫ Жел — е, th sreater ua 
Value foc еке «Әу, Thus, State (a) j most das fant) state Cc) А Closer, 
and Stale (0) ùa Closest. The Cal co la te d exergy Valuer confirm Hass 
rule. 


3 
PROBLEM 1.4 


Кчошм: Systems at Specified States are defined, 
Enp: Determine the specific exergy for l lb ef each subsiewce. 


ASSUMPTIONS" The closed. systems are af rest «wd zevo — relatwe to 
He ewironmert fr which % = 70° =S30°R, P, = 14.7 (bC/ in 


(х 5 S. Equation 7. 2. qi ves | © о 
| Е = M Mor okt 
(a) Sa buco eol water vapor at 212° F. Using a, 20, (To), b^ SAC) , 5 ¢) 
Table A-2E Gives Up = 38.04 Bru (1 { Vo 70.016053 99 /(Ь, Se x 0.0146 S Bra / Ib: °R Я 
— alse gives UE се Balb, 0722000 P/N, 5 = (SGT Btu / R. 
| tu ш. 
| ^ Е = (Ik) (1077.6 39.09) те + (u. (tu) BY (20.0 -0,0 60$) $ uud 
= (S3O°R) (1.1507-0.0740у) SH Ж 
= (Lib) ((034.51 +22,8 -84 1.50] BS = 2*0.€& BI a 
(b) Saturated l uwr waker atuo FE. The — ok Qo , "o, So are Mme 


Some OSin Park (A), From Table Á-t6, “= %,0% Bulb, 
v 20.016501 CP /lb , $20.01, IT Balb R., Thus 


E =U yt g.01- 39.09 )+ (I4.1)(I««) (0.01407. -0.01608 ) || - (S30) (0,0107 0.01405) 


С) =(ь)[-Зо.ол -«„шк\о ° +30.99) SS 20,4M Biu — 10) 
(с у РРР РЧ at -Чо°Е , (o (kt (м. Fron Table А - ($ 
at 10°F iO ak -40°F , & bE (м 
Vo = 22,55 Ce / lb м = 43.533 {45 / Ub 
Uo = 542.00 Bla (lb u= Sylo Bho (lb 
So = 1.5010 Bea / b° S = LUIS Blu tbee 


E =(1)[G51.03 -542,00)+ (19.1)(:99)(43.5 55-22.s$)| اچب‎ —(Sso0) (NaS - ($010) | 
s (t) 40.41 +57,04 + 5.51] = = 20.09 & £4 &—— —— —— ——(9 


L Even hough T < To, me value eC ewerqu is positive ‚ OS expected. 


PeoGLEM 75 


KNOWN: А balloon filled wrth helium Сї at a specifred etate, 
FIND: De termine the Spec. fre exergy. 
SCH ATIC > GIVEN DATA: 


T= 20°C, Ръ1 олг 
f Vs i$ fs 









To= 20%, йак 
PLL AOS ACA ТОГО 


ASSUMPTIONS: 6) The ctosed system is the hellum wrthi'n the haloon. 
(2) HeVives s modeled a: an ideal gas. (3) 9= 4. 867 m/s*% 


ANALYSIS? Tha spec«fic exersy is given by 64. F#9 
e 
C= а-ч„ + P.CV-Vo)- To(s-55) a V. e да 
р Ж 


Fr a мома Бомис gas suchas Helv the рее, с heats Cp andty are 
Constant © So with jdeal gas relatons 


1 
ez ¢y{T-T] + e, [8r к) P т, [ Т. -R ME + L „да 


Since T= To and P=Po, the under l/ned term vanishes, leaving 


ez yr, 4z 


E» 


[eg + emen | e 


| «9-5. OF N- 
ga 





kJ 
5.016 ка 


ae See Tables А- 2-4 
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PROBLEM 71.0 


KNown! A vessel covttatis Carbon dioxide (cos). 


FINp : (a) Delevmine specific exevgy € at р = 0 ШРПАЁ 7=200°F АЫ Plot € vevsus 
pressure for T= 80°F. сс) Plot e versus Т for р = (5 (Ьі. 
ASSUMPTIONS: (1) The Cor is a closed s qs tem et cest 

amd zero elevatum velatwe to the referece 

OAV (Yon neut ot To? 80°F, („= (5 Vel. Ca) The 

Coz ts modeled as an ideal gas. 





ANMYSIS: Equation 7.9 reduces to give 


e =(и-“.)+ Bv- Us ) — Te (S-Se) С? 
(ay When using gas toble data , u-ue = EDE OEE = S*cD-Secm)- 2 he 
me M 


Thus, wir ideat qas velatvous, C) becomes 
Ф = 7 | [ax)-a ct] +P, | g- EF |-+, [ Secr)- Seto) - Е t 
= d Uden ter] er |B - $ ]- [8-300841] 


Using dade. trom Table 4-236 
ULT) -UCTe) = 3854.6 - 241844 = 870.2 Bh lbwol 





= fo _ В. 5 5 0 
RT |% -® | = (1,486 — ep ا‎ (bbo R) | 42 = 24 | = ~ 853.98 Bk ьм 


To | Seen) - SCR) -R fan Me | =(S40°R) | 52,134- 51. 082 - (1386) бы ze a 





Ho mol. °R 
= -921.47 Bk/ мој 
Киа! 
| Blu d 
(4401.1 \ { (61.2 - 85216 « 421.41) $ Tpwol 241.2! — е 


lbwmol 


(bc) The folowing IT code is used to gemevake data for He required flots. 
The evaluations ave based ou Eg C) alone aud indere Junctions in (Т tov 
U,V, ands eC CO, ах om deal 45A. 

ІТ Code 
T2200 //?F 

p = 90 // Ibf/in.? 
То = 80 // °F 

ро = 15 // Ibf/in.? 


е = (и - uo) + (ро * (144 / 778)) * (v - vo) - (То + 460) * (s - so) 
u = и Т("СО2", T) 
uo = и Т("СО2", To) 
v=v_TP("CO2",T,p) 
vo = у TP('CO2",To,po) 
= $ TP("CO2", T, p) 
so = $ ТР("СО2", То, po) 


IT Result for p = 90 Ibf/in2, Т = 200 °F 
(D e = 21.32 Btu/lb 
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PROBLEM 7.6 (Cont 4.) 


Pors : 


(b) T= 80°F 
To = 80°F 
ро = 15 Ibf/in.? 


e (Btu/lb) 





15 20 25 30 35 40 45 50 55 60 65 70 75 80 85 90 
р (Ibfin.2) 


(c) р = 15 Ibf/in.? 
To = 80°F 
po = 15 Ibf/in.? 


е (Btu/b) 





4140 160 180 200 
T (°F) 


80 100 120 


|. The IT result compares very favorably with the ideal gas table regu 
lA part (a). 


PROBLEM TT 


Oxy en (02 ) at T) lajm Frills a balloon at rest on the fur fate 


KAS OW NM ` 
[Cuewn . 


of +he Carth Where Fi» ambient ttm ре уа ture and pressure аге 
£e» Plot Spee: fic exergy versus FA 
CHEMATIC LGIVZH DATA! 


7р Pz laim , plate, Th=500°R 


450 < TS GooR 
















44777 


ASSUMPTIONS: (1) The O, is at rect and zero elevation relative to the environ- 


(Т) ment for шшен Toz SOO°R, Р: ањ. . (2) Оз fs modeled as an deal Jas with Constut Cp, 


ANALYSIS: Equation 7.4 reduces te 


C= U-Up + Po (У-У) ~ Te lS. Sa) 
With ideal qas relations у and noting that P= Po o 


1 Е RT РТ » o PL Р i 
a u(t) ulTe) 4 Pe ( 5 = ) Te ( s?CT) $ (7%) R £) 


utt) cul) + RLT-Te) = T, С° CT) - $°(7%)) C) 


By мерес ои of Table A-20E ر‎ over the Tange 440< T< Gook ) SpE 0.22 Btu /Ip. ор. 


Тюз, EC) can be ам (ua $ £e ei as 


ех c, Ut- M) + RT-T) — To cpm т 
>. (c, +R \CT-T} — To ср 4 
Cp (Eq. 3.44) 
or 
Тор д 
ec lo “p | T! A p 
2 Br e Е م ا‎ 2 = (по ®®-\ү -i-e | 
E = fe pee R)| $^ РА "ы JL % = 2) 
по Bh//b 
SAMPLE CALCULATION T= соев, e «(uo вкл) £22 -n in eoo. |. 1.945 Btu/lb 
ә | зоо соо 
1.5 
2 
a 1 
Ф 
0.5 
0 
500 920 540 560 580 600 
T CR) 


|. Alternatively, (и-и) aud Cf-9o) Can йе evaluated Uing dat Trew Tah le A-3E. 
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PROPXEM 7.6 
KNOWN Avessel coulavas à known amount of aur at pressure р amd 200°F. 
FIND: Plot the specific exergy versus p ranging from 0.5 to 2ahw. 


SCHEMATIC Ê GUVEN DATA: سک‎ 


І 
> ù = ое 
ASSUMPTIONS: (1) The alr is a Closed system, | | db | iar — 
a+ rest and zero elevation velatiwe to l ay | Tres 
the yeference environment whichis at : | 7 260°F 
Tp = 60°F, р, = ! atm. (2) The aur is اا‎ J slam 


modeled as au icleal gas. 
ANAWSIS: Equation 7.1 reduces to @=(0U-Us) Fh, (U- U) -Te(S-Se) сї) 
SAMPLE Creu LATON: This caluulalum uili be done using gas Hable балд. 
That is , UUs = KLT)-UCTe), S-50 = SCT) -S"CTo) – © Qa Р/р. With the (дегі gas 
of state. 
€- UCT) -UC7o) + PR Рт &Te )-т [5%т) - s*cts)-R 2 P/p, ] 


Us ing data from Table Å -22E , Ffor the cose T=200°F р = О, Say 
ибт) -&CTo) = 112-67 — 88.2. = 24.05 ptu/lb 


-L . Te ару (1886 бн Y обо 520€ |. 
6 R( 7 Jh ( d Te E ar 7 — aan ы 


T [5%т)- * ——— 


= 54.505 P&lu/lb 

Finally 

€ = 2405 + 54.843 - 54.505 = 24.888 Biu/lb 
Using IT do Jeuevate The data requwed , The. evoluatins ave bared оу Ezti) 
above and iutemnal (T Fumctums “fev и , U and 5 as follows: 
IT Code 
T = 100 //*F 
р= 0.5 // atm 
To = 60 // °F 
po=1 //atm 


e = (u - uo) + po * (v - vo) * (14.696*144/778) - (То + 460) * (s - so) 
u = и T(Air', T) 
uo = u_T("Air", To) 
у= у ТР("Аіг",Т,р) 
vo = у TP('Air", To,po) | 20 
s-s ТР("Аіг", Т, p) 

so = $ TP('Air', To, po) 


25 


e (Btu/lb) 


IT Result for p = 0.5 atm, T = 200°F 
(Т) e = 24.37 Btu/lb 
l. The (T result is in Close agreemout 
with Ha sample —— расой on 
Toble A-22 r as expected. Кр | aa 
p (atm) 
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PROBLEM 79 


Knows: A Skate `$ specified for tach of three Substances 






Ered: Deteynune dhe specific energy 
ASSumetionmsS: 1. T Shere T^ е tre мло h . 
—— 3 He: of of Ол алд Grave M. 2: To = o?c, Р, = l bar 
AMALTSIS: (а) Ammonia at 0.6 har, ~10°C. 
рас Table А15 

i ot 

o. (5 be Ао: 1341 iJÍts Us 132734 

- 10°C Vo= 1.3136 1k) = 2.1186 

So = 6.1281 kI/K9°K 5= 6.30717 


C=- (4~Uo) + P5Cv ¬ Vo) = To ( $-So) 
3| ا‎ 
: 33. kJ SN . m | yl бы E z 
- (1327.37 - 131) EJ. (^o NL 2.1188 - 13136] $ | onexl 283k] 6.3077 - 6.1281) E. 


= (C683) + ( о.<ъ)- (49.03) | 3 = 19.86 КӘ а) 





(o) £22 at 066 bar, ~10°C 





lbac ТРЧИ 
Ы ос (_0.cbar T ——— 
e^ Up = 232.36 & 2ÍEs Us 27.0 0S 
-io ` 
Vo = 0.25747 m3 [ ics V= O%16 0§ 
Soz 1:1035 KI (е5 ‘I< $= 1. 131% 





v 


ез lauo) 4 Pu Cv- Vo) — Ty C$7 30) 


[Hof erst? || L, |- 272 (1134 - 11035) 


= (2i1*6$-23236) + 005) 








20-4) + (15:80) (762) = 3.53 Ww J| Е 2 (b) 
с) Ri3ta at 0-6 boar ~10 °C 
lear 
0.047 Table А ~: 2. 
T د‎ 
—10°C Ups 23/.«1 Iles U: 224.47 
Yo = 0.21$ 83 Wilts м: 0.3449 2. 
Sy = ا٥227‎ "ls $e 1. o37-I 





ez (а-и) + PoCv - Vo) — TolS- So) 


(224.43 - 23H V1] + ios [0:3492-0.2 87] | 105| - a?3(0i03*1- 021%) 


(tu (13.41) - (3.43) = 3:04 kalks — — 6 


L| 
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PROBLEM 7.10 
KNOWN: A two-phase Solid - vapor mixture of HO is atakuoum Ёс ирта . 
The mass of cack phase is the same. 
Е мр. Determine the speci fre Exergy. 


SCHEMATIC $ GIVEN DATA.: 


глос AMA 
W20 Р, = аф АЛ 
ASSUMPTIONS : (1) The two-phase solid-vapor mixtuve is а closed syslen 
at rest amd zero clevation relatwe fo the reference environment at 7 = 209%, 
fe =I atm. | 
ANALYSIS `. Equation 7.1 reduces + 









EU-U) +A(V- 15) - Te( 5-5») C0 
Using Uo tuple), UE UECTe), Se SCT) aud data from Table 4-2 
U, = 8335 J/kg ‚л = 1.0018 X10? т/а, s, = 0. 2966 ler (beg K 
beh ike "fuat. " x as above, aud using data from Table A- 6 
ws Ui + K(Ug7U0) =~ 354.09 +65) (2115.5) = 1003.66 kT/kg 
3 
WU =U; + X (Vg- V; ут 1.0911 6° ® +0.5)( 466.7 osx S 
= 233,35 vM kan 
S= 5; + X (59-5) = –1.244 + (0,5)(10.781) = 4.015 к/а к 
Tuserhag Values и C1) 
LT LN з. м2 | kT 
€ =(/003.06 - 86395) +(101.225 = \233.35-1,0018xI07) ,—. | ———— 
( و‎ ( i 22 I» „е 
~ (273 -1о) k (4.0815 – 0.2766) —* 
Ф 


0 = 44.11 + 23644 ~ 948.1 = 23 566 iT /ke 


|. The large value tudicetes that a two-phase Sol id-Yapor waxture ef Hao 
Nas a greaz deal of exergy relatwe nato» dead Shale of 20%, latm. 
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PROBLEM 1. u^ 


KNOWN: The conleuts of a storoag Jamul of knoum volume are ata gwam 
Teupenalirre amd pressuve . 


FIND: Delermine the exergy if Им contents ave (a) air as am ideal gas, 
(5) wale Vapor. 


SCHEMAN È GIVEN DATA: 


AssumpTiovs:(1) The tank contents are a closed 
sustem, cud Wa effects e£ motion and gravity com 
be tqnoved.(2) Tha environmeut is at 72 (1 *, 
[> = 1 atm. C») The arr is modeled as an ideal gas. 


ANALYSIS: With Еф. 7.3 aud assumption C) 
Е > m [си-иь) + p, CV- Uz) -To (5-5) | Ci) 
(a) Dutreducing (deal gas relations , бу. (1) becemes 


Е = m [ acc) -UCTe) + ат(-® m ъ)-т (з®т) -5°сть) -R 09) | 





YA = 





— 0,562. 1 
(o3 Nw З 





Using һе ideak gas equation wf spe 
Ix cis ne ve 
2837 күк — 
Now, with data from Table A-22 


RT Н E IER |63 k) 
E = (0.361 leg) [ esu aoa E Ea E олз «(452 - 222 у 










ал kg | 
— ( 240 S30 —l. 66802 \. 8.3 0.35 
(240 |с) {( 2.530 2 )- Bg mE] 


= 617.7 kY 
(b) For water, Uo 7 UfCTo), А = УСТ), رک‎ = 5р CTe). Thus , From Table A-2 





(a) 


uU, = 11.58 з fia : Us (00 12x00 * wil fen TX GAS3S eT [ka K 
Table A-4 gives 
U = 2908.0 ا٤3 وےا)‎ , ^X = 8.272 m? ka ر‎ 5 = 9.0291 leT (les. 
The mass ig : Ww = Vlar = ( 2. мэ) /( 9.872 m? ) = 0.225 ka à Tusertidg values 


T^ Eq. Сау 


E _ 7 А EN E LT | 
E = ( 0.225 leo) [ 2۹68. пзш + (\.®\зъ5х($ Ny 8.612 71.0913. 6 ve | omis s 
- (290 ke) ( 4.0241 | 


ii 


= 1251.2 kT 





б) 
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PROBLEM #12 


KNOWN: iv as anideat gas is Stored in a closed ессе! ot prassure Р Volume V, 
On d. dew perature To. 


Fim D: (0) Obtain an ем pression fer tha, exergy e£— tha arr ina specified 
form. Ch) Use tee Гега ор Ca) to plot М versus P} Po. 


SCHEMATIC Ё GIVEN DATA: 


To, Py 





ASSUMPTIONS: (1) The effects of mohon and gravity Can be г9 uoved. Ar сг modeled 
at an ideal gas. 
ANALYSIS: par "4 кер and зми ty А Eq. 7.7. tages the forw 


a E a бое) + Po CV- Vc) -To Cf- $,) 


Tre first term Props cut because the internal of an ideal gas depend! on 
only and T= To. Also, 


S [р #1т- Ring. | = - м К wE 
Accor ding ly 


9, RT In 
EV vr tae 8] 


Sinan Te Te, t^e deal gas eg ол tion of State: pe wm RTo/y gives Voly т P[ Po, 50 





е „ре га ture 








Е 
= |- Р Ê. In ] 
E evi Р. N * 
(о) above C«paasteon 
| Зеоо kJ! [io A m 
" E "EN Q кк.) Û KU ` 7ق‎ "nu 
Sita. f SETTE. Р АР 
L fo Po d lo =. L p Po f 
A 36 we 
(| - Pe Rat 
Po А о 
1000 
900 
800 
700 
600 м y з 
2 li + 36 Y^ 
E 500 PA 0 
> 
400 Las 
ү >» © 
300 Ple 
li^ 
200 o 
100 
0 
0 1 2 3 4 5 
(р / Po) 


PROBLEM 712 (Conte.) 
For a fxe d — vo boa. | f^. dac Sipe dependo Фл Ts pusru: 


۰ A Р/р у оо ر‎ th, ^24 uire d tank Volume ceca. Very 
smal owing do t. large difference behwer P and Р. Theta, 
with a large prussure difference hot muth air would ba 
heeded {fw ^ apeahed омаде, valant . 


wnt I O UDA be come Yer 


« As р/р, ر \ ج‎ +t. required Te volv 
large Owns bo Hu Swath difference between p and f. That رم‎ 
wih & Amasa Posture difference a б, i qavan ЪЁ of are 
Wouts ae needed fw cw ppe udje d — E. Valt . 


Ар [д ә О ,ر‎ t tanke volume арр achue a constant ag 

the tank hoide Ross and Rese Gtr. TA 

tank woned be € Vaco ated j illustrating Hat an evacuat d 

= pace has a won уе ro Volare de er j We Can Hh 
uu مە‎ the Mamie Haars Viet wore — 

bec to web a evacuated spare. See the 
44h bulleted (dem w the dore ssi of Cec. 7.2.4. 
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PROBLEM 713 
kmocot: An ideal gas is Stored in a слоге vessel ot p, Г 
Fimo: ©) Tf T= , derive C= f(P Po, To, R) 
(6) Tf p=Po, derive €z £C T, Te, Cp) 


ASSUMPTIONS: U) The gas obeys the ideat gas model. Ta portti); 


ср v5 constant as well. C) The effects of mohon and gravity can be i guored 


AP А 7518: 


co) With assumptions lC), (2) ЕФ. 7.14 becomes 


5 
e + (ьа PoCv - Ve) - ToC$- 50] 


The fest Pere vanishes betause u of ам ideal gas depends only On temperature} 
Ом ё T= Ta. Also, 0 


$-$6: бест 1er Ou )- ^B 
o 


Collec Hwa) results 
C= Polv-Ve) + Ro In $ 


Wi уз Wlo/p and Voz Blo /Pf, 


Rte . Rh Р 
el Ы Rt 





сь) Lo t6 assoumph on (2), Eq. 783 becomes 


Q2 Uu-Uo rt fo Cv- Vo) -—-"Te(f-$,) 


Тло ds ех. ideal gas rela Rons) wı pe fo 


ez uCu- 405) eS [ 55 - к | Cf s SP dT- 323 


TE Cp rs Constant, So ' Sy and the P) iiffer веке $41 couttant R. Thus 


in Т 
ez c, CT.-$0«4 к(7- 77) ~ To Sp’ 7 


Т 
(v4 2) (T-T 1] - Te cp |» To 
t س‎ 
cp 
ا‎ i) БС? —— Á— 
: т | Ут 
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PROBLEM 7.14 


Known’ An evacuated container of known volume is under considevation. 
FIND: For the space inside the tauk, determine the exergy. 
Schematic $ GIVEN DATA: Umm We 


^ 





е uu 
КА z / 
p "2 > " Velo ft? 
* Euvironmeut B= 14 7 lu 
\ Fo, To ) 
ES _ — 


~ - 
- = — а ач a ae ш — ے‎ = 


ASSUMPTIONS: (1) А Combined System is Considered consisting of the evacuated 
Space (4 closed sy stew ) oud the environmeus, (2) The volitme of Жа combined 
System is Cou Haut, (3) For 440 Coyab ^ed system, Q0. (4) For He environ moat, 
Po ork To are cmstaut-. (5) The effects of gravity amd motion are ignored. 


ANALYSIS : Consider a process wheve +e evacuated space collapses ond worl is 
developed by the pallies shy system, . An energy d peram. for he уш syek 
reduces wH assumption 3 to gwe 


We rue A€c 
Siuce AU зо for the evacuated Space , дЕ. = SUe . With Ee. 7.1 
М. = - | To DSe ~ RAVe ] 


By assumptin 2, АМ = -AV =- (Ж-ү) =V. Furthey, ow entropy loa lance 
tör the combihed System gives : 


As, = С. > AS AS, ^ бе 
Collecting vesults 
W, = P. V — da Ge 
Since С 20, the maximum theoretical worle , or exergy, is obfarued wher 
Oc 20. Thus | 
Е. = PoV e 
Г изе} ng values 


, DT 3 —* пд“ 
= (147 ^X ЈО — ан 
E -(i Суон?) YT 


і Bh 


— | 221.21 &tu. Е 
178 £4 -\be < 
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PROBLEM 715^ 


Косм: Equal molar Ф. иол o t со, and He are at +ha Lame т Р. 


| e yj 
FISD De ternuine wich gas has tha greater exergy value, е. 


ASSUMPTIONS: С) Each gas obeys trae ded gas ило dak with constant су. 
(2) There OAR Ko Sig wf cant е (есі of noth’ ma and graves 
ANMALTSLS! With as eve pd on Се), Eq. 7.9 give Pr a welan a> 


(D - х - о + Расу -Va у —T(T- So) 
Thaw, u» 1 tw a $$ ov ph on сї) 


E= ©, Ст-7) я ет [E+ BJ aL GRE -Rat 
о 


f| 


m — ИА a" T = T CE vet f 
= RUT) - لم م‎ = Кз 5-0) Ас 


Peet ong Ат б. ea сл. of CO, and He , aud Sula Trae wig ہے‎ Лааг 
ہف‎ о о т poa 


без, Cas — <, ne. JCT- Te) - [ Sco ~ ese | To А. T 
= (co, -Cp №) 
= [a or- psie | Lv ш 
Be. bng peeh a ^ — 5.12, Cp Coa > Co He, d rns 
@ Eco, 7 He “и 


d, Маге why Tur Сз mo raed مى‎ Cuv e b cs brio a 
Qs chant ce Cr. Ivo buh дм | fecha |? v not oc 

ers costs Mm: 

But note that the molecular Us.e1g hts are muck different : Meco, = 44.01, 


2. 
Мц = 4.003. 
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PRoBLE M 716” 
KAI о ч» (ЧЇ R UA vepor 2 in ha 114 at 7o, Pa ر‎ ^ Ceo led oat fixed volume 
to o Specified te mpera ture Я 


For tea 4139 a , evaluate Q /m 
SCHEMATIC & GIVER DATA: 


Ft: 





and Ae. 





м 


ба 4ha 0134 Vapor, as shewn in the Hg ure, 
and haa aa KO 
емеелу e fpct. (3) Fr th exergy - 
To > Lo °С. 


ASSUMPTIONS. Ci) Tha 


vy stew 
Q) Fa tee tyctem, W090 


signif aut кае Һе / potu fr aA 
reference e cw meut, Po = о.м Pa, 


AWALTS(S: An € erq y belance Ateduces +> Arad Q uA = 


WML data - М 202844 Iis, n, 
LOLLI FD [EŞ KC. Tae with Va =, 


Uug—-U,. 


- 246-67? к 2/69, S“; = 
and dat. سه‎ Tabs A- 10 
" о. 23349 —(0. 11122710?) 
X5 = Mem LT. ve A 0.4525 
м4 - VE 0.29541 — (0.111 110%) 7 
and 


Us = us & Ky MESS 4,47 + 0.9515 (199.54) = (44.53 17/18 
Sa = 8g + жа За = 0.0401 HORSES (04055) =0:4007 EJ ГАК 


| Gf». 

ай ا‎ 
& . (49.43-24.07 «1,14 ET (leg 
A 


2 -47.1Ч =: _ 23 i) ( 0,4001 – 1.0629 ET с 


Da 
=+5,95 m a а= аы A4 


COMM $ КУТ ` 


[dare ر‎ Фалло: е tt. ASD vo v ot ат 


the ergy ww 024-12. ats» — 


Ac» $e ste حه‎ hru Cree VA. Aaa Ssh i3 o State pine DP d: ffer 
kom Тур. The energy eh any SO ott poo Да dap 

ShA d Sheet pos huve. Foe furka — 
VEISE у mm of Rane 7. 4. 


می ھت ہا 
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PROBLEM 717 


Known: Tun kg of water under e process behveen S peefied States. 
F5: Deternniine T^ exergy at the inihad and fret States and pra, 
— wm yer 

SCHEMATIC 4 GIVEN DATA: 


Saturated 
vapor at 120°C 
AN 







a Lc 30 m/s 






1.995 bar 
ү 
Saturated 
2 liquid at 10°C m 
ТА ан 
6m N — 25 m/s 
= 0.01228bar 
LSC. 
3m 
< Po = 1 atm, 
To * 25°С, v 
g 29.8 ms? 


Р 7 VL CMM MMM С 


AS cum Tien $: 





l. The water IS a Cloced System at equ l lor ua States tnitvally and 
Rus. 2. The velocih'es and e\eva hms are Meatured ге (а hve to ths en Viroument, 


3. 126° C) Py = latm ә Ve ^ VECTo ) ر‎ us vucCTo) ر‎ So ~ Sf (Тт). 
Anmacrsis: The eyergy at th inm hot and finet States can be calculate ЫЎ 
7 : t. | 
oT Eve (cc-ajs pluvo) —T (S84) + Уа 9] 
3 x 
(оу For satwrated Vapor et 120°C, Table A- gives VF 0. $414 w (eq, Us 2524.3 єз[єэ, 


7. 1296 &23|kQ4 e. TAU А-2 gives Vez 10029 0073 2189, чт (о4@ e 3| e4), 
S- 0. 3634 ET (K5: К. Thus, 


| = (0024 
> Q¥g (2.509 3 - 104.80) ЕЗ + созмо Р У © s EAT mj (ÊN: ا‎ 
ES 
- (248 kK) Uz 46 -. 0- 3674] — لاس‎ (9.8 eee) [ere ls. 
E 
= (2\ (242%. 42 + 40-25 - 205. 40-45 + 0:06 jk J = 100013 i | 


231,3 | 
@ ®) Fer se tor. [e d A»4u/d «t 10°C, уч. r0004 Xio м [ке uz 42 єз[єд, sz o.ISl — 
We get Е, = 3.4 к]. — €. 


` = T = Р سک‎ 
б) (©) The Change uz ём erga „ AE = E.-E, = 3-4-1000) 440.2. к J AE. 


|. The Kinetre and potent a4. CQuergies mearured Ге (ие do ter eanvironmevt 
Contribute hur fart magnitudes to Иа vate (y ergy, for w 
Puna ple each ould lse cow [е kely Converted to world Were +r 
те w. Охо to rest at zero elevatw, relahive fo the environment, 


2, Exergy ib a meature of the departure of e state of the syste 
fw. ted ү d environment. At att states EDO. Ts aap lies 


whaw TT > To ر‎ > Pp ر‎ ао ^ pert Ca), and whaw TS To, р €fo,«o v^ 
pert Ce). 


3 Alana hu e laq, Є. 7. (O — use d, Ttc requires dead state _ property 


Values only — To, Pos Fn parts C4), (60) Uo, Мо and So afc algo reg vir ed o моге. 
cume u ta hm v) VA, sor th thet рро осі . 
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PROBLEM 1..8 


KNOWN: AI undevgdes Two specified processes iA series. 


ELIND: (a) Represeut each process on о. р-у diagram aud indicate the dead 


sto¢e.(b) Determine the change in exergy for each — 


т\с VEN) DATA: — — ре So А2 


Process 1-2: isothermal fo 
P= 10 lbehu,* 


Process 2-3: constant Pressure 
to T,>- (0°F = 450°@ 





72 11°F = 537% 
Р = 14.7 11и 





Assumptions: C) The aw is the closed system .(2) The effects of motion and 
Yavity cau be ignored. (3) The aw is modeled as aw ideal gos.(4) For the 
environment , T, = 77°F, Po 214.7 ТЬ, 


ANALYSIS: (a) From the Given information , Р, = 50 ІЫ lia.“ 7, = 660°R. Thus 


1545 КЫ А 2 | 
ал = RD „8895 ш (60D | ГН | вва өдр 
| (50 fhia?) 144 11, 








Similarly P= lo Ш , T, 2T, =660°C > V, = 24.44 fle amd psp =10 letli” 
ed T,74509R D U, = 16.67 Hib. 


(b) Using By. 1.10 and ideal gas velatvows 
E-E =m 1 стуу Ст, + ро (ЧА - Te (s* cg Sen - R LA Р/р )] 
E,- E = үл l U CC) - CU) + Pol Va- Vi) - To (5°ст»у- S°CT2) - е1, )] 
With data from Table A-22E as needed 


— \b _ 2 1144 in: 


28277 1b. °@ z | 


=~(2.u БАА. | &,- Е, 








1 Bk | _ 
718 +-Ы; 
















144 
E.*, = @)[(716.645- 42.67) +04.1)(16-61- 2444)| се 3055104 -.64402)] 


--(5,85 Dh. v | Es- E, 
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PROBLEM 719 
The aw IS cooled from a crown 


koc: | [b of air Kiska rigid Yank . 


in’ Rat Stade do a Speafied fet state. 
Locate +he joe, Дима, and lead Çal ол a T-v diagram. 


ZND: 
Evaluate the West transfor andre exergy change; and interpfet th» Sign 
Ao Er; Change ting the р-у diag Fei, 








SCHEMATIC & GIVEN DATA: 
А > 3 ak 
EEE HET, = 150° 
P= Zalm 
Ө, R= (040°Ё © P, = Zahm 
Р, latm — Ta =(040°R 
(9) Po > latm 
— To* 510° (2 
۷ 
ASSUMPTIONS: 1. Tha air iS the closed Чі. 2. Rr the sy cnm, W <O 
Weha. and gravity Can lee ignored. S. مه‎ 


and +h «Феб 
an ideot Sas. Ч. 


To Soer ; Po = latm. 
ANALYSIS AS na volume and mass are fixed, thre air undirgoes a constant 


speafic volume cooling process as Shown im tu T-v o4 An. 
balance and vung dote fram TAUL А- 226 


Co Fa do ec an суеты 
(ча) 0-0 2) Qe ml Ur =U) = (EG (0.0672, (5) = -q9 4 Bly «— — 


сс) Using Eq. * 10, the сече 4 On агач, ص‎ 
E,-E,= ^ [ (ч. -чђ + р-у.) — To ($2-51)| = M | Ge -u - "To (%-5,) ] 


20 fia Vs -VU, 


Where t^& Kinehe/ poten fot energy termo hae kean droped by assum p him 2. 
With 64. G.tla, Xt be сезле 


m [ Curu) ть С° (т) – 5917) -R t А Y] 


Е-Е, = | 
с _ 2DU & \ Bin 
- (I (bf (та. 728.0) те — $20 п (олоо - 090450 - 5545 Ing ) T1 
= 10941 Bts ——— —— — — — —— — — 
The T-v diagram shows that tha state of the system w bought ‘cloper* to 
Since a vales | exergy t 


Ho dead shl ао the are v» cooled. 
A улад {АГ е of +h. dower ture y Han stats 4 م“‎ Na е ил Cr лл AWK, 


State امد مہ رہ‎ аид, exergy decyeatto ما حب‎ process {уам | tot. 


— Tr ч чс. 




















Then, using given dote we set 








R e 
a 
od d = "ew VW > ТЕ: — Vo - тә = $10 sw 
R Р Зоб" d Р. TP. T laim T Z” È © ( abw 
O full во Sheun om d^ T-V diagram. 


Tuus, Sia bet t / and 


Жж 
PROBLEM 72.0 


KNOWN! One kg of Steam ini tvally at 20 bar 
tuo different processes, 


FIND! For each process determine the change A exerg ч. 
SCHEMATIC © GIVEN DATA: 


aad zot undergoes 


T= 240°C 


I-25 Constant pressure ر‎ ъ= XV 


1-2.“ isothermal у V2 F Av 





ASSUMPTIONS :0) The syslem IS the | kg of Steam, (2) For Fee environment, 
T=20% , = { bar. (3) Та were. tue effects ef motion and gravity. 


ANALYSIS: Equatm 70 reduces to give Ёл-©ү= v us-u, + po C7 Vi) -T Gi ~s, J. 
Fee Table A-4, (3 2054.06 kJ/kg , М, 20.1085 e /kq , 5,2 о.4451. К/К. For each 
process V. n v, 3 0.217 vl (са. 

(a) Constant Pressure Proc ess: Ture rpo lating in Valle A-4 atk TO bar 


wita мъ 20.207 w (leg, UTILS , Seo euq KJ (keg К 





e e we J 1 КУ 
E.E, > (1kg) [ (3423.1 7205.0) Z2 + (100 £5, ) (ost -0 toes) ЕЕ XY 
— 243 K (1.843 - ча St) c | 
(a 
© = ((kg)L 3.5 + (0.9 -407,.2] $ = 3012 КУ 


(b) Isothermal Process: Tuterpe labing in Table A-Y at 240°C 
wita v4 30.27 wm (kG, UT 2640. kT (leq ; S= („8527 КУ (bak 
Ee, T (0 (2630 - 2694.6) + ((00) (0.1085) -233 (6,8527 — 6.4452) ] 


Q) = (1 kg) [ 5t. + (0.49 – (0 41] =- 62.6 kY (b) 


у 
ص‎ — — 
к 





|. Here, passsure is kept constant and temperature increases relahwa tv To 
Exergy mereases wi +h pass. 


2. Here, teuperature ы kept consanti and pusture decytasee relahve to Po. 
Exergy docyerzes we Te process . 
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Peo BLEM 7. 2. 


Data сє provided for a flywheel braked to rest. 

Deternene the inal temperature of tha brake lwrn after braking 
to rest and the maximum theorehcat гоб гома! speed that could be 
attained hy the Fly whee l Using the energy Stored in +a Fly wheel. 


SCHEMA Tic ё С.у D ATA 






joo cce TES 
| Brake lining e N ote: 
i C= 419 кї — Goer fey (77 ЕУ, 
| кук 
| Ti * te?C = 100% rad/s 
Заир ЕИО 


Flywhee |g C2, = 3000 RPM ر‎ to = ©, 
Imom = 6.74 kg: m^ 


ASSUMPTIONS: Ct) For the System Shown in the figure W=Q=O and APE =O. 
(2) The brake (гисм "€ modeled ^as an 


tucompress:ble Substance 
with constant speciAc heat c(3) for the Environment, Toz 16°C 
ANALYSIS. (0) \Nith Wea Q = APE= 0 On ener bal red | 

ө ышы | ) gy ance reduces te read 
ind AC t SAKE = О 


me[-T]+ Lo- ze Imom] = © 





— A WI 2 iN. 
wmm Rt Ies 20 4 (rox cel ( 6.74 gwt) (ege) 
“с (2.27 69)( 4.19 ку m 108 М, Ух, 
со), < і К 
= 35K О 
Tha final tempera ture Of +4, brake مە لہا‎ n و‎ r£ thaw 324k( 51°С). ЮГ 


(о) As witwessed by tee energy balance , energy và Stored Ww {ha brake lining, 
lkw ever, we de ey wing da vg imum poss: ole го т I met Speed aclu'eyshth, 

Ut o the exersy Stored, and not dU» Фаир stored, МЛ S sig cant. 
At Alka feet state ths Flywheel 


wakes Mo Сол У: бит oa +o tha ا‎ 
yew 


because ian Fy whrat wy at Aog . Jas brake liwang dees Con fy: й „Ха 
Ux ergy b.e cau ou” T2 $7. The finant acer qua. à than found using 
VM сому sii ble Sulh Сми са ⸗0 


о 
Ea= w(Cu,-us) + PET) - To (4-59) ] = ^ Сто) -To € I^ (717)] 
- Q. 3 € 324 Y - ге. 
: Garry а кз 1 35K 2.89 bn ( 32) | - 18.6+ЕЈ 


In prine quo, іа exe v4 at Ha finat SL can lex used to — 
ag th brake ning (2 Ase bored ty چ‎ ги be. 
feuperature. According, ha, s а Une parore hic Aotr h'm at Speed, 
Wmax , must Sos М, 


E = 3 aay Imom ر‎ whch ы The ILI ves аа 
& C Ua avo bx. then, 


ИИ KE 2 (AN 19.67 КЗ) | i034, | 1*9" 5*| соз үг س‎ |= || RPM -a— 
| `+ SEATE Е lr" 


6.74 K9 mi imi | z 
i T«ihlally } Jha brace Linging Con fribubes nothing ty tha tysten, exergy beceut He [ining 
v ak je mper a burt qe To. The гил par уу Sew nersy e€4 valc faa kine ht nergy of a 
fp ovd: 


= — Жы = 6l 
E\= 4 wr Imom z 5 (1007. red (6.3 Y K9 vea 2. || Ed 332 J. 
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PROBL EM 7.226 


KNOWN: One kilogram of water cools at constant pressure from an initial 
state to sahwatea liquid. 


FIND: Determine the wovk , heat transfer, aud amounts of exevgy transfer 
accompanying heat amd voovle. 


SCHEMATIC й GIVEN) DATA. 





р, = 1.5 bar 
Т, = 100°С. 
P = const. To 20°С 
X70 P =I bar 
А S 
ASSUMPTIONS: (1) The wafer is the closed System . (2) The process ocews with 


no internal (rrevevsibilities.(3) The effects of motion amd Gravity can be 
ignored. 4) 7, 20°C, р> thar. 


ANALYSIS: To determine The work, we use Eq. 2.17 
W = f pav = mp(v,-U,) 


With data from Tables A- Ч and A-3, respectively vi = 1.444 m?/kg an 
АТ, = LOS 28 X107? m?/k5 


3 
W = (i 9) (<5 bar) С 1.0528 хис? (.ЧЧҶ y pice el = -216.4 ky 
kg \ bar || to? Nem x W 








The heat Hamster is determined by USI AS Ye enevgy balance , Which 
reduces |o 


Q= wLa,-u,y2W 
From Table A- Ч ц = 2656.2 «7164, and From Table A-3, и, s (0021 kl les Thus 
Q = Q leg 400,94 — 205,2.) Yea +(-216,Ҷ kT) = -2405.7 kT 





Q 
Now, Ике exergy transfer Accompanying usarle, Е, is 
Ey 3 W- PAV = \М/- мр. Са, лу 


= 216.4 kx)- COY) Loseexio > uq ) 


| 1o? Ре 
53| 5772.1 ko, Fw 








The exergy солк ег accompany ing heat trausfer, tS کار‎ 
2. "T pr 
Е „ = _ عل‎ = — 
Q jo TIRER RJ ш _ | 
From am entropy balance : M(s,-s,) = |8 £m Thus 
Fq = Q- WTe(s,-s,) 
UW dota from Mae appropriate +tobles 
Eq =(— 2405.1 LT )- C1 eg )(24 3 ie) (14336 — 7.0933 E 
= = S83 kJ 





Q 
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PROBLEM 7.23 


ENowN: | Kg of air và heated at Concha} р^ {гиғе wrth no inteynal irrevertilal: hes. 
nod: Detepnwne ther work, heat Trans for, and the aniountt fj exergy 
trans fe, сокри яб work and heat trans fey. 

Scntmatic 4 білем DATA: 


e Sb К 
Shed ed b 
Areas exergy Trans 


b Ge 


btad area): б 
t-2-a-b-\ 
$ 
ASSUMPTIONS. I: The closed syctem is | к of ew, as Slew wi ter Echo mahe. 
2- The process occurs at const tant (^ гче withers internal Wreversb, h Aes. 
3. Aw is wredaled as an ideas gas. 4. T = 278K (25°C), Pod bar 4. The 
effects of wehm and 4raviq Can be ignored. 


AWwALTSIS: Using o (Чем gac 4 vehe) chet, T^ work vo 


C а wt E 31¥ = 
We pd =m p(s) = mRIT-T) = 6кд)( ga (40-248) к= 43.42 «J 4— 





Using Eq. 7.13, the aCcompargins exer; y Fransa * 


Exeey tanfor [= w-* AV = ®р(бу-ал,) — ^R (а) 
aE серам unns (ләсе K | 


“р -0) (9, А) = о, Aa лсе p= Po . «if -— —— — — 


Re do cing an. есет balance for At ро cess: AU = @ -W = Q= AU--W. 
Ov, wi Te d ada fram Todds ALL 


Q Q= mln uu) W = (09) [322.62 212-64] £2 4 43-60 
= 1iS3.(09€ Jj 
Us: ES. 7.12, +. 8 
^9 7 ) каша е Ux $4 trans j^ co ; 
Exorgy Trans A _ sTo А _ т | se) 
Li : ine haat | 7 (t 21 SQ i (2 
uds e \ So MEE 

= Si-S, лел 
Tw cars v 
наел vere vs. 

- @ 108-5. [ © 

s Q - wie ce(0,) - Sem) ж Ё jn, | 

J 
= [$$*6t3 - (1e9)(298K) | гиф! — E 
> 24.53۴5 وي‎ — 





A ltemahvely | fr the ComStant posure process 
©з «(и - u, J + mp vi) 
- (м, -h)z к (4-51. 248.2) EJ. = 133.6Е7 
EY 


PROBLEM 729 


NOWN: Air contained in a closed у r/qíid, insulated tank rs Stirred by e- 
paddle wheel. | 
Егор’ Determine tha change w еже r$ tha trans l^ ex ers RECOM ANAS 
work) and It o4 21.4; destructa Y L J 
SCHEMATIC £ GIVEN DATA: n 
—— À— M Á— — اک‎ — 






pM M 





T = 500° , Т = 500%, Т = 70O9 
= late, f = latm 


insula en 





Wy 
ASSUMPTIONS: (1) For the system shown in the Accompany sng figure, © =O 
and Vkiwe hs and potential energy effects Can be ignored. (2) Air is modeled 
as an ideal gas. (3) For the environment 762 50000, Po = latin, 


ANALYSIS: With Є. 7/0 the change in exersy iS 
0 
E-S м [LG.-u,) + P. Oi Чү) ~ To (5, 51) ] 
= wl UCT) -UlT) - To (SAR) —8°(T) -R 4 Ауа | Ct) 
Thess requires Pai. О Sing toe « ممع‎ 9 #0 agua fom 4 stot ү Pa [р = Talt „ Chan, 
with dete [ronn Table A-22E 
.4&6 ^ 
Е.-6 = ( 2 119.8 - 96.2 - Боо (0:6622/- 0.58223 = — 2.. 222) } = 5,4766. д — 
To fared W, —— oo X reod Wam (u-u?) ر‎ © 
w = (11) C 95.2 11459) = -34 3° Gh 


Than | Sine AV =O uA مما‎ peeves t5, Eq. #13 l'ec.d.o 


о 


еннай We аб > -24.76 ВЫ me 
Себу дю mging (роу. = 


0 Using To ёлсе ay a Eq. 7.1) ) wrt 69. 7, Y: Ed = To 3 we sec 


Ea = Ur Ese -Lw-& a] - LE;-E, | 


~W- t&.- Ei] 
L (-34.38Bh) — LS. v7? 8] = 28.4! Gh. —— 


d 


e 


— ЕЕЕ 
|: Alterna hve, Ед > ToT , where U- 5 the Amount N entre py Produced) wl chau 
оо tained fom sn en hop balante. Since dU tanne werol nor Kno 
heat transly, the бөл үтүгә balance Ламс Tv give O= Si-S,. ТАЛ», w 

piws сой, Еа (9 (98V - S). i 


н 


Te Hus Cat, +40 destruchm A €x 2694. сак lor rated to The 


2; 
Shearing sc hm 1 Pea. pard Aa uc baa gr tthe alr w Ha Tank. 
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PROBLEM 7.257 


known’ Heltumcoutained v^ e. closed , rigid, insulated tank is shrred by e. paddle wheel. 
Find: Determine the work ond the exergy destvechon. 
SCHEMATIC 2 GIVEN DATA; 


712 20 °С т> 20°С 
Pz ibar Р bar 
Pa > (4S bar 


hsulaken 





ASSUMP TIONS: CI) For the sy stem shown ѓи the accompanying Agure , Q=0, and 
Kinetic and potential energy affects can be гамоғе б. (t) Helumis modeled at an 
ideal gos: (8) For tne environment | Te = 243 K) Po > Loar. 


ANALYSIS’ With assump Hee an energy balance reduces to 
AUz g-w => W: ~ Cun- utt Y) (1) 

To ^d Th , use the ‘deal gar equation of state to write 

РМа м RT, 1: ъа т. (A). паук (Ê) aSK 

PVs m RTL 
The value of Cp 4 conctaut fon илла ьа Gares C See TAR AL) t p s S/2 R. 

Than, unm -QR Cy = 3/26. Єз) ren 
Wrst =m cR) 
z~ бек E yes a43 ук, = -4l E ا‎ 
6 





4.003 


Tha energy буто хел caw be und Renn оля. exerg d— | baker orm 


4, obtuined 
INA Exc es. Spei des ee f] esie ig — معا‎ 
бкл же: hn trey yv Paras: Жоо: иа A Ие eye 


AS- 68) <= => Ws ил Са 0, ) 


z Р, 
» фу: مط( کا )س‎ 
$34 I Janis = LISS E 
«711620 4,003 Fak К. 
S т = 
J \ 2 
l Ej =. To T + Qas ie XC LISS = ) тет 
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PROBLEM 7.26 


` kNowM: A known amount of carbon dioxide Gas is contained ın a rigid, 
` isulated vessel of known volume and ata spectt ied initial pressure. Aw 
electric resistor tw We vessel transfers energy to He gas at a known rate for 
a specified pev «od of time. 


FIND: Delevmine the exergy change et He gas amd, for a system 
Consishing of phe resistor amd gas, the work and exergy destructim . 





ASSUMPTIONS: (1) The system consists ос de Gas and the resistor, @) The 
Volume is constant aud kinetic amd potewhal energy effects are neglected 
(>) The resistor ts of negligible mass and Wus undergoes no clause of ste. 
4) The carbon dioxide is modeled as an ideal qas. C5) For the suem, 00. 


ANALYSIS: First, Fix both sales as follows: 














т. ВУ „ Gatm)(ioo 4%) 14.696 thn] | 144 м — 

p^ = ae mm د ص وس ل‎ о 
^E (1 lb wel )(1545 а | atv 1 £42 

To delermine Ta, begiu with am energy balme: AU = A-W. With КАЛЫ, 


NCUA, ) = Low 
Where. U, and О, are obtained from Table А-23 Е. To get W, use Eq. 2.14 
W = J wat = Wye АЕ Сто BEA) min} [822 
Thus solving for 4, and \Mserting dala 


0,2 — Mau 





=- 720 Bh 





= — C726 Bhu? + 3040.1 BM/lbmol = 3160.0 Sk llomol 
() |b mol ) 


Twtevooleti^a in Table A-23€, T,=641.5°R . Thus 


\ 





`- WR _ 0)(1545)(647.5) | _\_ Loy. 
Pz V (ios)  . — ad = 4.121 atm 





Now, the change w exergy of Ut gas is olobarned Using Eq. 7.10 and ideal gas 
хела ом 


O | _ 
Ez €, = W | ULT) -U CT tpo су%)-т» ( S°CT. ү = SKT) = e Qa Pajp) | 
Tuseviing daka interpolated trom Table A-23 Е. 
E,-& = À омо )[Cr60.1- 3040.) BHA - (53022) (52.750- 51.2124 -14 B6 Qu. 1147) Ba | 


tool 
= 80,85 Shu E-E, 





7-23 


PROBLEM 1.26 (Cowtdl.) 


The exev4u auster accompanying work, Eyy? 


o 
Eu = W- م‎ = 7120 BHM 
Ta this case, all of the energy transfer by work 15 “available” in the sense 


that the exergy tramsfer accompanying work equals {he nergy transfer. 


The exergy destruchim, By, ts determined by solving He exergy balance, 
64.71.1 ‚ег Ed 


Е-Е, = {= Sod - Cw- pas) - Ta 


Ey = -(E,-t,)-(w) = -(8085 Blu) -(-720 8h) 
= 6294.15 Bl 


Е 


Ww 





Ov 


0 





£4 
|. Mole Yaak the exergy input bu work (720 Вил) results (и only 60.85 ЫА. 
being stored as increased exergy pre Gas . The vest, 634.15 BR, CS 
destroyed by irreversibilities. 
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ж 
PROBLEM 7.27 
known: A rigid l^ cula Jed tank has two eq vel -volume compartments 
Sepovetad by «valve. Tekst, one v evacuated and tte otta- heids Ma, 34 


at a Vv cam cd hm. T^ valve c opened and +t, jas Fil is tae eahre VOl оид e. 
Deternuine do» finat Feupera hare and posuere , and evalu o Cs ёа 


Ein ` 

€x ra destyuchm . Discuss. 

SCHEMATIC GIVIN DATA: ASSUMPTIONS: 1. The closed system 
| | CONSISTS of both Volumet, «$ Shoum 





in the sechsmal. 2. Fo th ту ue, 
© =W=0 and effech d moh a and 
gra t4 С.А. л. ha ignored. 3- M, 0 
ио iteled صه‎ an i daat Ja. Y. Fr 
the environment, T= S30'R , fp late. 








| 
| Sotbe/we 
i 5698 . 


Cvacvated 


| 
| 
0,2510m | | 









4 


AMALTSIS. With astumph me 10 a thergy balance ла doces to 
Sines the Spec Arc in ternal 47254 2] ФАА 


о о 
AU: 8 — жг =7 LU. 
adest Soo depends бл deeper ture alone: 7T, 277, = 500 R 
У = 100° Е «——— 
Using trek daw gas е 4 оо. tin of S LA Te 
inr Falls : PVs м eT, 
Cat - (av) ^^? la 
1 R 


bur Т. = Т, ) giving 
р 02У) = RV =) р =: $ P= 25 tbh fine -4— 


Tha exergy destvuction can bs found Ly pwr san — ол іси Со. 


Flat ف‎ , 


T- 0 
= 5 
д5= | Lt. 


g- = ANS- nV C S5) - %°С7,) -R Ln РАЈА ] 
— سي‎ — 


> 
=O AAA CA 
Tren 
E J .986 Bh- 4 
Ge ~n R Jon fe =~ (0,15 homol) f! 1866) La (4) 
= 0.344 Bre 
[st 
Cd > To T 
= G3oR)( 0344 Sir) 


Exorgy o dso hoy agl w ہا‎ C» be cauaa d^. Ne undsyaqoos an 
vnrostramed g and thus urrevevtble g “pantim tO e. yi he [алла . 
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РРовЕМ 728 


KNOWN: One «9 of R 134a, «s Compressed Advaba tically Frome. Speci фед tira | 


State Чо a speci fed final Pressure. and temperature. 


FIND: Determine tne wore and +e exergy des troc hu. 
SCHEMATIC $ GIVEN DATA: 
Slar 


50°C 





loar 


20°C 


ASSUMP TIONES: U) The syrkem Shown inthe accompany rng f gure undergoes 
On adiabatic process between the indicated States. Changes in kine tre 
— Potenta l €wtr$y Can ое 'e Aored. (2) For the environment; W: 20%, р, = | bar 


ANALY SIS: ^ia energy balance vieduces with Assumphion | T 
aus haw ч) مسدلا‎ Usu) 
Wik data fron Tables An 10 акд А-1%. 
= ~ (eg )( 261.62—221.48 ) T 
be Ww 
= - 40.14 KI — — م ر‎ 


To fund ane exergy destruchm, use By=7oT 2 Where Gis the amourt of 
Qniveny produced, Obtained from an €uivepy loalance: 


* 0 
As: f SL 


With data Wow Tables A- IO and 12- 
J 
Ta Ux 23) = Qeg (10.470 -0.92533 EZ. 


= 0.0458 KJ 
K 
Ane uy 


Ej- Gast )(0. 0458) 13.42. KJ m — —— I 
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PReGLEM #24 


Knows. Two solid blocks Of mass m and рес} haat с are brousht i ^d 
Contact and attain thermat ea о. (л Dri vm. 


END! Derive an exprrossion fw {Сә exergy destructm, d e wrens bra 
that a nergy des lv uc hv canne t Ge a esa) ve, and d$ ews S, 


SCHEMATIC = GIVEN DATA: 


insulahon 
LE UV ые Мыш, 
d ми m, C po Кай 
| ‚ © 4 a mia y 
7 T, Th = 


К бый ой сыр ду а 
ASSUMPTIONS: (у As Sheen in the fsure, the {соо Solid blocks form a 
closed Sy Stem. (2) The blocks ore modeled as facowpress, ble with coustaut 
реса с heat C. (3) Б the system , ӘӘ = N-0O and there ore he fernete 
and potential energy effects. 


AWNALYSiS@US ING o.S8Sovaptions (3 ) ) tha ens sy lo «le«wce reduces Co 
Pide hd А. к : 
AU = Ё =у AO= Об 2» [(am) Cg) - [m C) + mach) | ] =° 
wher € T ıS the final tewm pera Fare et ед vilibrevin.s A CCov dingly 
[а истцу) ~ ult)-4tn)J=o 27 (астр -u(7) t m) «m7 © 


TT, 
ur 


> cUj-T11« е{14-т]=о » у= 


The amount A, AX وو‎ destvoued Le Eq - TT, whare Tw the аи ve of 
£^ tva o Q^ Luce 4, olo m va d fe лл. e «A Мер“) loatan CL: 


О 


AS - £8, + g^ = | (am) sC) ~n Sh) Съ) ] = — 


or 
a: w[[s)-seu)]-4 Lect)- s65)]] 
li T 
Tre ° 2 
= mea ln [ { = we da (т, +7 у 
di Ta 4 T, Т. 
Finally | : 
кде me Т, “| tn] OG 
4.7, Ta 


Cy) The Value y Са wound عط‎ hesahve only if [m env were Lessthan 
Uu . Cems: daring tors [455^ Fy <“ 477, 
x c 
(B+) 2) a (Retr D T? 6A < «T, 1. 
4 TT, М - 
ov = To p Th — <D =) Gr -T2) < Ф | 
Smee dts inequality cannet ba Satsfired ) We Con Cowelude Hac 
Ed Z0. | 
c) The argy Чо гости mA tts case Can be traced +o the Spontaneous 
— саси AU place wittin Aa مط‎ blocks as T9 C eov. 
do thay mnt рд uli brivis 
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PROBLEM 730 


коиду A hot metad lar їс q venchad oy. inm ey PE СЁ uA a tank of water. 
Бомго. Deternune ths ed des Мосо. 
SUMAN асо одек 


в boundary 





Metal bar: Walter: 


Тм = 1900°R Ty = 530°R 
Cm = 0.1 Btu/lb- °R Cy = 1.0 Btu/lb-?R 
Mm = 0.8 Ib т„ = 20 Ib 
ASSUMPTIONS. l. As shown {А +ha Sc he mah'e) Hha me tot wart and water form o 


(О со 4 s4 Stem . 2. For tw гема Q —-U2-O and фла are ио effect 
of woh m oc arnt. 3. Tha mett har and water ave each modeled 
as incovapre coi ble, 4. "us = $37?R(T19F ). 

ANALYSIS: Au eusy9y balance for ths sy Sle مت‎ Ao dw caa to оз 


AU) mera + АТУ =O C) 


An — ү, belana mae To T^, 


ДЕ = [> ж -р8 Jof n ]- Ex 2 Ej = – ДЕ 


Since AAV HG Lo ا ا‎ proper , ЕЕ ДЕ ) mete + AF water. Thon, with Cs, FIO 


Ey = - E wA- To AS June tok + [AU + PUST- T lo AS Testen: 
Using E4. Q) dts lee owas 
© As B [AS ү КК + AS) water ] (1) 


TW term w Square brackets is thea ovg ont E о duced, Gba ہد‎ ы 
evaluated ب‎ Скала G.S aco o. 0864 Btu / 


Ea =S37°R( 0۰ 0864 ВА) = 46,4 Bh- — 

















|. atthe илас ла ASSumphons , T^ و‎ syfte uA it isolated . Eq) indu сег 
that the totok energy of the SySten Net Constant. Ea. (x) indicates 
qe tome eX A, of + ho fy CHO does not ftev constant loe ceus 
eve ray » destvousd . 








2. Altemnabvely €4.(2) сам ka 4м pass sed оо Eat T ر‎ whew Tw the 
awovnt 4 — pe produce d س‎ Haun the Sy ил. 
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PROBLEM 7.31 
kto0ow м: There is heat transfer Tevowsl a wall fr шиси tha Чир eratures 
at ha inner and outer дг Басе) are known. 
FINDO. Daekevruwkine + 6а Rots of еж Orgy trans fa- e CCo ^ vx ^5 heso trans {еу 
anio and out of -4b wall and -ts лаа d 72 dethuch'om. Discuss, 
енеме COUP DATA 


О, 


| | 
T, = 2500°В + 





J Т, = 1000°R 


ASSUMPTIONS: l The system shown inthe Schemahec is at Steady stat with 
W=0 2.. ъ = SOR 
AWALYSIS: At Steady state an, energy rate balance reduces to уз x 
O a ره‎ : 1 „ A = боов h Tha da rechons of ©, Q2 
= QW >> Q=0 = Qa Q / ^. - ) 





оге indi cated ba +e Afrous On مہا‎ Sc oM oc. 


Sina, Ty and ТУ are are ои Tor nn owe е thea inner and outer surfaces , 
{+ лой 5 of але Мом fy acco N oa heat transfy are, 
Asspechvely 

te of xere Noo ch | Ылл 


i^ ACCOmpanyd 
heat aac ty ot 


V 


['- SEjede)s 4 = 


rate of, эх avai اا‎ — 
E герат а үн 


f! 


i- Seo "(ew 5t) = zso Be سې‎ 


(O o00 


Reducing the exergy n balance, Eq. 17) at steady € bL 


о я . 
о è 
d - l- To. — = To ) — - eV и Eg 
ЗЕ : [ Pa, -[- Ф Je («^ ex] 
— — М 
e - 271% - de. _ доо Bh- .2sU0 Ble - — 
> é- [i]t lg] 5 A E й 
Exe rgy o desr o sacl ре cousa heat ану} oceurs Spent eene 
(D +hyeu — А орок Fs dif алла. 
{ The devo ('- 214 is thea power that coutd be ol tnined in princep/e 
оч spel ging Q, to p revertible power cycle Opera Каз be hueen Tj aud To. 
Like wie Cı- To 1Qi в the power thet Corte lee ob tru ned Сл prini ple hy 
Sump yal ка 4 PELA двда Б power єс» operatny be Кот èn Tt. aud lo. Tha 
d C [ave wer be чәе € n 4 — Eg — ^A posen tH + Aa, oppor hw t to dewe top pow, 
thet 6 irrevocagly lost wi tha spontaneous Con dLo c f on Process, 
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PROBLEM 73L 


KNOWNS A gear box operates «t Steady State. Ferfermance data are provided. 
FID < Determine the Речи e y~ delivered along ihe out pet Shaft, the rate of 
е м a. 4 transfer accom pany ing heat, and, the vate of exergy degtvoct' on 


gach wm Bkjh. Also ON press euch as € Percentage ef + ھا‎ th pat Power 
SCHEMATIC FEF GIVEN DATA: 


Tn = 500°R 

@ = - ҺА - To) 
System hA= 35B / he R 
boundary 
[re — | 






Waa V 

20hp — 
Wouk 

Outer surface Gearbox 


temperature, Ty = 570 *R. 


ASSUMPTIONS: (ЧУ Tha System Shewn ‘n t^e figure 15 at Steady 5 tate. (2) The 
tem pevature sf the outer surface of the Gearbox and the temperature of the 
Suv rovadings ore eaf& U^ form. R) For the en V u^ eA men b Гос DOOR, 


ANALTS 1S M An. energy rate balance redoces at Steady state fo Jive. 
W = Q Then } кесиле Given in ferma hon 
Wout Ов Win = МАСТ To ] + Win 
| І 2547 Bta/h ) 
= „BSR 2706-300) R + (20и ( — — 
— = Y 57e 50 ) 2 i hp 


-. 24so Bb + 5o40 BH - 49,450 ВЕ — 
YA n h 
"Tne rate of ежег4 4— traas fy ACEO ve Pv : ^$ heat (S 


L- RIA [-@ [= ]+ сво B 007 


“The rate of exergy destuchm can We found by (e duun thw 26099 rate 
balance at steady Stree боо obtain 


Ey = -JA — W 


= =200.4 Bh~ - — 50,400 | N = Zi «9.1 Rh e 
= = | A — 


Сх pressing мо. {и ес as percentages ef the аа pet power 


Wat „ [48450 ) ее) - 95.19 % 
— mie SD, 200 
(D |t zo] = ( 200.4 (toe) = 0.547, 
= Gt, 40c 
Ro. Quuyev tm 
— * Sv GOO 
Win 


2 t007 


|. ТААС represents tne woe + her nae dy nranwe Value of {еж Neat loss, An enerqy Analysis 
overstates AS Siguificance: IQI- Asc?) = S% 








— — 


W (n 90,900, 
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PROBLEM 733 


EN OWNS Steady -State data are provide d for a gear box, 

Eid? Develop a full ем ergy atcounhing of +a power input and Compare 
with ths Attu it A Example 7. 4. 

SCcHS MATIC f Сом DATA? See Ag. EF 4 

ASSUMPTIONS? 1. The gearbox and a pou Surroundings ore taken as 
ths closed system. 2- The Sy them at s y State and heat tran tf^ 
occurs On the laevundaery at регеа ге uy. 3۰ p= 243 К. 

AWALTSIS: As ых Example 7.4 


Rate exergy is transferred 
Ё — bhe Guighetpeed = бо kW 
© 


Out Via Fhe low -S peed 
Sh f4 


Since Wheat trauste frou. +h. System occurs at Tf = Te =293 K 
Rate exergy ù transfer red -[1- 274 = 
от L- gle = 0 


{ү exergy w tea = 588 kW 


out ACcowpan адл hest 
tran stan D, 2 


The rele of ex er ara deshyuchion & then ob tarne d fron an 39 fate 
balanre as 


Ед = Go-S8.8)eW = b2 eW 
or jaliwnahvely , (v ы. Eg =o 9 ; where Q- ve ob fumed {у сла 
the оо Кил to Example G 4: 


Ey : (азе (61007 E | > 1.2. АЈ 


Exergy balance sheet in terme of ее pragnifudet ma cate bases: 
e Rate of exergy w: 
eae М gh-speed s het 6O k vo (боо) 
ie Dispesihond thes wear ge: 
= Rate 4 exers4 Out 


low-speed fi 58.8 )دا‎ 40%) 
heat Аул {а о (о/о) 
سے‎ Rabe of Sot eros dettuchin 2 (29) 


со.ок\о Ci00% 


T4 the present cate ta. ^at ex ary dertuctm UG qreater 
dU we Erangi ZY becaun an Addo hos оос reuera h t 
û исш д w deo tyre ua: +h irreveda |. ty asson ald with 
wherneat heat vansty fron To Gear ruv [se Surroundings. 


The analysis of Еак, FY pro vido, e. Sharper picture 4 gear hoy 
pe Fur nance be coum gf tes hua jur be koeren the affects of 

een, destruction gearhty and the tyeray Frans ferred | 
Cnn Xn Star hoy asco dak corte heat Haus tr فال‎ present anunalq 5i5 
lumens {бо مچ‎ ефе ctt. 
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PROBLE U 1.34 


kNown' Air at a known initial state is contarhed in a closed, rigid auk. 
The air receives a specitied energy transfer by heat through a wall 
separating the gas trom a thermal resevvoir ac 4©о°Ё. 


ELND: CA) For Mme aur as he system, determine Ye exergy change , he 
exergy tramsfer accompannin heat transfer, amd the exergy destructor . 
(b) Evaluate e exeva y дес uchkun for am e lave Sy stew Hat includes 
the wall ond discuss. 


SCHEMATIC È GIVEN DATA: //////////// 






„ААЦ 


/| т, = TOOTR 
ре | ahm | res 
T, * 600°R /| Le 07350 6k 
system boundary Ла. _ _ To =40°F = 500°R 
for partlay—“s // IN р" lam 


ASSUMPTIONS: (1) Closed systems are under cousidevation for which the effects 
of motion amd gravity Cau be — (2) The volume is constant aud there 
15 ^o Work. о? The aw behaves as an ideal gas .(4) the state ef the wall 

remous wm cha nged. (5) The aw undergoes an internally reversible process, 


ANALYSIS: (A) First, we apply the energy balance tn order Hx stade z. Thak is 
© o o 
Ay2+ME+AU = @-уЙ > mua, ) = a 
Solving for Uz ond (a serh Aq data from Table A-22 E 


355 Gh 
о Vo 


Tutevpolating im Table A-22E; T,= 802.1°R , 5°ст„у = 0.636 22 Brith °е. 
The exergy chavge of Ме aris | | 

AE. = m (ucm-utcr) trol УМ, У ~ To ( 5°стъу - SPCT) ~ R Dn Palp | 
Noting that R/R = T2/7, and with StT,) from Table 4-225 


4, = 8 +U, = + (0254 Bull = 137.34 BW/lb 





ДЕ . allol \ * QM © v 118 802. Lua 
aur (lo b) (31.34 - (02.54) С (Soo) (0.61022 0.62601 T la MS ) C de 


z40.1( Ba | АЕ e 


Denoting Me exevgy transfer accompanying heat transfer as Fo... the exeryy 
balauce gives 


| © о о 
AE, Е Eq с, У - PAV ) 8 JÉ air 


Ea aver =O 





Thus 








"ub = 4 8.16 
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PRoOCEM 1,34 CContd.) 
To? Tres ? FOOCR 
(by Applying the exergy ba lance | 
to he enlarged susiem Yat «e (= 350 Bu 
includes He aur amd he wall | 

m Sythe boundary 


X. for part Cb) 


be ur дв, e (- 2a - od S - (та), 





МИЫ ЧЕН ч ы ж» 








arsed 
System 
Thus 
= Т» 
(Ea m ds 3) Q - Fair 
5s 
_(|_ ee И 
= (i oe )6 зе 6h) - (48.16 Bha) 
= 155,51 -48 16 = 56.80 elu. Cb) 
\ TRAN 


From the analysis of Ma enlarged system, the exergy transfer accompanying 
heat transfer to Wma wall is 185.56 Bh. This occurs at the resevvoir | 
tewperatuve of 400°@. The exergy transfer from Yhe wall to We air, 
EQ aue, Ours at a much lower temperature, and amouus +o only 
аёль Bh. The difference is accommted for by the exergy destruction 
Associated wh the temperature gudi емі oc ross he wall, 
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PROBLEM 735 
KNOWN: Steady-State operatin data are provided for each of two SyStus. 


FIND: For ean system, evaluate ths rates A exergy trans fr RECOM RENNES 
heat and work , and the E merge deshocti'o, Discuss. 


ныл с E RU 


Tp > 325К 
(82°C) 


Qous 





Device #2 


AS Sum P TONS: 1. Each ef tn, Systems Shown in the scela imahe ts at Steady Sta le. 
2. Tha only energy transfers are those — 7 in tha divecfions of th orrows, 
3. Tos 300K . 


ANALYSIS: Energy rate balancer IVE 
о, i . А 
Device { x AZ © ~ Wout Xy Qin = W oust = locus 


Ó Фф a ? * " 
De vree? ` AM Мл out D Qua > Win = lo UJ 
— — | ie 


Devra |: tate of exergy Kens _ чыл. _ 300 7 
mm | ca aS Өт L' P J @in = E A Соки) = о.к < 
Toate ^p m orgy trans De . {0 KW < 
Out a t cow pa ved" power 
| <— 
Ед= O-7#RW -!? pwn 4:23 EWC 
Device | Cannot opere Hk مه‎ a ре ceu. Ed Cannot be nesa hve, < 
Dewa?: Rate of ал 244 trans jm = (о ЕМГ <— 


iw ace о power 


Е —— — і P laat И |" $e Сок) = o T3EW <— 


<< 
lO ew -O-FFEW => 4.23 dud 


Ed = 
Device 4. can operat o» ida сл ld. Ido wever, the very bach ee. < 
deyWec Won fate; whthy 92% of tra mers mp ر‎ suggests + 
there if tens, der blo S cepe -fr (hr ring per fornan ca, 
Quer uses dec th, Ay orgy input also maht he Comin Фала. 
PROBLEM 7.36 
ke20wM: Stady-s tate opara hing data are provided for a silica CUR. 
END Determine doo rate of exergy skeshuchm. Ошсов$. 
LHTMATIC fS GLUES DATA: See Rg. €2.¢ 
ASSUMPTIONS: | The сел р BZ actoged PySttmat Steady Sta te 2 No Wheat Fars 
6cums hehueen the Chin and Suottat. 2. Т: 293 К. 
ADALYTSIS: Tn ts case it 6 convenient evaluate th nate of wersy 
деру ос h im — Ed = To т, whare O~ w th ла 4 e ж Моп =) p^» doch . 
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ProGUEM 7. 36 CContd-) 
ha en trong Rats Valance fr th, رسا‎ reduces fo qiye 


о © : А 
ARP» 
Then, with data fe ом. Example 2.5 


- -h A. «МЈ 
Ёа = T Q = - (S88 Cons w)|- 


2.87 Kio kW 














Georgy kucha wi this Care ш dea Чә techie Aone. 


PROBLEM 737” 

known: Steady state Operating date ere provided fr a curling iron, 

F,MD* Evaluate 46» nates еж елмә 1 destvoch ow and exerc trans fy accompany ид 
Молл wans fer. Ex ness Llach аз A percen trge q th Аас Power supplied. 
SCHEMATIC QGIUTA DATA: See solut mt. Problem 6.66. 

ASSumPTIONIS. 1. The syStem Shoum in tu figure is at Steady state . 

Zi Newt trans fer occors at Т (= (Xo R (190°) On a 5: „= 10°F =S3z0°R. 








ANALYSIS: А+ то sr. an enery Nak balanca redoces to yet 
g- Q-W 2 Q-W=-2OW = -68.3 Btu/h 
Then 
te of exergy transla. [i BIG -Pi – 23% вм SH 
| cat анау Ө — * |! NGC = Е (40 | 68.5 М ) = ul. h 


“The Aske Ам ay det ruchom can lo found VSA El = 7 T, Ushers. NI 
q- à Xe» Anke af Ae tro ny production, or o d (Reano eX IG an алама. rate. 


balance: А | AN 
A U- FJA- Lh- pf) - 6 


> ец: [0-2 )@-\% 
liy — 
= = 7 BS ~(~Ge3 б) = SG. G Btu/h 


Whou ам osiad on percent yas of Ha electicee p oer supplied 


l- B1 = (HL) (100) = 17.1% 
" 


E: 
: _ [Sbb E o 
Ф ET (teo) = (22%) (оо) = 82.97, 





— — 


l. The Sive ennt кын de v fr uc fo^ ws tls Cage mdi ce Cas Ta 
Sord Ute ضا‎ not белл mesi 4 T^ Valvatt, elect cor 
pousar input. 
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PROBLEM 7.56 


KNOWN* Two kilograms ek a two-phase Liquid- Vapor mixture of water 
undergo Two differeut processes at cemshaut volume between Hue same end 
states? (а) adiabatic process, stirring witha paddle wheel, (b) heat transfer 
from a ermal sesevvoir at 460k. 


IND: For each case. determine +he change in exe y, the net amouuts of 
FIND ) ng "39, : 

exergy Tram sfer bu work amd heat, end the amowt ef exergy destruction. 
SCHEMATIC $ GIVEL DANA : a 


"P P APP AP A A, “//////// / те, 100K T, = 300°C 
! %,20.5 


T,*400K X,* 0 








W =o To = 300k 


fo = 1 bar 





(a) (b) 


ASSUMPTIONS: Q) The Water is a closed system .@) The volume is constaut. 
(3) Ти case (a); @=0, ги case (b); W 30. A) Kihehe and potential energy 
effects ave negligible, (5 ) For {he environ meut 7, = 300K ‚р„= Ibar. 


ANALYSIS: For both cases, the initial and final stats ave the same, Let us 
begin by орда data ateach state. From Table А-2. e«t. 300°C 


V, s Ul + К, (Ug - UF, ) = 1.4036 62 (.5)(0.0216T- 4036xio7) = 0.01154 ^ 
U, = Up + X Cg, - Ug, ) = 13320 + (.-5)(2563.0-1332.0) = 1447.5 17/69 
5,2 Sp + Х,(54,- Sp, ) = 3.2534 +(.5) (5.7045 -3.2534) = 4.1719 le Teg «I 
By assumphonsG) and (2) , АД =1Л = Ug СТ). From Table А-2, T,= 336.8 °c 
у= 2474.2 01/4, 5,= 5.3618 kT/ka-kK 
(оу Tn ais case, Иле volume 15 Consteuct. Thus 


ДЕ = м (Cu,-u,) + pe CIT, Уш To(42-4,) | 


= @ ka) [024762 - 1947.8) - (300) (5.3673 -4479)] Ч > 520.4 kT ДЕ 
= (м-р, д0 ) aW. From алл energy balance, M(42-U,) = f Tw Thue 








| T 
=- MA-4, ) x= ka )(2414.2- 1947.5) = -1053,4 kT Ew 
The exergy transfer ACCOMPANY Ag heat ouster denoted Eo , is 
E^ (t - 2 $ = О Ee 
i 


Now, From am exergy balance. 
E=- E, - AE = —(-1053.4 k3)- (520.4 l3) 


= 533 ЕТ E д 


йзге ctun ee 
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PROBLEM 1.38 (Cont'd. ) 


(b) Since Иле change of stade is Иле Same, the change in energy c phe 
Same AS (А part (ау. That гз 
ДЕ = 520.4 ЕТ ЛЕ 


© Sace Иле work is zero, Ё =0 
The exergy dvansfer accompany ing heat transfer is evaluated at the boundary 
temperate, ТЬ = 100k. Thus 


Ea= (1- = YQ 





E 








Tn Mi салде, - 1053.4 kT and 
E =(1- 200 (1053.4 KT) = 102.3 kT 4 E. 


Now, from am exergy balance 
о 
АЕ = Eq” Br Ea 
Е 


Е = Eo- АЕ = 702.3 - 5204 =18(9eT el 





Discussion 
The exergy destruction for case Co) is significautl, less than for case (а). 


Since the exergy Chamse is tho same in both cases, case Cb) Would allow 
the exergy Change to be brought about by less exergy transfer from fhe 


Surround: ngs : 
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4K 
PROBLEM 739 
kwown: Operating data are Provided for a water heater. 
PINO: Deternune Ha Ly er 4 deshuchon and AN ATH transfer Sor (4) 
ths wate alone aa tro sy stem loj the water and Aor as tha 


Systm. Cownare and hiswsS. 
SCHIMATIC R GIVEN DATA! 


From Sol uv on to Prob le v. 6-68 ... 


(o) С = qasks 
K 


Со) C= 95, l3 ko 
+7 


For water у m= (99,4 ر۴۹‎ C= 4. IBkeT/k5- K 





ASSUMP TONS: Г X Part (4) T^ $4456 4 the шә Her onlin. Е Ta part (h) the 
M stem vo the Water plus thre лә 505 tor. 2. The water i? valle ag incompressible, 


$3. Мек trans fy Grin Ика outer Surface the waty heakr can GR 9 nored. 
4. The states of the tank wall and Ho Aasistor are constunt: У. 72295 K. 
AWALTSS. Ce) For SYS tem (e), the exergy w transfer 4 hy heat trans hr 

deow The Assis ter b tw water: 


ес EAN 243 А a 
[es 5 бз [= [- BQ с [1- Sey (2053860) = 45 KI 


aC anin 
hent Мал e 
where Q= QU frman 64 balana зом Gs илс Ci -7 ) = (ates) (4.9 E (зак) 
-245)38 ل‎ 
Tua „кд ҷо ое NR Can oa оо зли е € ov V6 vu enti] hore до 71597: 
EJ Te 07 * (тау (9.9512) = RAS ky — 


C^) Fw $4 Stew Co) ر‎ th. — r. transis o hy electvcc at uoor Ic. f^^ ovo 
Cv vau balance fe duces with assump hi ons 3, V to give CW)-A yor 


(-w) = 26,538 KJ. AS hajr tre — ас ale ў мос фел Car. ое RAS & „5х4 ad 


а= TOE (203 K) (85.15 а) = 24145 ley 


DIS USSF mM: 
The mary Фосфеис mon w Ho enlarged systenlo) © ое سف‎ 
Ahan cT л ad da che Sou. rc d Сона سے‎ nama ر‎ eke chia 
Curent d" ow Hluwoucl Xe лә; у. For th u X+ alone, SY Fen. Cal], 
Ho wrevenihlibh ù associated wet intynat haat trans Pr 


Rn Kas Ad sis tor though Мл. water ots heated. 


Observe thad ths increaje wm the Sarg Stored Wi Hu Water _ 
едо, UA meth com, les Po ees for erar fu put and 
O ~ I EE YSU 2915 = 1590 KT. System (0) AE = 20,55% 2,443 =ISASKT 
jene Ee oT ect E ЧАГЫ ИИ 
3> AE = (198.4 Ka Y +. iS E3 JL? K- sken S| = 1594 ky which agrees фо wittuin roundoff. 


the e lechr ги put thet Ч Stured oz the water: (225 (100) - (o 0% 


1. The percents of 


$ s ther soch water heaters donot melee ef Lect e. 
Kr pel) Macca power S'uppiecd to thew. 


se о 
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PROBLEM 7 40 
EN owN: Steady - - State operating dat. are provided fur an clechax mo tor 
Е; ee Evaluate tha га. te o, exergy destruc hM and +he rate 4 h Koray 
draws far bett M ү, heat. Expr ss Фе сіл #2 ересектеу ее Ham 
е (оссе Power Supplied. 
SCHTMATIC RGLVEN DA TA: 


From Hh solut on ty Prublan 6.693: 


Weleck = 2.2«W 

Wise = 1,76 EW 

Tp = 3214.4 К 

Q = о. 524 EW 

T= 1.64 X1TFKW/K 





ASSUMPTIONS: 1. The Sten shown in Hae Schematic if at Steade State. 
2. Energy transfers are tn the darech'ons of the arrows. З. Heat trant ру 
Occurs at He wep sre. bert "b. 4. 72243 ©. 


A*SALTSIS | Dd а ғор 3 
fate of ex nu trans: fn T To t 
aaa heat HAE. [ az Je 
314.4 


Two Me. eA vga edestvecthon can be found by ^а do uns an KEY. 
fate balance or US; Ege 7,9. Thus 


£s 7e = (Sae) ( 06€ veo? ES): о. «£l ic Ww مص‎ 


E ev ы оссо у^ тед M 


e mte evevqn enders |: 7€-2w«Ww Соо) 
elec Меса lly 
e das [osi m ^| Tet жеч, 
= exergy out via $ het t .GPoew ( 7619 4) 
۔‎ exargq out wa Wear 0.544 kt ( 20%) Dp 4 
o. 4FIFW C2l 569/45) 
- exer s. م‎ strug sok 
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PROBLEM 7.41 


KNOWN ` Energy v con doc ted fv млл e. tharnat (tS Or Ur thas us a. 
Cyfunir’ o rod at Steeda Stati to anetho uw pese,posrat a lous 
{Pup erature, | 


EMD: Plot the maliy conduction +tuwough the Aod) the Га tes of 

Oar trans Lay ACC ove ^ heat Nancy indo and out qg tha 

wd j) ta ty AAG 4 2л y Usechon, Lach veriut khe nod Longth, С. 
SCHIMATIC 8 GIVTN DATA: 


Gee D = 2 cu. 
өй کو کک‎ EUN EPI, IR оз odi ا‎ қ = о. 4 к\м/ м. К 
Ф | 
1 = — —— | Oo << 1.0 
Qin „Уу کے ار‎ aS. i Ls | we 
L. 
(elervoir reservar 
Tn = 12001. TT? Zoo 


ASSUMPTIONS: lI- The $4 SHm ری هماک‎ wm he Schoma he to at Steady Stu te. 
2. Energy Мама fe à w Xa davechos ri ie à Y MW еу 3. ъ= 300K. 


© ` , , 
БАЕ Ал enerig Cate balance reduces to give ge = YQ ~ VS ту Q= о, 
ov Qin: Rout. Using Es. 2.32) the common hoat {сай рс ло by 


emducitm 4 


Qs Qut = kA [ue ds [du Z Cow (neo 22° K 
uod 9 1 Jew 49 
L 


Tha rates % —9 {сал {С оста и rot trans е ave, Арести ly 


Бэ», C7 Ben P- Ba] au sonne " 
СИОН з) 


Tha rate AX дә уос ал can be obtained hg مہ‎ do cn an 
CY үч fat alan, اع .ایس‎ cCornesponds +o finding 


As LAA e^ ch lat hase en یمر رہطا‎ f entering aud ayi hing tes rod. 
Tw, 





=~ _ rate A a ors = pated 20-05% = 0. 4 Q: (4. 
Ed = L jane 16, in | Ке our 7 2 ) 
S ovile Calcula Км: Lz im, Qin = O-H3IKW , [Rate of txersy fransdv ги] = Ed= 0-0 FEE kW 
PLOTS: 12 
10 
= 8 
5 
= 6 
О 
4 
3 
0 


0 01 02 03 04 05 06 07 08 O9 1 
L (m) 


1-457 


PROBLEM 1.41 (Cowl'd.) 


10 


d 


E (kW) 


rate of exergy _ 


transfer out ` 0 


Oo 


rate of exergy 
transfer in 





0 01 02 03 04 05 06 07 08 09 1 
L (m) 


Discussion: As the length of vhe rod tucreases, the heat transfer rate amd Vue 
exergy destruction vate decrease rapidly. Since exergy cam be 
viewed ás Waving economic value (secs. 7.6,7.1), a reduch 
T exergy deswuchon can be viewed as a cost Saving However, 
the. cost of the vod increases Wilh length ,so ам economic 


Trade oft is inherent in selecting a value for L. 
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PROGLEM 7 42 


Known: One Ib of O expands iSothermaitly us bt, rececing energ by 


ПОЕ Tle aç a Wall Separating {Ка О, froum a thermo reservors, 
EnD: Ce) For the бу вә the sy Stem, €valoafde W) б), the exers 


trans — 
еи ar AS wor and head transtv, ang Te My er das ruc ve ٠ Cb) 
Сма ‘оа < Ha — d» t a fra {Ч ftem tnit ^ tt. wats and Os. 
DiSwss. | 


SCONE сиге тата ASSUMPTIONS: |. Tn partla), the 
System 4 tha Oz di. Ta port Cb), 






the sustem is the О, plus the 
Шы bane For 02! Wall 2. О, (s modeled as aw 
€servor 
at SYR — T=S00°R dest 945. 3. The state of — 
Р, =100 lef wall does net Change. 4. Effects 
T Tna of mohon and ra vite are. 
Р = lo bf ered. 6. D= S4o?R, pls Uf 
in ; 


ANAL TSS @BAN ener balance reduces to QU=rO-U. But 4U-O for 
an ident gas at fixed tempermimre ) co. Q = Ww CU) 


To find W, ase ths ident gas model with 
w= f pov- pagers me7 M". 0 Sma PV ET, DL Visi ET, 
Na |қ, = B = W = ~ ET ln E (2) 
An exergy balance {ates thy forn~ 
ЛЕ = \\- =] Q - [w-R AV J] -El 


Т Exergy tantr | Éxersy‏ ست ت بے 
E He i ii wch work. - — ДЫ дё‏ 


t 
- т a — سے س‎ 


Alteynahve ly 
(AU+ PAN - 64$) = [17 #)@-Lw- њам] - Fd 


With AU 20, Q=W , ant cancellahm of РАУ ^ both Sides, we get 
t: — ر‎ 


0 Ea= T | 48-2] 


5 54. m RT P^ RIP. 5 О «&4—— 
= Te | mist) -$ m)-R ү J — ⸗— | 


"T < constant 


Accordingly, yu. 02 undergoes an interned (eversibie Bocess. 
With Е45. 0), 0) 


Q-z«w = б ь)( 1.985 Bh )Eoee) teo) = 7.492 Bh <— 


lb ۰ o 
Using yha ident 9 25 equa hon of State and introducing 64.2 
Exergy transter 2 W- Р, OV 


А босса Md. wth wor К Tl in fo Po Ё 
` mat inf. -P [IR "FU = met E- Tt р 


_ 6 lS) = 29.55 Bh. «— 
(1b \ 86 e (sR) tue to PEE 


1 


f 
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PROBLEM 742 (Contd. ) 


Exeray trae е 


НЕ 
ASsSocca ded both heat т L'- ze 
® © = [i Sto] (т. «зовь) =8. Bh — 


(nh) For an enlarqed ssl of Oz lus wall, Ед = 7o Q^, where Tig the amount 
4 ce ona (7*9 е 4 uid oun he p DER SY Sten . Apa assump tien 3 


о 2 
AS=2ac¢ or wet + CAS)o, = S? 
(es 


T og 7 With Eq. C1), (2) and 
Gs CA S Yo, - — * 


| «тфу TT 
= обњ) -ч°бт)-к4-Ё Л] — С^ M 
чы, — LR Tres 
ow 
486 Br )ا‎ 500 
фс mrali x] = cm SER HL! $9) 
© 


- 


> 054 ж/о” 8/26 
Es Toe SHO RCY ога X c^ Bh. | о) = S.72 Gh- -——— — 
E qm 


Exer ص‎ desto qed witan ths enlarged Syste, owing to Spon taneous 
heat tranche + brows a huit feumperature da fert 
" 


Ray , 


cA. S MAYOR S AC Wah, 


The term in brackets a +k en hor y produc hon w: teun T^ О; jas Can be 
seen by eph tha en hony balance to thesystem of portla), For tt s 
system, we gët (С=О, | 


Sine heat transfer do the system occurs at TLT) + ассъм panging €A ers y 
Как | «s oppositely directed. See Hu déscossie 4 fec. 73,2, 


Taserting Calculated values ги to energy balance 


AE s (- 9.16 ) — (294-56) - (0) = - 38. 28 BW 


Tres algo Can ba determined Using АЕ > AW+t+PHOV-Te OS ر‎ ay 
Can le readily checked. 


4 Tao n Tres — T 


Sinan the Оу und greg or ulead feu tnr bre percert, tr 
gn е ч du ch ما‎ ( and ANAL 9 dsotruchu. ) Cee lae 2 +40064 
Wau луд €. wih Atto ghe. З Py ve 


0 
= Ф V ic 
SPS enst Tres T 


Ы‏ لم а [= 7: Fm‏ € د 


. 1.057 jo * Bh oR 


whack eee w: سط‎ Aa AM ААД Aspe {6 hoar . 
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PROBLEM 1.43 


KNOWN: А system undergoes a rely iae von слее While receiving Q. at 
tewpevature Ta and discharging Qu at Ty, where Ty >To. Qe anc Qu асе 
The omiy heat fvausfevs, 

EIND: (A) Show Hat Ма са cannot be zero. (b) Obledu a specified 
express LOW for coeftticient' of performance B. (с) песе Bmax. 

ч 


SCHEMATIC $ GIVEN DATA: Ty 







ASSUMPTIONS * (1) The system shown undergoes 
a refrigeration cycle. (2) Qmd Qu are the 
onlu heat tramsfers amd are in the direchors 
of arrows.(3) Т. and Ty ave conshaut amd 
Ty » Tc (4) The environment tempevarure is To. 


Wey dle = Qy- Qe 


ANALYSIS: (a) AN exergy balewce for the cycle reads 


AET iu" - ]@-[- ¥, Jau- ОР, wf, 1 Ba 


„меке AE = AV =© for a wele. Dur oda cune Hae energy loalowce , 
Au = Wayeke + Gc We ^et 


O= [ = = lee- fi- T, смале +@e) Меда € 
Uc =)“ & Qe + Ea w- Te | waa, = E, 


= EN To 
“ль |] 4 - £ | a+ Ty Neyete Ед Ct) 


n 


Solving foc €i ond setting W caelo. to ехо 
2 E MEC T To o . . | 
ые TLR Hh] act Eun > вдо тейм) 


usd Die ed 
P05 · u^ Pos 
Thus W Caunot be zevo. 
(b) Solving Cy tov B = Re /W pla 
Tu Te " WI t _ 
| | Qe ты 4/7, 


(a) 














ET > ااا‎ Ty Ед IBI Te li Tw Ед ' 
0 N عا‎ Tu -Tc 4o ее TH тс To (Qu - Qc) — l! ) 
(су From ме result of gart(b) | e increases as Ед — o. Thus, wher Ед =O 
z ade 
Pmax g Ty -Te 


as expected. 
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PROBLEM 7.44 


Known: Various substances ave at specified Stectes at We iulet Jo a comel volume. 
FIND: ln each case, determine the specific exergy amd specific How exergy. 
Assumptions: С) The velocity is relative to an exergy reference enviroment fer 
which T,*26*C P= Loc. C2) The effects of gravity are negl igide . 
AN AW SIS: Wits assumpti (2), the Specific exergy کا‎ 
@ = CU-Uo) + p,C- Us) = TeCs-Se) + (0 

amd the specific flow exergy is 

5 (h-he) - (5-52 + 
The relat, between He two is - 

= Ф + VP-P) 


(a) Water vapov aX loobar, S20°c ,/Do m/s. With hu he (20%) = 8346 єз | ke amal 


5 2 SC 25°C) O. 2466 kT (kg < from Table A-2, and h = 3425.1 «ТЕ 
5 =6.6622 kTlka:K, amd V= 0.03394 ма from Table 4-4, we get 


(2) 


kT Pay J003 m2 lle 
= 04 25.1 – 8396)7— - раз X6.0622- 0.2466) P, (99 ) BA | LN | 
€ (5 E e X D IS C 2 ) 5% LU 10 К 











: 148 кт/ы : ер 


From c3 ) abawe 














5L — eT 3 юм] | CET 
@ = er (Р Po) = سے ا2‎ ~ 0.03314 ү. J(1ee -1) baw і Фал Jo? Nem 


€ 





= |445 kT [ke 
(o) Ammonia at Boar 0%, 5 mis. with data from Table A-15, h = 15.5.8 т [leg , 
5,* 6.2816 Ies. , h = (454.43 «ТІК ,5 25.5409 ET lKo-K, v * 0,2582 M/s. Thus 


А Б 
ес = (1454.43 1515.8\- (243)(5.5401- 6.2816) + 8-5 | 2155.67 а 





and T 
Ф = &-VCp-po)= 155.67 (042382) 3- |55 = 7541 LT [lea 


(C) Nitrogen 45 am ideal gas at 527°C (Boo К) 5o bar, 200 mis . Using ideal gas 
relatums, #ё.(®) becomes 
— | = — СА 
G = Ся) Г ез OS) - To f Sct) - Sects) – | + У- 
ЫИ, dato. Tow Table A-23 
| & 
€ PES [023214 - 8521)-@93) {(220401- 120.805) ~6.314) Ou ll 4 (£99 ) J, 


€ 





= 587.8 kT [ks : | S 
om E 
Fo 


e = ec - VCP7 Po) z € - ет |. - = | 


2 ET 344 КУ | 
= 581.8 ke 7 бог. K)( Book] [ = L | = 355. | т Ф 
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PROBLEM 445% 


knowns: Steam ata Spee’ Ае Sta te, ic under Conscdero. di v. 
FIND: Deternune ths Spee fic exergy Ond the Spec fire fto; tera d. 


кызл АШЫ & Соў DATA: 


Steam at (000 \bf line y 200 OF 


* - SORE Т, SORIO) 


SO £+ = 322 {t/s ~ \a tu. 
2 4^ 


— уту — >>77 


ASSUMETIONS! "Tue velocity and elevation are each rela Кое to 4t exergy 


— enviem mtt for whcn B= SIOR ( 10°F), p= latw, М o% Vg (To), uo% че), 
o% ЕСТ), So% Se (76). — 


ANALTSIS! Tha — exergy is fevnd fran Eq. 79 : 
= (U-Ho) + Су) - 5-5) V. 4 q2 


Wik data fra. Te bles А-2Е.4Е 


- А: | LOK 
е = (38.4 — 58.04) Өт + (1437x144 ud 34 3017 0.0105) Ft | LE wt | 


| Ы Bru 
- SpR ( Lello — 0.071405) set im 4 2.2 fH So н) | 14 | | 


32210.15 | | PEA -tvt 
= 1290.3| + 3.50 -€44,04 +0.51 = 435,278 Be [lb м © 
Q Туа. spec thc Flow ex eva gie found tv о. Єз. 7-20 and data fe rw Tables A- 
26 ,&Е: 


eg: (0-м) - ROS) + У + gt 


P 
= ((624 -38.04) - 844.04 +0.51 = 5 10.3 SG. / lb 
1. Alternabvely Eq. 7.30 can л used te write 
t 
eg езх VC P-Po) = 935.26 BE + + (1302 HY 600- 144) = f | l“ | В 


= (435.29 + 141.05) —* : S 16,3 BY 


7-51 


PROBLEM #46 


kN ош An ideal 


gas “sth constant specife heat rato к. 
CD: Shew thet in the Absence "f. Жика ана чылга et picts 
= F ‚ „ к-)/к 
Cp To б To г 


and develop plots fer k= 4.2,1.3,1.4 of € /cplo vs. T/T. fer 
P/R= O25), 0,5,1,2%, Ф. Diseoss the зд», ance ef &y <O. 
ASSUMPTIONS: (i) The System C c SiS TS o4 an idea Gal with cosa tau t 


Specs hic heat raho., (2) The ef fects of mohon and gravity art vct uygun f aunt 


ANALYSIS і With aSSVmnptorl2) and ideal gas relati SH ps , Eq. #20 gives 


е; = h-ho = TUS = ©.) 


| Ө УН: P 
- Cp LT-To l - f» [ <р * =з BS x Р, 
su Lee cpl tt] (E4. 347a) 
i 


| T (P *-1)/ k. 
— É مار‎ + n] و‎ 
Cp To ip lo 


Ca) See pilots 


Clo) Diseossconu. 


on tne next Page. 


The 


3S peerfire ТЯ со 


е- б о-чь) + Р, (0-07) - Te ($-$о) 
and the Spec flee | ex erat vo 
у? М-М, ~ %(6(—%) 
= (ar pv\ - (uote zu) - 565-5) = (acne) + (PE poo) - 2 6-5) 
Suowachng @ fram ef gives 
ef = е + VOP-A) 


Thus, aitheash tie 5 ме Eras е Canne t ba nesa h ve, е; Саа ёе on 
negahve values wher p€B, , 25 Shew, Uo the plot las low., Phos: calle ‚ From 
{ка devel pment of (ес 7 4 j the | lou exergy о thee fom Y t ^e. 

eve ٣و‎ a transfers QC Ce pense WAMASS and aC Comp nging Hew cort. 
The Value of Ef ar 6 nega hve j then, When + hear emtriby hous hava 
Opposite SEA: ha flou- wwork | Ce dfvibu fion. iS opposite Te the direc Коу of Flow 
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PROBLEM 77.4 (Cow d.) 
































PLOTS : 
9 
8 
Т 
6 
5 
HE 4 
© 
~ 3 
Ф 
2 
1 
0 
E 
9 
8 
f p/po = 
6 р/ре = 0.5 ` 
р/ро = 1 
5 
re 4 
$ 3 
2 
1 
0 
Е 
A Sr 
e к л ы Ze 
Ф 





Ze i | | | 
CERERE 








PROBLEM ў. 47 


С м очо (ч : А aeo ir adt FO urt е provi der о. Stream of Хог 4 water 
at T(27%) and Pressure р. 
Ер: Pilot erc [с Te versus Т/Т for Selected values et PÊ. 
ASHE е See са ша wo ЧАА مە‎ jn Coveya ofi ble FETE Ht. 
cont tunt хрест Maat С. (C) Th rp cfs of mohon and gravt 
Cain ha ne ead. C3) For tlh, bii а reference адм гок ment ) 
To eof; р, = latu. 
Аълои With Eq. 7. ZO “sing Eqs. 3.206 ر‎ 6.24 and assumpti 2 


ef s (h—he)~ Tots- S) = (сст-т) +4020) — Toc Ln TR 
or 


I n L yela. УР E. 
съ= BT Ali: ‘| = 


Seleetna C and p fran Table A-14E +4. car бес 4cother wo 
applica f'n j ths ve darl ead term 4 ЕЯ. Ct) 4 


Ё Po № [ (41 144) fl f un | = B.69X/0 ^ 
To d [(.01 Btw op, | FTP 
C "to (lo E he? pb (o Р) 





“The fotlousing plot i$ constvucted неч Tr: 















ТТТ 
КЕЕ 
IIT 
TTT 
ae 
ЕЦЕ 
ЕУ 
0 
KIT ЕЕЕ 
ce 


1012 3 4 5 6 7 8 9 10 
T / To 









er / CTo 
1 
> о э N WAH ON фо © 





Note that tha constant w Eq. CU has a Smati vol: 
[съ ] = 8-63 хо 5, which іи с Кас a Weale 

depen nc q (€£/cp To ) on CPI): Tre above plot 
(eo this ‚ as the curves fo vandut Vathase A (P|) 
D ол top et; ла another 
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PROBLEM 7 48 


NOUN: The State of o Flowing gas vs defined by h,s, Vj Ж. 


EIND : Determine the maximum theerehical Work, per unrt of mass Flowing | 
that could be developed asthe stream їз reduced to the dead state, 
SCHEMATIC È GIVEN DATA: Wey 





To, Po, М0, Z^ О 





ASSUMPTIONS: (t) The contvol volume shown гл the accompany ag fig wre is at 
steody state. (2) Heat trauter occurs only at tewperature ^T, = To ° (3) The 
velocity and elevation ore relah've tothe environment wich 's at To, Б, 


ANALYSIS; At Steady State the exergy Yate balance, 4.7.31, re doces to 


e о 
d v чыз € To x = e 7 ۹ _ ы 
— — 


ZO Stuce the stream fs 
= о eerte reduced +o +ие dead state 
Te = To et the exit 


Thus | » 
W ev = ес س‎ Ed 
УА m 


The maximum theore cel volue. i's o lo tained Cohen Eq2O : when there ave ^O 
taternal Aere vestibili Her. Thus г | Се ым ae 
(Sex) G-uo)- 0-3) 4 V4 gz 

№ Лидл 2 





Comparing thas €ex(wossion to Eq: 72d, it can Qe concluded +hat +H. 
Specific flow exergy Can ke interpreted as tha meximum Нлл оге h'cot 
work , pec unity mass flowing; Tat соха ba developed as ths (tres ил 


б< brenght to desd state wala allowing heat transfer only at 70. 
This interpreta Ком Complements tote « 


Ven w Sec. 553.2. 
PROBLEM 7 49 


KNOWN: Steam exite a turbine at a rpearfied state and marg flow pate. 

Fino. Determine the maximum theoretical power that could be developed 
by reducing the exiting Seam do the dead state while allowing 
heat transfer only at temperature T. 

SCHEMATIC € GIVER DATA: 











Turbine. 







5 Te, fo, 
ha aio *3/h Vwo, 2. O 
P= 0008M 
х= 6,04. Ty slSOC 
Ve Fom/s Foz 9.1 MR. 


ACTUAL. HYPOTHE TICAL, | 


ASSUMPTIONS: СУ The hy po the tice | control velume is at Stead yetate anrd 
heat transfer Occurs only at tempera ture Ty = To. (2) The ме [044 is relah ve 
to the environment for wlth Heperative rs To and pressure ic fo. (3) The 
affect of gravity can be heglected. 


ARALYSIS: The Solo hon to Problen 7.48 Shows that the mey г ма ban 
theore К cal ower thet could be de ve lv poe d 6 ear one-talet, one = екг 
Control volume at Steady dhat Would re Luce "the Shream dot ^e 
dead state at the exit while allowing heat transfer only at To is 
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PROBLEM 7.44 (Contd ) 
(Wey max = M ef = và [. - he) - То($-%) УЛ] 
Then, with ho he(To)= 62.49Е3|69 , Sow Sf lT)? O-U2ITKI/ EG.) and 
М = hts #9 = 133.99 4 о.аү(2403.1) = 2432-744 є31к9 


S> Spa ¥ Еф * OSATU 4 o ax (8.2282 -0-S926) = 7.7705 FI 169 K 


| > єз | оллачү)ЕЗ — 
Wede = (2425 юз) [emm смя) ЕЗ _ cep (ors o ET rr 





у 
ION ^ 


= (GE )[21-8-м1 22173. — +245] [ir |= ПММ — 








оо ( 











PROBLEM 7.50 
Км OWN. Water drawn Frew e. lake Llows turous h ©. hydraulic turloine- generator 
Чо œ~ pond Located \ Km katour the lake. 
EIND Det+ernaine the naa АЛ muna mass flow retre required to generate 
elechecci by at a I M wW., 
SCHEMATIC & GIULM ATA! 











Lore, 
25°C, tbar © 





ASSUMPTIONS: 1. The controli Volume Shotum in tha sche matte FS at & feodi. 
state ) and heat transfer occurs on ly at B= Т. 2. At the exit a) tm 
S he Corresponds To tuha dead State: То, Po > Мо ~ о, Фо” › he = мо, se = So. 3. A+ 


ths inlet 4) Kinehe energy can be ignored. 4. Ње the | €uviconwtoed, To: 28°C, R= ar) 
З = z4.9lw[s?. 
AQmAUTS S. The achat Power d eveXopn ed must sahsty, Wey < Wev) may. Using tha 
result of Pasbiem 7 48 J tre me im un power thet could hedeVeloped 04 any 
Conte Volume of thi type under Соимае үа ои is 
(D Wey way =w CEA = mM Lh ho) -b Cs; - So) 4 Ў * 92 ;) 
T 
Accor ding) 
⁊ 
Wey & А [hi - ho) = T (8-80) + М; + 9%] 


The vUndeylined teym vanishes مھا‎ сд илл. = Py, T= To and tha inlet (Смеће. 
емесби wa negligible by agtum ph m 3. Tat; 











Weve m (gai) С "P * _ (io з |$ ) expe | kg [с 
7 (а. sim м y entm) 
Se ee ee "wa = !0Ь@ ES]; Е 





\. A verna veh, 4 analysis could invoice Es. (о. S3a. . 


TS 


PROBLEM TSI 
known“: Dalla are provided for tha мроі ги SHAM across a valve. 
кю Ca) Beternune® tre flour energy Valet at the valve valet and exit 
And ths pats у exergy Чер мус! ол. Co) €valua le +h. annos cost associa fed 


usi thr di deghrvch ow. 
SCHEMATIC 4 GIVEN DATA: Soo 
Фо bar 





’ 2- h 
T s i ۶ 
mz 2.7 kass P= 20 bar 
T= 290°C 
R= 30 bar : 


ASSUMPTIONS. 1. The €pentiov across the Valve is a throtthing pass: 
м» hi У А? Ње t^o environ ent, To = Lag K (25%), Po = а № . 3. Cxersy ص‎ 
Valoe d at 3 o.08/ KW.h. 4. 1500 operating hours! annva Uo "AE $. Ignore +n. 
e tects uf mohon and gravit- 
ANALYTSIS-@) With assumpiml, Vi Zh,. Thus, Sht 2 is fixed by Phe. 
Frem Table А-Ч, Wy 2284.3 kI /kg , S = (6. HULLkI cK, S2=OG10F Isk. 
Table А-2. qwes hor hg (To) = (04.89 kT / з, So ^ ScCTo) 20.3614 LT/EGK. 
Then, with asSUm Dh m $, 64.720 Gives 

egi. Who - To (81-8) = (24403 104.94) 298 (оччо 70:36 14) = OUA ETH leg 

€i = h- ho- TCS- So) = (2341.3 ~ (04.8%) — 248 (0.0009 —0.3%674) = 4.) 3/5 
The astociated rates are 

Eg = w Oe, = (2.7 kq /s)( 1024.4 kT eq) = 2707.2 le W 


An eversy Me balance psduces to give 


° Fa" ; | 
б = 16$) - ж + ( Ec - Er.) - Ёд 
J i 
<}—. 


Ear Єр - jk > (2107.2 -2630,0) “ГУД, | leW 


=) 
сю \ Evaluating exerg at ¥ o.06/ cu. h ‚ thre cost a SO сал‘ ka wi tan Ao. 
ex erm do cive ek Tr 1500 houri 7 o pre Tr e^ annvalt, i 
: 7500 h\/ £0.08 
Ж = ( 52.1 ем) ( Year \( KW: =| 
«X—— 
Ф = 179,200 /year 





|. The irreversibility Associated coit. We expansin across the Valve 
Can ha reduced Ry replawng the valve Gate e power- recover У 

turbine. However, the costs q ths harbine and \ts opevadvo would 

have to considered carefully Oe Pore ruch a aaplacement would be 


a peruved А 
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PROBLEM 1.52. 


KNOWN: Steam et aknown state entevs a valve operating at steady State and 
undergoes a Hwottling process to Pressure p. 

EIND: (a) у p= 500 lbf 1i. *, defeymine the exit temperature and phe exergy 
destruchon perc unt ot sfeam flowing. (b) Plot these quantities Versus p 
rama (ug from 500 to 1000 (64/11 .2- 
SCHEMATIC Ф GIVEN DATA: T 


Ct) peop, 6273 





Р, = (000 0А. 
{ T *600?F 
P2 





Р = (ооо “=~ 5004 p, < looo lbFlin> 

1; = бО©°Е 

ASSUMPTIONS: C) The control volume Shown is at 
steady state (2) The steam undergoes a throttling 
process in pussing through the valve .(3) For the 
refevence environment, T= 70°F, р = 14.7 lbf i, 


ANALYSIS: State ı is fixed by т; :600°F, Р, = tooo Ibflin.® To fiy 5 
State 2 , we use assumption (2) fo get 
= e» 
i ч. 


Thus, wir Р. ond ba, state 2 15 fixed 6-5 wel amd Т. cam be 
determined . 


۰ * з X ( 
То gat CN — — Ом е. келч = ance at елди State. 
О = P SAC We № [е-е] – ca 
ov A o 
Edl = €c 7 ©. 7 у т, (5-5, } C2) 


(Т) (о) From Table А-4=; lh = 1248.8 Oru амд 5 21.4450 Bia llo. 98. Inte rpolahing 
м Table А-4 ak р, = 500 ғ |, = И, 1248.8 Brule we get 
(0) Tr 


T, = 524.0 °F 
21.5098 Btu/lb?k 
Now , from a^ (2) above 
Ed/m = — To C8,-S2> 
= - (5 30°} (1,4450 - 1.5078) [E 
= 34.34 bl lb mess 


(b) The data to construct the required plots are oblaimed using IT, аз 
follows: 
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PROBLEM 7.52 (Сом. ) 





IT Code 
p1 = 1000 // Ibf/in.2 
Т1 = 600 // °F 
p2 = 500 // Ibf/in.? 
To = 530 //°R 
h1 =h_PT("Water/Steam", p1, T1) IT Results for р; = 500 Ibf/in.* 
h2 = h PT("Water/Steam", p2, T2) hı = 1249 Btu/lb 
h1 = h2 s, = 1.445 Btu/Ib-°R 
s1=s PT("Water/Steam", p1, T1) s, = 1.51 Btu/lb-°R 
s2=s PT('Water/Steam", p2, Т2) É /m = 3443 Btu/lb 
d 
Ed = - To * (s1 - 52) Т, = 523.8 °F 
[Со75. 
620 
600 
~ 580 
"i 
— 560 
540 
DiSCuS5 | 6 A, 
520 l 
500 600 700 800 900 1000 - As seen ом the accompany 
Ibf/in.2 7-5 diagram, Tre exit Terager- 
p2 ( ) per. 
ature decreases ав А decreases 
fer fixed h. Thus Ҹһ. pet of 
ext nad jo ex ds 
ae expected behavior. 
„ The Yale. of exergy deghuctum 
30 umit mass of steam Howing 
T increases Wi decreasing Pa. 
2 Thin 4л alo ex based ove 
а 20 greater ewovrog productum. 
Е 15 Ол масе increas ine S, (See 
С» ro Ts diagram .) 


500 600 700 


800 900 1000 
p2 (Inf/in.?) 





l. Tn early printing of the 4 Medion, №, 15 dp "A анан 4Е as 


1238.2 м /ь. The value used here (тл tre solution) i 


corr value 
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PROBLEM 1.53 
ENON: AW ak & given stade ewlers а valve operahing at steady state wH a known 
volumetric How rate . The aw undergoes a Ywrottlww process to exit pressure pa. 


FIND: (@) Determine the rate of exergy destructum for Р = 15 beeline Cb) Plat 
Уке екелу 4 destructum vate versus p. COM WT from 15 јо 200 lbfliù ž 


SCuEM GIVEN) DATA: Т 
2 [bE ids е 
Р = 200 p Ci) „г 5, (з 15 <Р < 200 lbfliW і / aye tout 
5 
T,= Воо (29) ` 2 К; 
= Р, =5 Ша: 7, 2 8oo* oo 1227, 


AV} = Fac 
( [оо Hmn 7, > 530°R 


ASSUMPTIONS 0) The control volume shown is at 
Steady stale. (2) The avr undergoes а ThWwottli 
process iu passing through the valve. (3) The aw 5 
IS Modeled as ай ideal qas. AJ For the reference 
CWVIVON meut, To = 530%, ә 218 ІЫл 
ANALYSIS. Slele is fixed by T,= 800°R, p= гоо Ibtlin> To fix shak 2, we 
use Gssumptun(z) to get “h, 2. By assuuption (3) 

Т = To C1) 


i 


To get È, begin with an exergy balance at steady state. Ui, v sus m 


_ To we “я О z _ m 
MS ا‎ TJA; JJ + AlE,- ep) - E4 




















0v io sr oe — 
Eq =m (€, - €.) = м DHS eT (S,-S2) | (2) 
Te get "n, we use m = GV) [ал and Ye ideal gas equation fer v, . 
(бу Evaluating WA 
| [р dmi Te 
— P (AV), А (200 /w \(100 H^] min) 144 1и. - 67,5 {тїк 
RT, EE 4 1£ (007€) (H7 
28.41 lb. °R 
Using ideal gas velatious with Бы. (2) aud iùserhùg values 
: | © 
Ea =- V т (вст, - e Qu ZA 
=-67,5 1% \(530°k [- 1486 bu 2oc 
{ int) 284г is (22 
= 6353 Ow a (a) E4 





(b) The data to construct the required plot are obtained US! ba IT es 
follows. For the IT solute , 7, CQ jp.) ane the entropy values 
5,Ст,,р,у aud SCT) Pa) are ew ed dire оў ре tema CC roper 

property‏ وہ دں aluaked direHy‏ ا ا 


PROBLEM 1.53 (Cowt 4.) 


ІТ Code 


p1 = 200 // Ibf/in.? 
Т1 = 800 //°R 

р2 = 15 // Ibf/in.? 
AV1 = 100 // ft/min 





To = 530 //°R 
T2=71 | 

- HA ip = 2 
v1 = v_TP("Air",T1,p1) IT Results for p = 15 Ibf/in 


vı = 1.481 ft/lb 
S4 = 0.5167 Btu/Ib- ^R 
S2 = 0.6941 Btu/Ib-^R 


mdot = AV1 / v1 m = 67.5 Ib/min 


* 


Edot = - mdot * To * (s1 - s2) Eq = 6347 Btu/min 


s1 = s TP('Air", T1, p1) 
s2-s TP("Air", T2, p2) 


PLOT: 
7000 


6000 
5000 


4000 


(Btu/min) 


3000 


d 


E 
№ 
о 
© 
© 


1000 


0 
0 20 40 60 80 100 120 140 160 180 200 
| рг (Ibf/in.?) 


From the plot, we see that the rate of exergy destruction increases | 
with decreasing р, . This is expected based on greater eutropy producto 
and hence Miveasing 52. (See the T-s diagram .) 
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PROBLEM 354% 
KNOWN; Steady - Sta te operahag data ere provided for a Steam turbine. 
EIND: Deternune thr: power developed. Fer each 4 tina c lo ёсе}; for +i 
Con tu | Volume, ема wade pho rats of ex erg 4 destruct ai, Discos s. 
SCHEMATIC L GIVEN DATA: 
= a > 








i b MP. DLE - Wev 
Y | AT 
| | 
j | л 
Sat- 
— 2" AT са | | 
NM -8 Mw/ © Ty = 300K 
Con tvp| Volume lo) | Convo Volume Cb) 


ASSUMPTIONS. L THR Control Volumes Shown ih ^a 5Сіһа мла рс are at Steady 
Şlae. 2. In each case » heat trant tar occurt af p. 3. Ef fects of ме чом 
and ora vi T4 Can be ignored. 4. For ths environment, Т = зоок, Po = оок fa, 
ANALYSIS. la) Mass and enersy fate balances reduce at Steady State do 

ive 
, О = ©су -Wey ym ) ج“‎ ( zz) Wey = Q cv * m (^, ~ иә }. 
Tuned date den Tables A-3,4 


le کا‎ 225 кЗ — = 330, MW <— 
Wey = С Bmw) + (400 À| 3422.2 inii | — | 


The rate x аал, destyuchen can kn dened hy aslo cing Onn ём ег ч 
rate balance w чле ne ES 70. Selecting To Second, an en bey» rots 
balance [Atads 


O= Q LG -5)0 29 Te ©. и (г -5,) 
To To 
M w 


Then, 
033| م‎ 











-( E, + (чоо) [8.2287 ~ 6.68037 EF, 


АҮЗЕ 
3> Èj- Goo (0.55702 MW )= (o1, | MW 


0.55102, EY ми 


7 


al 
(lo) For the aniarged см оі wiuwe; fa Q ^ tyty تمہ‎ balante ara do 


9 = -2 + m 52-5, ( 
b 


oe К vo 
-(-8 mw) (400 ^L 8.1181 = 0.903 ) Бзр = 0.50003 м: 
зоо F 
0 > Ey: (aeo Y 0.500035 E) =: («44мм 


The exergy destrucho w control volume Cl) © greater be 
iS an adk hmat source of irre vertibili — namely, the irreversibility rele Jud 
to heat transter fenan tta outer Surface of the turhine tothe ambient. 
for cmi! volume (а), He hoat trans for effect co an ey dern (ener bili ty. 
| Using values obtained w the analysis, the net rate exergy is Supplied tothe turbine 
by the steam ,lEg- Еду 4444.9 MW. Since 
\Ea / (Ep Ege) | = LOZ ) 2034 (3475). there is considerable Scope in tis core 
tor Improving thermo dey na uait Performance. 
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PROBLEM 7557 


кюю М: Steady ч, operating data are provided for an ar turbrue. 

Proud. DE TTR MIAIL , Ре unt 1 mass f (owing | ho usor Ie de ое (оре — ر‎ f each 4 
dv chercer ор Con Њо! voluma sth exergy destryuctim. 01:54250. 

ент Matic = CIVEN DATA: 


а) | " Te = 620^ F. 
le i 


j E | "LL Soo R, 
Ove. Bie ч) r^^ 
"m І 
і 
Te < 40°F, р, 2 IS 16/5 | 












2 
рт 75 bfln" P EIS 10514 
T, 2 Soo R | T= 600°R 

Vi т 400 ftis У (= loo ft/s | 





locu co di 
ASSUMPTIONS: С) The control volumes in the accompanying ++ зага arc © steady 
State. (2) Heat tranrfer take: place at temperature Th. (5) There ts no effect 
of gravity. (4) For the environment, Toz FOR, P, = late. CS) Are Сї modeled 

as an deal gas. 


ANALYSIS: At Steady State an energy rate balance reduces to give 
` ۰ 2 o 
Oz Qey - Wey + A [ Cı - a) —R ) + $ ) | 
2. 2 
ov^ 
| , 2 
Weva Ov a (ni) eC) о) 
W^ W^ 2. 
With data from Table, A- 22E 


Bh. + feao) (o 162) 
i 


W. — в. ۰ - 143.47 —r — — — — — 
s 2 Tb fare ) Ste (2) 32.2 ш. 779 410 


tag. s> Ata W 
222 Bk y 4234 Вы. + 2.44 Bin = 44,33 BK ejm 
b lo To — “Te 
Co wtvol Volume (a) 
The exergy desrruchion can 02. eva lua ted by re ducing an exergy 
rate balance, Thus 
Ed T (s W 2 m? 
= =] t= کے‎ Це). Ss к.м.) - To (8,-8 V? -Vi 
" [ T x) x + [ (hı 2) o C5, rj a | 
Tr trod vw cing &«.CU) and уер! faring 
= > тъ | (s2-s,) = Фс, vs ] (2) 
Or, Cor an «decl gas ( AStump fron 5) 
29 s(n) со) -E Aa Pe) - Gls aJ 
е = To | Gren) $ у R s m [ 
With data feo Ta ble А-22 Е 
- _ 6496 \ /5 | Be — (-2 B+ lb) 
ы - soo*& | (0.62607 0.69558 wae |" Ic B | 
Lev/m 


TM و‎ 
> SooeR| 0.0082 40,0032 J Sy = 22.01 Btw, 


Conte l Volume Cb). Eqs. (2)- (3) лаклы applicable. Thus 


Ез > Soop. | о.о4082 _ (= 2 В+ 1) 
N 5 ob 9R | | 
= 272.41 Gh. Rev i) 
i 
Е еее pi a is greater fo- Conto! volume C6) рес» шд the enlarged 


Cowteol volume has an adde fione Source of irre versihili ty e Ha irreversibility 
OSsocmated wif heat tran rfa- Ly am tte trrbine's Surface © the Co rro ои сид. fto 
Control volume Ca ), M beet trans fav AMoct tg an уела пме иер олт. 
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PROBLEM 71. SC 
kNown: Ам insulated steam ule operach ns at steady state receives steam 
ata knoum state aud exhausts af a gwen pressure. 


EINR: Plot the exergy destruction rale pev wut of steam flowing versus 
(sentronic bw ane сощ Сом ing from 10 to (00%. 


SCHEMATIC $ GIVEN DATA: y 





&*4oo hAſc 
т: 600° 


l 





0:1 £ Y & 1.0 
P= 4оо b£ P= latm 
| Te? 60°F 
T, -(0009F ý = 520°R. Р, 21 A 
—A 


ASSUMPTIONS : (1) The control volume shown is at steady «оде. (2) For the 
turbhùe , àu*0o ond kieke and potentialenergy effects caw be neglected . 
(3) For Xe exergy referee euvironwmeut, T, = 5209€, р = (аһ. 


ANALYSIS: To determiùe the exergy destructon rate, we begin with moss amd 
entropy cate loolauces which reduce to gwe 


> ae n | 
От ZA]. Yn CS, -S5 Y M Tey => Fev fa = С5„—5,У 
With Ear Te my 
eA = Tol 95,-5,) C) 
Sce p, = 460 Ши 2, T, s 600°F, state V 15 ta Ve suger heated Vaper region and 
the stele is fixed. To {Хк State 2, we use the isentvepic turbine e iciency 


- hha, 
М, > h, - Was => ha = h,- n, Ch -hes) Cz) 

Where Wa, is determined using Bal Well ® and 5,4 5 S,. Then with ho 

lusum from eq. CO) ard р, ر‎ Эъ C^ he detevmired . 

Sawple calculation : [245ге My = 0.7] From Table A-4&. h,= (300.6 Btu/lb 

Oud 5,= 1.5842 ФК (Ь. 22. With S25 = S, =1-5892 

S25 тт Sa = i. 8842. —0.1227 =- 6.1843 

5492 1.8453 
od وړا‎ = Wg + Xas hgga? 65714 + (2803) (1036.0) = 887.45 Blu/ IL 


From (2) 
haz h,- M OO bas) = 1306.6 - Сл) (1306.6 - 887.45) = 1013.2 Glu/lb 


— — 
Ra alla, w (Ha T, ^l (be lin? > Ko = Da ^o 3 0.43101 ond 5,2 zu х, 53.71.8192 BES 


hn 
$4 
Tuus 
Falk 


n 


To( 54-5.) = (520°)(1.6132-1.5692) BEE. 


lle. S alb q Eal 
(n> 70%) 
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PROGLEM 1.56 (mtd. ) 


The data do construct the required plot ave obkeiued using IT, as follows: 


IT Code 


p1 = 400 // Ibf/in.? 
112600 // °F 
p2=1 //Ibf/in.? 

eff = 0.7 

То = 60 + 460 //°R 


hi = h_PT("Water/Steam", p1, T1) 

51 = $ PT('Water/Steam", p1, T1) 

525 = 51 | 

h2s = h Ps("Water/Steam", p2, 525) 

h2 = h1 - eff * (h1 - h2s) 

Ed = To * (52 - $1) 

h2 = h_Ps("Water/Steam”", p2, 52) 
Рот: 

120 


100 


80 


(Btu/lb) 


60 


E /m 
d 
A 
C 


20 


70 80 


Nt (96) 


0 


IT Results for n, = 70% 
hı = 1306 Btu/Ib 


һ2 = 1013 Btu/lb 

һ = 887.3 Btu/lb 

Sı = 1.589 Btu/Ib-^R 
S? = 1.813 Btu/Ib-^R 
525 = 1.589 Btu/Ib-^R 


E /m = 116.5 Btu/lb 


100 


From the plot we see that lower values of iseutroprc turbine efficiency 
correspond Чо increased exergy decheucktow. , as expected. 


PROBLEM FSF 


KNOWN, S tesdy-slade operating data are provided for an arr Compre ssor, 
FID: Deternuns th power he auired hy tho COVA pre sor and ماب‎ ^а 


^ BNL 41 destruction. ی کک‎ the anergy der/vvchioc e a percen Fage of tha 
power in po - 


SCHFMATIC GIVEN DATA: 
е ee AS, 





ASSUMPTION $/ 


1. Tre Control volume shown ги 


the schemate iS at Steady State, Qey=O. 
2. Effects of mo h'n and grav tQ can be — 
Ignored. 





O3. Ar c modeled а an ‘deel jas, 


ANAaALTSIS! Mass and ensysy ^ loalances Anduce to аме 


e E = Wey + Ww Ch, - hy Ve a 3022.) 1] 
без 


(ә. А d «e fr nn Tota А - 2.1. 


wW 
Wey z wi Chi-hy ) - 0.39 | 240-16- aure] р, ls 


[= 2933 19 09 Уо, 
i eals 


The rote of елее des Мос е CON ba o o twice d 54 ба ننا‎ ws an 
ёх ATHY rate balance or وہ ہیں‎ Ea = To е, , حئاس‎ JT ы v. 

west | 4e pua pada cfi m Fran an entropy balance. Chains fOr 
о оа чу Ip Us 


e 20 x 
0: 2-8) 4 vA (8-5) S 


J J 


\' 


ge mites )= ыл шз Reh [n] 








lin yy 
= (оъєз\| 2.04142 _ 1.66 802 BLY b^ SEES» 
= О. 6134 kW 
K 
Twn) ; 
| = 5 kW هھ‎ 
Ed = 620K) (0. 013۷ EN) - 5.05 ı۴ 4 


Fur puns aà امہ‎ О 


у n 34.33 KW 


[Obr dedi зу лы л ле. 











ж 
PROBLEM 7.58 


ENOvwOIS* Operating data are provided for am \usulated compressor at steady Sie. 


Ер: Delecmine(ay Ne exit te merane , (o) the power put, anA Ссу Whe PLE 
AcE tr кем (ode. expressed 25 a pee, eC He ge мри. 


SCHEMANC £ GIVEN DATA: 





A P И 
R-13daq / 1 
: Ci) / B> q bar 
То C | qc? О. $2. 
PLY bac / P To= 20% = 233 k -(0 tc 
мм 22.80 69/1, Р / 4 @ =1 bar 


A SSUMPTI LONS: CU) The com tvol volume shown 15 a есі shake. C2) бай the ды 
Volume, Qu, О aud kinek and poteutial energy effects can be neglected. 
Е For he exevgy reteveuce Environment, То = 243K, po =1 ar. 


А515: Сау To find the exit tenmperative, we begin with the ise иХтөр[с 
иб et iciency 


has >l has -hi 
ا‎ LAT b hehe tuom 


From Table A-2, |. = 243,40 kkg 5,2 0.4006 К/і. Interpolating iu Table A- 12% 
th P= {рас wd 5.525, = 0.4000 5 has 2283.65 114. Thus 
2e — 245. 
hae asyo s ع‎ паз ҷа و‎ 
ps 

Luter polat ing agom w Table A-2 wits v. = q bar, hz 293.484 led fkg 

Ta = S4 3 Є. Ta 

S= 0.4815 Ella. K 


(Ь) Applying enevyy ме. 71685 rate balances witty assuupttovs (12 amd C2.) 
Мл, = WM, È үл 


© = A - Wey + ما‎ [а-а + GAG Я «4c M 
Solving E Phe Tower went, C Wey), nd serh ra values 
-(Wy) = СА) 
| kW ave 
= (22063 )| th h = ( 292 Ча — 243,40 yes Е | | 3gig kw Way) 


(с) Тие. exergy destruchon cake. is cowew ext ly 2 کل‎ ۸ Ey = Тос. и, Whore 
Tey i$ obtnimed from and ATO balance | | 
О= zu t (S, - S.) — = Ea? To "^(s,- $, y 


k UA i kew 
È, = @asle (280 $3 0.4875 - -0.4000) E. E DO? Tu O63 kW 
— 








Tuus 





X. (EE Эйел = lel ha A 
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PROBLEM 7.59 


RowWN: S teasiy — State Opera h ng data are Provided for a Steam tar bine. 
E/M2D' (a) De nune ~ work de ие оре And ем еге ч desfruchm, each 
NPer unk mass of Ste a w Flowing, C6) Determine Кл Max muun 
Фіх осе he2 work thad could be developed ро any one-inlet, one ~enit 
control volume hanns Stea m — and €x: hng at the, 

speu fed $ fates, wha oJ cuin e hoot transfy mh, aT fto. 11:52255. 





SCHEMATIC en DATA. Gey 
Tg = % 
— 
Р, = 0.1 M fo. 
Sat: vopor 
— 
ACTUAL WY Po THTTICAL 

ASSUMPTIONS" (+ Tha contol volumes Shoum in the усіх ила тс are at Steady 


stak. 2. In the achad CAER ) Qey to. T A hy regt be hr oA Cast, heal 
хане ү occurs mh, ad Tp =b. 3. Tho effects of Wehow and Sra fy can 
ae ignored. 4 To = Soo (27°C), Be OMO 


At avv siii) Rao cue wasr and кабы Asks balances; we fet 


Ме = hi- h = (6213 - 275.5) =. = 533.1 ES fica <— 


Ra ducing WaS evo en оү pots lon lance 


Ic X = 
= - А = la TG а = o.s4o04 je) 
= $.-3,- (3544-6 — | rn 


Ту. (л : : "i 
Ea . т /€ | = Зоос (.5104-) ЕЈ - i212 62 — 
ай: ($) orc ( E " 


w^ 
Cb) Mass and exergy Aa ما‎ balancer reduce Gy ty hy — 
+o уу? | T Р 
О > poa R Jae — Wey e- m (ef1-eFf2) — E4 


=o E 
Th = ть 


=) W . (e41i- ef — Са => СЕ = ег - C42 
Ww- Сез! { ) = سے‎ - J £1 4 


That VS ر‎ Tas Илу mune power boss olo ta^ e d when Маме ars ho in аЛ crreveri bı liher. 


T 
(у= = (sh j= oie) = BUI- L - 2675-5 


a |м 
= SRS. + 193.11 2. FS. FI kes — 


— 


) „Зоо (0.7690 —A3f4Y) 


Сойлоп s fre [^n сх po^ مہ‎ wA f Со), (6) 


е = c) + (Ea) 

мл JMAY УА м 

Tht o, + te oe Lge cm between the fuo work Amounts vo TOC 
2м ey ул dec hr uce hmn Lan ire actuat turhins e^ pan f m. 
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PROBLEM 1.60 


KNOWN: Opevating data are orovided for an insulated turbine at steady state. 
[5 0009 f Ч 


FIND: Determine (А) the worle developed and the exergy destruction ‚each per 

unit mass of air flowing, and Cl) the may илим world that Could be developed 

by Any one-iulet  one-exit control volume at st ciate with air ewlering 

exiting at Wa specified states while allowing heat trauster only at ler perature 
о. 


DCHEMATIC Дд GIVEN DATA: 


_ W 
11 LE / W Qev M 
(2 p= Bb 
8* ay Р, > | bar 


n= 500K  T7,-:320k 





Nh Т2 300K , 7,71 bar 
ASSUMPTLONS : (1) The cowlvol volumes shown are at steady state. (2) Ти part@) .ر‎ 
Tn 


part Се), heat transfer occurs only at Te No. @) Potmhal energy effects сал. 
be neglected. (а) The alr is modelecl as алл ideal gas . (5) fov the environment, 
To= 300k, ў = lem. 


ANALYSIS: The mass and energy rate balances reduce with assumptions Сї) ~(3) to 
qye 


AO s | 2. © 2 
O = Ag We, + m [ch - 52) AI 440) + Mey = h,-he + i=) 


СЬ) 

With data rom Table А- 2.2 

Wey kT Пб5о^- а UN pkey а kJ (Walia) 

Bác a = = ——— ا‎ z14343 = 

RA (503.0% 329.23) A 5 al LIIS 43 =e 
The exergy destyuctvov rate is found Using Ea = Te Ge, aud om entrom balamæ . 

O = Fl; + ий(5,-5,у+ ду D Ea | va = To (Se-S,) (2) 
cy ideal qas relatums and data from Table A-22 

EX a Te [5*cro — 5°ст,у - R Mn Ре/Р, | 


= Book) GUZE - 2.21952) JEEP (331 242.25 ex /leg Ea lp 


(b) Tw Mais case, the exergy саде balance reduces at Steady state to gwe 


О = а = Wey (е, € – Ed 


The work is maximum wher there are no juternal ivveveysibilities: Ed =O. Thus 
— iw") : 
J" =e, = Chha) e CE pga 
г, 
2 (4, №) -To (saa) - ser» -Reu lp | NER 


= (503.02 -320,24)-(300) [( 2.2145 2-1-7 6640) - а ъ@)]+ — | 
= 231.18 єз (ka = 


(3) 








cla way 
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PROBLEM 7.6 | 
бло OWN: Steady - s tede operating data are provided for an air Compressor. 
FIND: Define M^ Ashe of exergy destruction ang the nate 4 ёме, ©) ©) 
trance fer REM alae ar heat) each per unt haass of air flowing, 
Express each ао o" percen i Gl) tha composte work in put. 
SCHEMAGHO а Уо PATA: 





Wev_ - 946 Ov. (4 KJ Using energy and entropy balantes , the solution of 
ba v Z Protem 6, 110 HIVES 





1-3, 2% = 0.004% E3 
* Е9 с 





q=24% | Te . 
fz ак | Р; = 2.1 bar 
i PM 
I n. 33K 
ASSUMPTIONS: i. The control Volume Shown tn the Schema ic rs ats beady 


State. 1. Neat trang Lar Occurs only at To 3. А o modeled оо ow 
(ent gas. 4. The effects of mohn and gravity Cow be ghored. S. Т2 29< 
(20°С), (ут latm. 

AWALTSIS: Tha eyergy destyucho Can he found 64 Ve ducing an 
&YX2vs4 balante. Aly AS tively) 


Єз _ Фу\. Gaze) (o. 0C A Є: = 20.45 X3 
ci. m ( Фу). баз ) (о =k) = — — 


Wita a sS Su woh m 2 


exer; trans a ac Cow p ^n n s 1 fe — 
— trans f- Per moe | E # JC 
Mass Flowing 


e { = 243 ((-14 Ex 
L 313 x A 
--б. §9 EJ 
uv 
Expurssed as percent ges — worl w^ pur: 


exersy ос мостом; — lve) = 21.6 д, 


e249 fran fiv : (282) (100) Р 0.4% 
44.6 
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PROBLEM 76 2* 


KNOWN: Steady - State operating data are provided for a water — | оске ted 
air Compre S$ Sof. : 


FIND: Рес form as exergy accountng of the power put 








ШТ Water, . 
Wi x 37 Nooka /w | T4 —20'C 1. Tha солымо volume Shown na tha 
- Ss, “ ss SC he wa h'e Operates at Steady ttate, 


G^ ne liq ble kinetic and 
ا‎ energy effects aud Qa, TO. 
&: € bar д. Ar ú modeled at an cdse1 945. 


Е © 
T> с Tz = 319°C =0 i< з. Waly (€ modelad ag incompressible 
P, =0.45Ьос| With C= 414 к/к. CTe Sl e 4-14). 
| 
4 4. Т: >а&43к(то°с), R= latm, 
н 4 о ر‎ 
(Av), = 400 p^ Te. 30%, ° 
Ра ^ P. 


AMALYSIS. The exergy entering T^ con vol Volume with 1^4 Power гир ож 
has the following disposi ол :U)the exergy of Mma ain Stream fs increased, (44) 
T opis of tre water Stream vo ‘necréared, ans (4) Exergy t derhoyed 6 

we € Yer £i 3r hes CO 1 tlun Hae Con tro { volume. These Guan Rhes are now evaluated: 


At Steady stk Wisma, мА зма 4. The energy rate balance nadocefr 
Wey = vay (hı =a) * зб hz- ha) 


With а i dad gas Ving Фа. ( Ae oa hoo of Stu te 


| (45ооо &, (400, 
m> бугу, = av) = Tes i т E = ) = (004.4 £9 
vi Cip) (£93 B=) (ask) n 


Then, with biha fan THN А- 22 ond Eq. 3.206 (PA Py) 
' k - kT {< ky 2 
wea: (1009.4 (25.17 - 56.52] E + (i007) (4.18 22, (00) 


( 3 W 
= [-304, 333+ (-5%, обо) ] = اسا‎ = -100.€3 kW 


The fate of xer ју destvuch ou Can be de fernuined апи AN ex er 54 


rate balance or Ege HT and an entropy rat balance. АЧ Steady state 


ths atopy her balance reduces № qve | 
o- TSK; eo (S-S) w3(533- 39) + Сеи 
Or wd t? duis fern Table A-L ana Е: 6.24 
у= m, (т) – SCT) -R РР) "^a © dun ТА 
= (1009.9 S) [2:40 ¬ 108 Sis - BEX ہا‎ [ ES, + (009) (4.8) 15322 


Жу kw kw 
= [40.5 + 1۹6.86 | үк. TUT "WT K 


Ey= Ty y = С2азк (0.05 MEY \ = 25,02 KW 
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PROBLEM 762. ( Contd.) 


For the air, the increase wi flow exergy fate from inlet to exit » 
E52 -Egys (е-е) = [Os h) То Cs - 5: | 
= w(Wm-W)- Te Ue) 
- com ew-(208%)[ (2595 kW = 1S Sq kW 
ы 3000 $600 K е 
бое Мо water, фил in CTE ALE Ww flow energy rafe fran 1м (е + te ext is 
Ep- Egy د‎ OCC 293) = ون‎ LOS 5) 7 G8 78) J 
+ veg(h4-u)- lo wz r$) 


E e KW- 43 «eX 3000 ) K 


Exergy Acceva tin д : 


Ф Exergy n pu: power in pat 100. 838 kW 
° Disposi hom: 
-. Increase w ©су ofthe 15,54 k W (144 о ) 
air s Медак 
— Tncreare in exergy of На y 
ا‎ — ды 0.21 kw (03 1) 
- Exersy Ҹа смос то 25,02 kW (243 A) 
00, kW 
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PROBLEM 763 


KNOWN: 


FIND Plot 


Steady state operating date are provided for a steam turbine. 


versus the (Sentroprc terbine effrerce — 
“nc га 
O ot 100 % J tha Har юле — tem perature, Y ios. — 


power developed, and d^ 


rate of energy Чес ос Һолл Witlun the о уи 


Seema EEE DET 


5-L.4ME, 
T= 350°C || 
Yh = 0.02568 

a 


ANALYSIS: A+ Stead 
give Weys w Ch, =h). 





ASSUMPTIONS: |. The contol 
volume shown in the schemate 
is at steady State. 2.For the 
Соу trol Vol vv e, Gcv =0 and 
cine hic and poten hal enersy 
effects are negligible. З. B= 
243 к (20%) , 0, = іаїм, 


у state , mass and energy rate balances ла duce +o 
Ta wodo cing the (een vo pre tur bine eff utr 


ns Meha (qué Wes Nt (hı-hzs) (2) 


ni- hes 


Note that EF: Ct) gives hz | whlch to g e Far witha Axes Ta. Mass and 


en bony rare walances peices +o give 


Єзї А 1 (52-5) (3) 


Sampie Caleulatio: Ү\ = 8 o o ‚ 


Free Table A-4, h,= 3149.5 кз ‚ 5/2 7.1406 (<I (Ea IC 


Cdowvle inter polah е). Then, win Eq. LI) and hos de ternundw sh Sas 2$, 


Къ; = S2s- $$ . ZIVO6- |. FOL 


ч 


54-84 7.3сач - t. 3026 


: 6.464 ر‎ Wags 417-6 4626) (2256)- 2594.3 19 
r 


hre h, = NE Chy- hes) = 3194.7 — g (34 2594-3) = 2105.3 5 =) Т = 114.4°С, 


5.27.4373 са[е; k. So, м/н Є4(2),6) 


v + (0.125 68)(0-8)( 3194.5- 23443) 


IT Code 

р1 = 14 // bar 

T1 = 350 // °С 

p2 = 1 // bar 

То = 293 // К 
mdot = 0.125 // kg/s 
eta=0.8 


h1=h _PT("Water/Steam’, p1, T1) 
si=s | PT("Water/Steam", p1, T1) 
h2s-h _Ps("Water/Steam’, p2, $1) 
h2 = h1 - eta * (h1 - h2s) 

52 = s Ph('Water/Steam", p2, h2) 


zl veg | = = SS.52KW , E, = (0, 29)(293)(3. 4393-3. 1406) = 10: VF KW 


Т2 = Т1 _Ph("Water/Steam , p2, h2) 
Wdotcv = mdot * (h1 - h2) 
Edotcv = mdot * To * (s2 - s1) 


IT Results for n, = 607% = 80% 
hı = 3149 kJ/kg 


s, = 7.135 kJ/kg:K 
hz, = 2592 kJ/kg 
h> = 2703 kJ/kg 
s; = 7.433 kd/kg:K 


Т, = 113.6 °C 

W = 55.73 kW 
CV 

E 15 10.9 kW 
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PROBLEM 1.63 (Cont'd.) 


PLOTS: 


T2 (°C) 


l. 


350 
300 
250 
200 
150 
100 

50 


0 
0 10 20 30 40 50 60 70 80 90 100 


Nt (%) 


0 10 20 30 40 50 60 70 80 90 100 
Nt (96) 


The flat. portion of the plot torres pond г fo 


S tates 
at p= О.\ MPa. 
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(KW) 


W 


0 10 20 30 40 50 60 70 80 90 100 
nt (76) 


Disausston: 


1. The case of И < 100% Conespowds to 
maxiuum power and zero exergy 
destructum: The core of Uz o 
corresponds to zwo power 
WOK WALA NG erty oben. - 


2. un Ma cue. of U =0 Wana is 


9 


мо wode, ard Ye hunie acts 
aS o. rot ling (voces, wit heh.. 


X2 S10. At there 


tha Temperature Corres fonds To 40 Satura ho Hump tera ture 


PROBLEM 7.64 
ENowN: Steady- state орего ул 9 Vata are Provided for a Steam tur bine. 
FIND: G)(o) TF the бел hwo prc e fficcency is 80% and exersy 4 valued at Ф селі 
реек Ww: , de ternune thw Value of TAL Power (о duc ed and the cost afte 
exergy У лн . Сс) Plotthe quanthes of (а), (Ь) versus isentropic ef Кеген cy 


ranging Loa. 80 to 100% 





SCHEMATIC 2 GIVEN DATA: TS 
dusk ЫА EL ЖЕ... Жылы дый. lta ia ioo lb {fin 
зхіс ' lo] h 
| T late. 
P = 100164 
inè i 
T = 500°F P 





ASSUMP TIONS) (1) The Contre! velume above rS at Steady State. (2) For the 
Cow trol Voloine Rey =o ах 4 Kine he / petea had eaersy effects Cán be ignored. C3 ) 
Por dhe Environment To > 53 о, p, = latm (4) Exergy (S Valued at Scents per kW: A. 


ANALYSIS * Re do ang MASS gad елеу rate ba lances and Using ihe Че истом 


of isen морге turbine ef fr чейи су ( Eq. 6.48) 


We = Chi - й у= Ne wh (hic hag й) 
Using E. E — &w d go Fy on, the VW SS Дж d en ор rate ba lances 
E 4 = To m (5, - $, ) (2) 


(6) = 8072. Non Tabie A-E , hy = 274.1 Bayle ) 512 7085 Bf«J lb- eR. State 
2s (5 Heed оч Р, = latm and Xg! 
— {.708у- 0.11 — e, 167 
L444 
Then 
hag = hg + Masbhq-hg)= 18018 +4 o .4€7(420.4) = 118.5 tf [b 


Subshhhng «ntc E3. 0) 
? gj o? = 
o - ic Le f- > pa 385,4 X 
Wa > (0.8 х= le uoti ues) jio 


‘The value is 
T KW hA 


$= (3 55. ахо? SP 18658 BH- 


0.08 34. y 103.4 Ё — — 
KWh 





(b) Continuing tha. discussion of, the Case И + = foo, f fix Stake 2 use E. CU to 


Aa = А, -Wt /„) э 124.1- (38S. +¥ 05/3y iof) = 1150.6 Sh lo. Then, 


at Przlatw, State Z à ctotely o saturated Vener few 59 2 1. 756? ВЈ PR. 


Sues whiny into €5- (2) 
Ел = (530°R) (3% Bix )( 1. +569 - 1 pes) S Sus - Feb Kio” B. 
w 


а: Grlo eW. А o = ۷ Ж ج‎ 
$c ' a) | 3413 Be ae ü 
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wri te 


PROBLEM 7.04 (Cond A.) 
The data reguwed Jor He plot are qeunroted usme IT, as follows: 


ІТ Code 


p1 = 100 // Ibffin.? 

T1 = 500 // °F 

p2 = 1* 14.696 // Ibf/in.? 
mdot = 300000 // Ib/h 
eta = 80 // 96 


To = 70 + 460 // ^R [T Results for тү = 80% 
hı = 1279 Btu/lb 
hi = h_PT("Water/Steam", p1, T1) s, = 1.708 Btu/lb-°R 
s1=s_PT("Water/Steam", p1, T1) ha, = 1118 Btu/lb 
h2s = h Ps("Water/Steam", p2, s2s) һә = 1150 Btu/lb 
$25 = s1 = 
| s2 = 1.756 ВіЧЛЬ 
h2 = h1 - (eta / 100) * (h1 - h2s) W = 3864 x 107 Btu/h 
52 = $ Ph('Water/Steam", p2, h2) CV 
$ = 905.7 $/h 
Wdot = mdot * (h1 - h2) power 
CostW = Wdot * (0.08 / 3413) Е =7.623x 108 Btu/h 
Edot = mdot * To * (s2 - s1) d 
CostE = Edot * (0.08 / 3413) Sese = 178.7 $h 
PLOT: 


1000 





750 
= —9- power 
A 500 —&- exergy destruction 
ex 
290 
0 
80 85 90 95 100 


Nt (76) 


At higher values ef ny, Here is less exergy destruction aud qvextec 
PONY output | as expected. 
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PROBLEM 7.65 


KNOWN: Opecatny data are pre vided {or a “мік jacketed Air Com pressor 
at Stead state. 

FIND: De Кое б rare of exergy dectrucn'on, £3 KW4 and express it as a Derceatage 
of the power ta pat. 








Coeling water in, 

cw = 60 lb [vin , ЧЕ Fem Seluhon to prebiem 6,11% 
Weya “28, Ilo KW 

г риво tbe /nt | Gey = 8000072 Ee aR 

Т, =30°Е 


AIR. 


P= U.S 
T= TPF 
(Av), =300 fen 


Cocling water out ر‎ 20°F 





ASSOMP TIONS: Ci) The Contre! Volume Sheen operates at Steady State, (2) Por the 
Con trol Volume Gey =O Bud tine he /Poteahal ёле rgy e jffech are negas ible. G) A, 
iS wWwedeled ag an deaf gas. (4) The Соол $ water vy medeled ај 
incompresi ele. wrth constant speci бс heat с and a ле liar bte Chenge rn 
pressure. (<) For the environment, Т = 70° E s Ё, = latm. 


ANALYSIS’ The Aate of e€xer$99 destruction is Con Vera e n+ calculated Ln 
{<< case as 


Ез = RO = (svn) (6.00785. مہ‎ Jet] e] = 0.0801 kW «—— 


shen ex presse d e$ ow porcentage Л T^ power in put 


ÉIN (0.0800 Е 
— * 2910 Ew 7) -0.295 f, 
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PROBLEM 7-66 


Ice ou SL. Steady-state operating date are provided for water -jacteeted 
Comprsssors — Problems 762,7. 65. 


Find Deternune fay each Case, Hu hourly corte 4 the power input 
and the Art. of d фе КУК т. 
SCHEMATICA CIVZ N DA TA: 


See soloht cas to Problems 7-62, F7.6S 


ASSUMP TIONS: 1. Refer To ass uve ph Ms lısled w the Solu jh лї for 
Problems Abs, ALS. 2. Sxevgy м valued at & cents per ku, 
AWALTSIS: 


(0) From tne Solo іт od» Problew F-62 


=> 4 = ( (ооу ) (2:08 3-- ). | 8.07 /h <— power 
E ~ Qsovewl 0.08 B ) ‚ 72,00 /h и 


(o) Fron X $e lot eA. To Problem T6 6S 


-Wa = 2816 «Ww 
Eq > 0,0801 KW 


— 25 h «— power- 
= А = ( 28.10 (0.08% ) ~ #22 / 
eyersy 
2 = (0.0901 ны) (0.08 Ё). #001 jh TU desmochitm 
pwu ^ 
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PROBLEM + СТ 


KNOWN: Steady-state operating data are provided for a throttling valve 
and turbine w senes. 

FIND: Plot the fates of exergy desiuchion for the valve and the turbine, 
eath versus the cualih of dhe Steam at th turbine exit. 


TCHEMATIC GIVEN DATA: 


ace tbt/in® 


l 
f 2200 lbf iut 
Ti = 600°F / 





ЫТЫ h 
» Ks. 

Р. = tse AN "7 
To? GOPF, Р, = latm 





ASSUMPTIONS: (I) The turbine is insoladed and at Steady state. Qev=0. 2. Tha 


expansion across the Valve fsa throttling Process. ts) For the tuvirohment, 
Тоз 60 ЪЁ, Poz late. 


ANALYSIS: For a ld-ínled , baxit control volume at steady state for whith 
phere vs ^o heat Маме јел з an entve py aate loatance Yeducer fe grive 


0 е. a " 
О = 2. $ 49$, 5)4 Ty = Taye OS $4) 
т 
Then, with EJ: Тобу J we ает 


Valve : Ed = Tol 54-5) с) Turbines Ea = % (53 - s,) (2) 
м им 
Sample calculahm: Xa 20-48. From Table А- ЦЕ , h= 1322.1 Bw [b , $, = CFF Bt] lb “OR, 
Ue assuephm 2, Wh. Ти tevpelahing uw Tea A-¥E at 150166113 with 
he = (322.1 Bib, Sa = 17078 By l6- 2А. with data frau Table A-36, 5; > Sf Ys Sf 
Or S&470.13377* 0.98 (1. 8453) = 1.941) Biri lo: ©К. Taser Hn; values v tv. Gas.Ci), (20 


(Ea [ws valve = 52008 (1 F078 етет) в. = (6.17 = «&—— vaive 


(E4 Drurb.ne = 5209 (1:441 - I 7078) вн, ты. за а 





ІТ Code 
p1 = 200 // Ibf/in.? 
T1 = 600 //?F 


` p2 = 150 // Ibf/in.? 
p3 = 1 // Ibf/in.? 
To = 60 + 460 //"R 


KON IT Results for x3 = 0.98 
h1-h PT('Water/Steam', p1, T1) h1= 1322 Btu/lb 

s1=s PT("Water/Steam", p1, T1) s1 = 1.676 Btu/Ib-^R 

h2 = h_Ps("Water/Steam", p2, S2) 52 = 1.707 Btu/Ib-^R 

h2 = h1 $3 = 1.941 Btu/lb-°R 

53 = ssat Px("Water/Steam", p3, x3) (E Ii = 121.4 Btu/lb 
Edvalve= To * (52 - 51) а Лам 

Edturb= То * (53 - 52) E,/m) = 16.04 Btu 
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PROBLEM 3.061 (Contd. ) 


FLOT: 


(Btu/lb) 


—@— turbine 
—k-— valve 


E /m 
d 





* Note that He exergy destruction in (he valve is mde pende of x, . 
. The exeryy destruction iv We turbine Increases ad X, (wcreases , covvespondiive 
to a decrease ^ isemtropic. Hurke efticieucy у as expected. 
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PROBLEM 768 


Known: A device for developing Power Ae We “as te heat Т: descr, bed 
ia Problem 6.102 
Finos THE tre dence Че vetops a net power out p ud of 6r UJ, d e фалам 


(e) фэ AD. exer enttrs AC Cove s eO heat tans ty, Co) ths nat rete 
еу ас o Carried Ах bä the steam ر‎ 68) “he Acts | exerg Сг Мис vo^ within 
he eyte. | d 
ScH:mmaTc $ GIVEN DATA ASSUMATIONS. 1. Ths contre | Молла 
Qey = &21cW Shown in the Accompanaing Fisure cf 
TREE. d — | at Steady State. 2. Kinele ond 

- Potente tners] єресі an he 
> i9Wored. 3. Neat tvanst^v occurs 
Tenor f, * ihar only at Th. 4 T5: 293, AS Ib 
P= 3 bar — Е ‚о ° J oT ar, 
yn 72 $8 g/min 







AMALTSIS.. Ce) Therate exergy enters — E OY ki haat trans Er “5 оріс ие d 
wih. €4. #33: | 


Eq = Lt- 15.39, ¬ 243 J C4212) = 2.C7T«W س‎ 


(o) To find Egi- Efe) requires State = to les fired. Begin with a mass and 

enera rale balance B ОА Нап with hic 3486 E319 fee Table A-Y 

(a - 6) кой ggg ie 
(1-$3/во )<9/s les. 

Then, from Table A-Y; with р, = ibar and 223418 62/19, 53 = 8.3348 кә/ыѕ. К. Also, 

Te ote А- Ч qv S= 9.3251 E2[k4-IC.— Corda EJ. 73L 


(Bg, ёда) = we Gh) =“ GR]? (LSe $3) (480-3418) -2.43(g.22S1— 8-7313) 


' ` @e -Wev = = ў 
o- Gu Миа и] 3 hash US = 54866 + 


se 4.94 KW مس‎ 


(D с The note of аж Әү 4 derra chan бала Ба obtained fro Eq. 7.32-b 


© " Бат ёл -Wev + CEg - E) = (2.67 + +44) EW = LC6 сш -—— 


{. А \ irra hve, Eg: To T ; ws here 


© = (= Фм) (52-5, }) = — Fre + ASS £5)/2.3 8.3251) ЕЛ | exul 
T + m (S2-5,) mene L—— X 378 s — 


ҸӘ g a -о.обв1ь+ 0.01042. = о.00566 kw|k 
>> Е) = BO = 43k )(0.o0 seb kV] К) = 166 к V 


2. Exe TA accoun АЧ ng 


А Exergy Supplied to xt. de иссл. 


- Vin near tran: te d6 Z لاع‎ j 6w 
~ Vio S teo mw Liew 4.44% Eu 


. Diseestpow of QA Oo f fuppl "ed 
= power deve ê 6-00 ceu ста 3 А) 
- و‎ SHEER Rn l-66 pu (2146 ) 


k Tre Seo. provides Nearly 2/3 з= eve сүд supplied Jo Их. device, 
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PROBLEM 77.64 
KIOWA: Steady-State operating data. are provided for a duct sy SHm 
in Problem 4.68. 


бу: Deterrune the rate of ete 4 destruchion. 
сенем тіс & GIVEN DATA: 


— See figure m Solution of PAoblew^ 6.113 
— From &olu bi мл: Gy, 20.084 St 
ken: OR, 
ASSUMPTIONS: 1. Assemptions Keown Problems 4.68, 6.107 annig. 2-let ^= 
SUv?K, p = lar. 


Ао Ac SIS. Using Ey = Te Tev, use get 


> o : Bh- . 42 
Еу = S00 R (o 084 E)" Bis 


PROBLEM 7.70 


KNOWN * Steady -state operating data ore provided for a vorltx tube. 
Fred: Evaluate the fate of exersy Че P umt mass ef arr 


enjderrcna _ 


SCHEMATIC GIVEN DATA: Saa. Figure E 6۰% 


ASSUMPTIONS: | The astumphions sf ECxranple Старр. 1. Be S30°K 
Po > [д мм. 

ANALYSIS: Using Ed > Т, Ces wa Tu mj = 0.1086 Bh / lb.“ rows Ha 
зоо мт to Exam G7, we get 


Bh- 
lb ꝰ 


b 


| 


} wr 


i: 


Tha "venator claims 4ha device operates wrtheut Work or head 
trans far. However, +he Аже со kr destousd within 4ha vortex tahe 
can be faced to a device, or devices, Located vos trean 
of the vore tube that woud vequre Gun. Comtinat wm 
4 Work , heat Клис, and fuae Laud . 
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PROBLEM 71 


KNOWN T A and ar flow ow opposite sides of a couuterflow heat exchanger 
Opevating at Steady state. Opevating data Gre given. 
FIND: Determine (ay he change пл Flow “хед V cate of each stream, and Cle) 
yhe vrake of exer y dectructton. 
t Ic GIV DATA’ 
Ammonia? 


P= Ubar LG). saturated liguid 





T, 2 60°С. X ari oor 
v^ =0,$ kg /5 ч Aw: Зоок, lbar 
335K, | ال کر‎ Othe 
ASSUMPTIONS! C) The control vdlume Shown is at 5} Stade. (2) For fro Gmel 


volume, Wry = Qu ZO, ard lenetic aud potekal effects are negligible (3) the air 
T: modeled as qu ideal gas . (4) For the environment, T, 308K, RS | Балу". 


ДМ А44615: First we use mass andl energy rate balances Чо determine wig. That is 
M 2 WA, а ҮА and AS M4 3 Ma. Thus, wih assump | ad 2 


\ © хо 2 < 
0 = e, -ЖЇ, + moh - a) +g Cha - a) (C^) 
осу Solving fr Ma дл. илем evel daka from Tables A-Y AAS and А-2. 
h,- ا‎ . _ USULI- 3 SQA ET /by 
MAL me rcm —— 5 اک‎ = (lb. 
? | Ум W3 635.38- 300.11) eri, | als) А! kg/s 
(ay The Mange (A Plow exe y care for Ye Ammonia ds 
Е, ~ е, = "AC, - e,) = Mm ак,л = To (6-5, | 
(5*4) (ззяла) Boo кусап - S69 VEE are] | 
2 ~38,73 N (A Eg ander 
Por He aw Seam, USING date, trom Table А -22 | : 
E,- Eç, = ^ K hg- ls) (54-53) | = Ma [( h Cra) - Сту) ~ To ( 5°ст\- 5°@;) -R OPR ] 
® (1641 )[ (235.38 - 300.14) - (300)( 1.8129 ~ (10203) = 32,62. 
(b) А+ steady state, the exergy rate balance reduces јо 
‚ „© 1 o | : . 
О = Zl- Sle рв} + mC Ep- @,) + Ma Cep,- ©„у- Ед 
Tos EE и 
&£j*-[€&,-& J - [êa -Ë,, | = - [3873 J-[ 9202] = 6.11 л. Sa 


l. The decrease ил energy of We ammonio exactly equals the iwerecse 
DX energy of We Oe Stream 3 for energy is conserved “See Eg. Ci). , 
beause exergy is destroyed , the decrease iu exergy of the ammonia 
aitters Мум самі from the increase of exergy of Ya aw steam. 


| ew 











E (A E+) AVY _ 
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PROBLEM 7.72. 


KNOWN: Operah ng data are Provided for a сепсек ег at Steady State. 


FIND? for the cooling water Steam de termins kre net rate. у ил MW, +h 


(к) energy exits the plant) (b) exergy exids the plant. Dseuss 
SCHEMATIC F GIVEN DATA: 
COE ee Бек AT 


t 


ш p | اا‎ Г t 0.008M 2 
liquid 2 { Sa tore ed Wwe per херек СА 100 ay 
0.008 MR t 


yA = 2.6 хло? ksh 


Cool: ng water 
et ISC 





4- Cooling wafer 
at РХ, 


ASSO mM PTI ONS (1) Tha Cos tvci yolume Seo: at & Бел state. (2) For Е 
Cou trol volowe, Qey = Wey тб aud kinehc/ poten hai energy effect are nes fisi ble. 
(2). For the соо( rd шоа terthere 15 a negligible Change ir pressure fror im ie € G 
exit: (4) Fe the екиши, lo = 20°C, Pa = 0:1 MR, 
ANALY SES : The mass Flow ^. te of the Cooling water 1S needed дт a Prete илла ; 
Thus; Cedo cw, лд с and елату rate balances with АЧСА ted assom phong 

200 vw hy = h2) 

N ر‎ > — — — 

ng- h? 

Using ha helr) for the Cooling Water and Steam Ча bic. data 


y= хо” kf )(2403167/68) 2 „д yof ка/А 
(146.1—- 63) EI /9 


(a) The vet rate enemy is carried From fue power plant by fhe e) Peter 


5 gruen еч 
: | P 6 к PE $5 
Ves Cha ha ] =(7 4e х/0° (Leo 7-63) EX = 6.24/0 KI 
^ kg И 
= (c. £ ¥ 10 k3 ) — X а \ = 173,3 MW ge 
А “kh — 3EboS io? k3/s j : 
(h) The net rate eversy US 


Carried Aero n. the power plant by the 
Cooling water os CJ ie е4 


Egy Ea = e Lha- T a -55) د‎ 6, 24- X fo — |6 nete Yasin) (o s - -0.02 48) У | 


(o) 
= = Е МУ. MW = d. TIR ie 

= 6:1 X 10 2 Mose X —— 

where {= tt Cooling wa jer SHS (т). 


On an energy basis the quan hty 4 energy Cxi fins with the 
Cooling water с уюл} cant. Ru when Иге iw e «і rh fering о $ 
ex ergg the potenthat fer uje of the efHveut is seen Ù 
be liuvacted* abet So of the power deve Co pe d. M any studies have 
Shawn thet there are feu- prachu? uses for сергоа 5 Gmornts of 
Sach low- temperature Condenser coc ling water, 
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PROBLEM 7.43 


ENON : Opevating data are prov ther for a counterflow heat exchanger at stead L 
State. One stream is R-134a and the other is air. 


FIND: (a) For the g-134« , determime the rate of heat transfer and Cb) For each 
of the two Streams, evaluate the change in Ною exeray vale and compare 
SCHEMATIC $ GIVEN) DATA. 





ASSUMPTIONS : (1) The contro! volume shown is at Steady State , wrk Qey =O ‚МО, 
ond negligible effects of motion and каму. (2) For a control volume enclesing 
ons the vefrigeraut stream , the fore getto applies, except Qey ЁО. (3) For 
е. shea, pressure change 15 Negligible . (4) e «w^ is Modeled as au ideal 
445. (5) For the environment , T, = 22°С = 295K, р = 041 ME . 

(ay For a contrat volume enclosing only the refrigeraut stream, the mass 
aNd enevay cate balances pee do 


guve. 
: go. А 
O =A Wr v Choh,) а= ml hg-ha) 
From Table A- ox 2 bar. х. 20.2. «l^ - %۸ + Х lA = 3,.8 " кт 
Y j z у t M ‚& „4 277.732 
Rom Table А-ту hg >2Seu0 кз Tus > > s 7" ЕС 708 ка 


(12 


Q = (Bo 3 )(2воло - 71.136, = 5171 a ше 
(b) The Change in flow exergy rate for He refvigeraut stream is, with data 
from Tables KI and А12. 


(ДЕ, Dra WA CEEA (s4-S,)|=(3°) [(2s0.1 -12.:232)- (295) (9582 -.30354)| 
© Е 


- 622.7 Ilh a — YO det 


To determine the change tu How еқемуҷ rate for Yue air, we firs} evaluate me 
Witu mass MP ony rake balances for Hin ӨчөгадА comsrol volume. 
OKu why + milly Wu) 4m Lhg- hal (1) 
tS 
Haas ecd oo E js зве ни, 
Where he specc Ac ermal pies Sor aw ave From Table A-22.. 
Now, the Change in exergy rade of yhe aw is 


Akpan * Mal ur E) = ма Leha ls) - TG | 


ла hk.) Ts (sect - есту - — 23 


+ 


PROBLEM 4.43 (contd. ) 
WIM sect) data from Table A-22 


(ДЕ, aiy = (343.8) [ (280.1% -285.173 - (298 (1.63219 - 1.68515) ] 
= 139.7 k/h 





| (^E, Jair 
Diswssion. The c €. 4 ANS ч of Нм. aw Stream exact e Pre 
hame IM #ллеле у, et 


refrigerant SHWeam iu magnit ee Amer 
(S MsNed — See а.с). | 


Hour, because of exergy destructor , He 
decrease iu exergy rode. of the ebria evant € Kean. Acts sign fi cantly 
trom We mcrease tu Huw exergy rate eC he awr. 


|. Energy Wamsfer by heat occurs from Wa air to {лє colder refe sevo. 


uw, the exergy trampfer atiowupamying Wis haat trumsfer occurs 
tu Yaw Onposite divectim, from Mee ve iae rant to We aur, because ct 
takes place at tevaperalwes below To .(See Sec. 7.3.2 fer rer 
OS UAsston.) Ever Mough ifs ewergy Aecreases, Yke flow exergy of the 


Gir creases, aud conversely M refrigerant, 
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PROBLEM 774 


FIND: Deternune the rate of exersy destruct’onfor 
(a) thar Computer of Example +. 9 | whan air exert at 32°C. 
Co) ths. computer ef Pavblem 4.10, ignoring te раг гаре Change qth aur, 
(c) 4^» water- jacketed electronsts housing of Pry bleu: 4.71, 
when water wits at 24°C. 


AWALYSIS: Tn each case, use Ey>To Oey where 75 = 243 с and Tey w vlotened 
from +h coun h ont Chep 6 pre biem: 


Ce) From Pag blen с.о, Try = 0:328 W. 
ES 6.328 М. pem | - 0-096 KW سس‎ 
E = Gai (e me (| aw 
(n) Rom Prreblen6.'06, Gey = A ISKIS ew 
а= (аз y C is x io) e = 0. 22. КМ — 


ce ) Froma Cw bi? m 6. io; Tey? BEKI? ES 


| ارد‎ Ve 2.441 e W x 
Ea = Qa) 65 xi? ew ) 





PROBLEM 7.29 


KNOWN’ Steady-state operating dade are Provided for an electronics ~ laden 
inder. 


FIND. Deternune the Aate q exersy deshucth'm. 


AmPALYs(S! Using To = 293 K An ч Tey | fv ovo. Tu Ф (олу e to Pao ble ur 6.108 


Ёле Te Gey =@аз >) oes Y) | EX 


- 0.19 ۴ — 
у |= 0:14 W 
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PROBLEM 716 


KNown: [Че {гом 9^4 expands throu an insulakd моз э le at Steady State, 
Буюр: — Deternune the tert үе (осе, the геи оріс моу Зе etfraventy, 
and 4^4 exergy derfrucho per Unt mass 4 gas Plowing . 


&CHE&MATIC F GIVEN DATA; 


| inca la lon i 

Qasr T | 
He kum | n | 
WM оок | к | ъ= ook 2 
P= Abar. | SS A= b4Sbar as 
LIE lov ls 4 х 


4. 5T 


ASSUMPTIONS: (1) The мере is insulated and at Steady state. (2) Potesdvel 
energy efecte can be ‘моге д. (3) Ау бом rs modeled at au ideal gas. (4) for 
the environment THe 20°С, Pos tatu, 


ANALYSIS) Mass and — ны reduce at Steady 5 with aifvuseh'on 





a о sive 
` t 
sca RT. М (и-и, 4 (мм, a — 
Thus 
У = J Vy S (ny а) 
Frow Table А-21, for Helivw Cp ® SAR. Thus, h nha = Cp (T= Tr) and Va. 
- a 
у lom\*. 2 (4.9 $314. Mw Vio k= оок — 220 
Zal M) | Hs ex оок - 400K | 2038 y. 


To determine the (sen dvo pic wes le etfrarency requires the tem pera tare 
at state 2s, With Ёд. 6.45 and к= 1.647 


0677, 667 
Tasa Т | A Зоо ==] = 966.2 К 
i 


Then, wida &q. C) 


Va: EGO.) = аер Ch- Tis ) 


Qot 2 [ SKID Ciroo- 866.2) = 2122.1: 


Tre \$ ew Мерке a te елеч ie v 
Мыне > ae > (г) = = 0.922 (42.2%) а 28 


2127 


The аж есе] des vc han o 4 Vea b (ape To CTev/ ie) , where 


©су [һд i ^a e, №ү 5 [eee c ov оь tmine d fros An еи Way balance, 
Accordingly, 69 dac no hoat transfer, we get usin, E9.@ 2? 


Ed 2-5) Cep e TE e Ж АЛ = TR | 2s De . dn | 





F 
" 8.3! E «d 2.5 2, ° р ЧУ 
@язк\( ST EU — 
= $8.1 KJ «j-—— —— 
PT 
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= 
PROBLEM 4.47 


(Моил) : Nıtcoqen ewers a well- iusu lated nozzle operating aX Steady shite at a 
given state auc expamds {о a specified pressure. The isentropic nozzle 
eHiciency iS ILpown. | 

END: Detevmine the exergy destruction vate per kg of oxygen Flowing. 


SCHEMATIC ¢ GIVEN DATA: + 17S (Dut 
Tuet: R= ТУЫЛУ au 


NOs, / 2 à " o 
SQUALL КЕЕ | т, = (100*R = 1200 R 
Nz — جح‎ J 


{ 
d i \ 20 lb v xe 


: JN Е Exit: р, = 20 ibe An™ 
up pg 7 dd a oe Nyy 20.90 
ASSUMPTIONS : (D The control volume shown is at steady 
Stade (2) For the Grwirol Volume, Осу Weu FO aud poleutio 5 
Cea, effects are negligible. 3) The oxuqe~ behaves as 

ал idend 46$.\А) For lo euvivonment, Т = 10°F =S30°R , Р, 514.1 Ibe / 


ANMYSIS: To determine Ике exergy dectructon vate , We Use mass ond ewtropy 
cate balances ond EA * С, +0 qe 


0= zT. +M)5,-sےا‎ ty => E lk ك5‎ (12 
То ti stele 2, consider mass aud energy balances which reduce as follows: 
о = уд + vin (yaa) + (VEE) аср] 
"o hy n Е (22 
— VA we use N 3 б #Ә/ бУл)» ‚ For Фе isewtropic process frown- 
2.5 





Oz S°Ctas) “Sect, — R Qu Pf. 


d S°Ctes) = S стуу + R Auf fp, = 51.413 41,986 [и (35 ) - 49 168 Blu (1°. 
where ha S? values аге from Table 4-236. Literpolating ta We tubie with Se CTD 
46" Т, = 8304^R, Was = 5741.2. Btu /lbmol 


Now — 
2. (М.-м, 5) 2 2 (8410.0 — 5791.7.) Ві. |178 Mb pun x D 
[©з Ver [ESSI PEE RESET - (ot 


* 1538,5 445% 
Thus \ = т, Nas = 45Q.4 4e, amc from (2) | 


t. (USAT LY cs (Bw || 2.9.0. tb 
вечары 


T — = Blu 
ha 9410.0 rl A 32. 1718 (HI | nd ш T2324 \bwo | 








From Table ABF , S°Ct2) = 50,550 Btu (lbmol R. Fialy from (1 
El va Ne $ ©° сту SCT) —2 QnrP2/p, § mi | 
= (530°R)§ (50.350 – SLUB) - 1480 (и (rs) етт [ес 


2 24,550 Btu ДЬ a Ea/y, 
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Ро ЕМ 778 


К л OWA): Steady-state operating data are provided for an open feed water heater 
ELND: Deterwune +h: Гао of the in Co hung mass Flow rates, "|м, and 4ra 

exersy destruct on per umt mass ex hng. 

SCHEMATIC f GIVEN DATA: ASSUMP TIONS : 


1. T^» Contvol Volume shown inthe 


Schomathc is at Steady State, 
i 2 T 3bor 2. For ths cmbol volume, Qcy =O, 
2. Wey =0. Kinetic and potent 
LIQ. Vapor | А 
40%, 200%, enersy effect Can & 5 моге. 
thar 3 Fbar t 3. To= 25°C) 4= [atm 


sat. 4 
F bar s 


Awatrsc: (0) Д mass rate balance seads ‚з= Mema. Ау еке j 9 rate 
b^lavce reduces wiha азин f owe 2 № jive 
О = mi his М, И-им h; =) Os mh) + Me и – Сил mai “; 
D ر واوا ي اش‎ 48-6 доў 
mo hg- И GFF UL — 167.52 
иле data А-1,3,Ч. А+ Stet ly hi whee ). 


to) The مەی‎ derechos can be found uiis (Ёш) ать @ ум), 
Cubs См [иу ә ohtrunedc Ке млл an tu Тор 5 юл lan са; 


'. ^0 . 
О = — A mi S, + mg S — ИА 93 + ©су 
\) 
> Sev = 33 = Malt 5, -3 53 
m3 м2 үм З 


From pnt» mz 4.07 me, M у> ил | tm Eoma. Thus, ERI PE 0.133 , Wy [m2 0. 002 | 
Go th data ек Tet doe А - 2, 3, У, Аі 5} tL, S, ~ SE CT.) 


Sz . [1.2422 — (0. 802)( о. $325) -(o.«gYc.ss6£6) }кз = 0-16 36 ЕУ. 
b^ Ics k 


3 кд 
> Eda - To(Fev/m3)=(2-9 8c \( 0. 1696 кз/;. к) = 50.5047), X m 
gg ل‎ u u Â 
PROBLEM 7 79 


KNOWN: SteadyState operating da ta are provided in Problen 6.121 fer an open 
beedwater heater. | 


FIND! Deternuw the сесі о Ё the ex ergy destroyed. 

QCHEMATICA GIVEN DATA: See Soludvon to Problem 6-121 | 
ASSUMDPTionss 1. Tne exiting ила? с low rate c 19/5 .2. Вооо hours of 
0 per a h'n annually. 3. Exersy ù valved 8 cents pe cWw-h. 4. 52 293 < 
(?o?c) , Р, = | a ha. 

ANALYSIS: Бока нло Зо luton Problem 6.12104) y Écv/m 3) * 0.218 «7169 - К. 
Then, Uo v Y^ Éa* To Cc» J T^ cest rate i's 


7 
Ж = [asnu кел enemies] (IC EE lL Ean) = 40 7ga 
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PRoBLEM #90 


Know: A proposal i$ made for providing Sana at ZMPa, 400°C from o. 
Source at 3MPa, 700 ӘС. 

FIND: (e) Deto pune t^ total fate of exergy destruction that would reru 14 
from the implemen teh on of the Propose. (6) Deternuine the ann u ek 

Cost of Fhe exergy deshuchon found in part (a), Diswss. 


$ 


SCHEMATIC 7, биг DATA: 3M Fa 2M Py 
T ————-—-u- 
i | 2 
һтзма © که‎ IEEE i 
T= Foote | l | Weed exchanger 2, BMA, 
A MEME ЖӨ nou 3 4000 
„= 
an bT 





S 
ASSUMP TIONS. Tha Con teo volumes Shawn ina tho S Cla vs nc art e.t S teady State. 


4. Tre expansion across the valve it a theettlins Process. 3, For the control 
volume encwocing the heat exchmyer, heat Mans fr takes place at Tp z 75 only, 

4. The effects of motion and ranty Can ое ignored. s. Exergy is evaluated 

at cenis par kWh , and {hare ons 80001 of opmahm annually. 6. F=293K, олм, 


Avayrsis: There are two гилос алі Sources of exergy des tuch'ont Exergy 4 

destroyed wi the ex pansion across the valve. Exergy 4 also der rou ec o^ 

{ha Spontaneous heat trans fy that takes place hehween la heat exchmyer 

Gnd e Ambient at a Hower te u pera Pare. The se exergy destvuch'ons 

can We evaluated individually by study of each Contre! Volume Shown 

in tre schowma rc. The total емее destruch™ dJ ta vv of the indrv'dos9 солу, Юр hme. 
“The totter exersy deswocteo also Co ра found Pa 

Considering a Aingle ‘сол Бої volume tuclosing loth Componen 7%. Since 

there iS no heat trans fe Atso a ted with Tto Valve ڪڍ‎ and hoat least] 

foc the Portions $ the con hol volume enclosing T^ beat Слас hong er 


occurs at h= Ff j an exergy rate balance fo the оло ад combo! Volvwa 
Tete; yha form 


o. о е ۾‎ i 
O= LA Је Ve ^ Lepi- esa) -Ea 09 Eas Lepi- ез] 


ov 
Ёд = m (hi -43) - Tol $4- 53 )] 


With data fenn ath A-Y 


з= Crs a 3 IF Ф = KJ 
Ea б кэ ( 341.4- 3242.6) ЕЗ — (293K) 7 7 712717 ЕЛ, ] a 


(6) The cost rate © 


w= (439.91 к\/)( си" 2-08) . # 306, 6/4 


Dis cwssion: Tha result of port (a) shows Fhad Considerable exer ts dostvo4ed 

мд The pao posed WMethed fr- achir wng th, Any усло ture, Геле - р tra fern. 
Stam cond hn hir aweunt 4 eer dee Уос Кол v net ەر در‎ | Кэш”. 

For e avena, € power-Arcovery þarbina соодо ^а. 40 laca T^ valve. and 

achieve a Lower frecfure and Mp лге. fine РРО e genera ting pfo ancl 
rather then Сооіги 4 ty ther am brew, proce ss heat Could مط‎ E з 
fur Sune pur үнө C white hs ren Stearn Feen wv cooled. Ths -— MAA ne 
w pact Cb) provides an indica ор of Cos 1 Savings tt Wang К Aso fro 
reduced exergy Че әсе тм. Of courte there woutd be < tradeoff with a 
Costs +o a quire & wd opere te. +2 turbine, process heat exchanger) ete. Thot 
would ba speerGred for: ^ wang exergy—thyift y apmosches, Tn the end, the 
decssim would be governed by Comore connderatiod, 
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PROBLEM 7.8] 


KNOWN ’ S team ex pandy 


through A lornbine and thea 
Counter flow heat 


passes through Oo 
GA ch. the Other 


CXORSCACC (^ 
Steady State opershng data are provided. 


Sheam ($ arn, 


FINO: Delevmiae bhe exergy destroction rates for the turbine and hea f exchanger, 
m ВБА, Evalue hy 4 exersd— at 84/ kWh , determing 
cost ef each. 


the hour ly 


SCHIMATIC % Сус DATA: 


See the &ciothos to Pelle m 6.122. 


ASSUMPTIONS: CI) Sar the Seluhm te Pecblern С. #22, (2) For the ёли испие 
To = 5002, R7 late. (3) | E xer 4 is evaluated at &£/&kW.h. 
ANALYSIS: From Яле 


Solution tc Pachlem Glee 


to. ch ne? 


Tey = 6.484 Bis 


oZ 
heat ссу © Wey © 541 ene 


S Ur yp with Eg = (o б, 


| : TE е гуа 8/5) ВАА „д У 
Ф turbine - Ej = Goce e( 0.453 7A Js 2.2.7.) = 
| > МЕ А в \. 295.5 Bk ый ==”. 
heat — eC : E, = SoD °F ( о 59] oR ) i & 
The 


corresponding cost rates are. 


oos [| (008 57 ж NN 
ызы cs Coors вра loeo (= 97 


KWh 





heat сх ские: $- (2.95.5) 136001 lil (0.08 ) T TUS 





l- The power developed by the 


я fu, bine & 
rates ex p^ sied (^ tern ef + he 


2852hp „The exergy destevc hon. 





rte power fer cem par Son gre, Га У 
m. ph [Bees | |. | = 225° hp 
turbines Ез - (224.5 — (od 4 suy овча 
HX à: 


Е, » (as sy | ео] lx | = 4:9 Ар 
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PROBLEM 7.82. 


ктм OWN: Operatng data are provided fer a gas turbine power plant 
at Steady state, in Problem G.1S4 Co). 

FIND: For the compressor and terbrne, determine the fates o$ exeredy destrachon per 
kq of air Flowing. Express each as a percentage of the net tooricde veloped . 

SCHEMATIC € GIVEN DATA: 

R= Pa. = OWS bar 

е: R= 5.7 bar 

Tz 22°С , Т: MOOK 


Wee 82%, И = 35% 





ASSUMPTIONS : ti) The gas turbine power plant operates at steady State , (2) The 
Com pressor and turbine operate advdabatcally - (3) Kine c. aud poteatial energ 
effects are пе4 14 ble. (4) Аг is modeled as “an ideal gas. (4) for +he environment 
Te = 22°C, Bz 0.95 bar, 


ANALYSIS: For the compressor and turbine ‘the exersy devocion fates are, convenienti 


Aelermucd U Cin Eg/m = Т УГУ where d * {ue rake of tn hopa preduch'on 
feom ân €n ro fiy balance.. T wt 


e | | E : 
Compressor; £4 ے‎ BGa-5) ر‎ turbine: = 2G (54-53) 


From 4he solution te Problem 6.1512 (bJ), Һс 243. 7 &7/t» , hy = 116407 & df F1, has = 
443. 02 кз/кӯ , hus = 706.651 к/к | and 


W3-Mu = 356397 => Wa = WOOT 316,377 774-69 KJÍkz 
heh 24129 SD И = 247-17 + 241.14: $36.46 «J/kg 
an "^ ‘ 


Also, Prom the Selution +o Problem GIST), Wnet/ h = 145.08 KT) k4 Е 


efsow 


(Cor the Compressor, 


És T. - | = i — 1.6% I5 - 9.34 i 22 )= 5.06 Ky 
Se. т (39-S7- RI R/R) = 245 22998-10215 FIN in 25.06 KT سه‎ 


Compr 


20.95 


„ | T 
Where 54 and 6,7 are obtained (voc. Table АЛ. T, and ha, respectively 


For the Hurling ) 


" Jy v 
= oain 17,73 ES х 
E 73 — 9.3% in 240) = 9 
БА ат (59-55 - Rs M/A) = ray (2651 ¬ 507732. бае ss ку 4—{ 
Y^ 
where. 5,° ка 54° are. obtained frown Table 4-12. at В and he , respectively 
Expressed as « percentage of the net Wwerk developed 
Compressors (22.06 Yao: I7. 29 Я 
45°04 4—0 
turbine: — | 6%) 18.1 % 
145.04 
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PRoBLEM 7-83 
Кудо но M: Steady -S tate operating data are prov ded for a valve, flash 


Chamber, and turbine in сет геу. 
рор: For each component, determine the rate of exergy deshuction 


and е poss it ar € percentase 4 the turbine power. 
SCATMATIC 2 GIEN DATA: 

e See solution to Problem 6. 160 

. From tre Solum do Problem ©.160 


Wis 139-3 Bie s 
5 lash Cham ber: gut Q.00S4 ETE 


valve: Tip: 20170 B/S 
eR 
+urbine: у: 0. 0266 Bhs 
o 
ASSUMPTIONS: 1: Sea Soluthm ty Pxobleiv- лёд. 2. 2 S00% , A= late. 


A&NSNACTSIE- Since Cay values are Frown , ct ә cove wa е6 Tv find 


+he A orgy destuch'm rates Using Є = To Tev 


: ( 6.0054 Btw] 36005 |_ 4720 81v 
. s ше» 
— хаме: Ey = soo" R[ 0.011 8t )l 6021 | = 3, 80 Be == 


; ; Bin / S ا‎ so Bh. 
= aes! Ca- RE ( tét =) "T 


Ск (os Si^s each an a percentnyt 1 ths posses output, 


Flash Chott: % 2 20 Bhih Croo) = 1-94 
(134.3 X 3600) Bll 


(з о)бъо) _ „27 -4— 


— Valve’ of : 
d [134.3 € 3600) 
= Au row ` ofh > (ат, S80) (iow) з 9. сс” 


Lo12 *3°°° 1] 
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PROBLEM 7.84 
Коош м! Steady-state opara hns data are Provided for thd turbine. 
Stages and an inter connecting heat exchanger. 


Find: Detornwne thus nates of exergy elecivvctioa. Place in rank order 
SCHEMATIC f GIVEN DATA: 


e See Faure P 4.82. 
* From Ho soluh'm 19 Problem 6.1250 


9 23.1436 kW|K , 2= 2.8649 Ex, Ty = 3.1482 0 


ASSUMPTIONS; I. Se Solutions to Pavblem s 4.92, 6.12. 2.76 = 200K, № = [5кг . 
KNAUSS: Since the 4^ ор preoductmn rates ere k nown, C 5 сеъоФіА © at 
to detvnune the nates of exergy Neshyuch'm using RETO. Tuus, 


` (Esju: Gook 3-143) K) = 458.102) (Ед) = (3002-8644) = #545 EW, 
(Eai: 4844.560 , Ta order, turbrn F haatexchanger, turbine 2. 











PROB 1.857 


Kk лэч» кә: S teady-s tute ш. data ove Provided f» a Simple Vepor 
Power Plant. 


FIND: Detevnune tre rates 4 exergy Фе мисол for the turbine, 


Condenser, and pw: Place ra Aank order. 
SCHIMATC ROsvin DATA: 


Sæ figure P 4.8 
Frons He Soluhemto Paoblem 6.116 


] = ku - мч? = А 
ASSUMPTIONS. 1. Sae Solutiemys to Paeblems 4.9 Y, 6.120. 2. т> 24 2 р, = | bar 
Ак 4А ил $$. Sine + en сор pote c fons. ra fe ; are (Є (ө cuu, + is 
См улыл ent +0 deternrune Hao tates of exergy Чо сос т л LU Sing 
Ef = bre. Thus, 

urna: Ey = Gase) ( 87-51 кы) = 25,6401“) 

: 2 | ew 

O pvp: Ёш+@а43Х [5005 43 


i А ۳ 
Condensers. Ёа z= (243 35-4) - 10,312 


Tu оде harim, Сом аии, penp. 


|. Using лось Solo hn Jo Problem 48S, Hau net power 
de vetu ped “л 


; э | int 
Wnet = m [n иа) Oh 3) (ко es) 6s - 2330.7) -Ci88.4 - 173-4) | E. reis 
2 17,000 KW 
which provides a weasure of the SismG cance of each T^ ner 
exoryq destrochons deterened here. presser o» perten ше ы шы wed рала 
0 ua puk 
25,640 (431X) „до — (19, Ttov) 
= fur «a 25053 (oo) x 2275 | = pop сєз Ке 20.4% , ¬ Condever — 
=9 0 
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PROBLEM 786 


KNOWN: Steady-state o perah ns data are provided fr a jas tarh (ne pouri- 
plant in Problew 6.103, The achak power out put о Known. 

FEND: Deternnine (о) t^ rate of Cmersy trans fr Accomp ying heat 
Hane te , (£4 re net Aate еж ergy ts carried out by the fT. / enn 5 arr, (c) 

the totad rate of exergy derfvect n4. 
SCHEMATIC L GIVIN DATA: 


Qe 


ASSUMPTIONS: L The Control моол. 


т Shown iw the creche mahe (Sat 
Tos Fle Steady <+ 

pisos iat Ses | ady State. | 

| | МУсу=О.}М W 2. Heat trans te Qev takes place 

| E i at temperature Th only. 
| 
ا‎ - -> _ | 3. Ar ы modeled өз an wet gas. 
AIR \ ay AIR 

P,20.45bar god bar 4. Hs 245K, &=0.Sbar. Effect of 

adr adus т, > 614K моол and gravi hq cam be shored, 


ANALTSIS: (а) Mass and Cuersy pate balancer Лз осе tv give 
От Rey -Wev + V^. (W.- ^3) = О) си = Wey + м (ha- hı ) . Then wi 7^ da T». fro TAA 
A- 2.2. 


)..- блм 3.4 кд ‚©-әас EJ | IMW 11 „ MW 
Gey: OFMW 4 (3 2\( 06 T sn] e — : 2.305 
Using Eq. 7. 35 | 


{ _ = _ _ tai, MW > 
Ray Xe D- Пеене rt 


(n) wip Eqs: 234 7.3. = 


| оет. ) сест уе A Pe 
Eg qz [и та у] S Les 8070 (8) - °C £70] 


E Ga ED (706.8 - 245: +)- 2094 (2-868) - Less) ] 2. | 


= 9.595 MW 


[Mw 
io? KI/< 


س 


(с) The ماما‎ A Oy 4 destruc hm can lee olo oa ra d ed use qt- 
exergy Acts balonar) v4 7. 226 


Ез = Еа - Wey + (Er - Ege) 


(1.411 - о. Ф ~ 0.5957) MW 


Jj 


(D 


tf 


O. 1l Go MW 


|. Exergy balance Sheet on a Aate bass % 


X Exergy fate n a cco ver n leat лига: Lan MU 
а нн quisqu Tram 0.2 Mw ( 436%) 
— net Power cleve/o ped 


3 çqr MW ( 42.2%) 
— r s hea m o: 
E LED out by ar o.16 Mw C $.2% ) 
— eyeray de | | 
Ж. Accordingly, the exergy Carried out by the ar Stream ы пеи fr aut, and 
Means Should (олд Considered for utilia ot^. cos edfective4. 
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PROBLEM 7.87 


KNoOw^: S Челсі - state opere hng data are provided fora waste heat- Yecovey y 
Seam generator and turbine in Problem 483. 


Find: Develop a full exergy accounhing of the net xer Carried w tha 
oven exhaust. 


SCHEMATIC &GIVEN DATA. 
duds. LS Жы шит 
Data fromthe Soluhm ty Pwblem 4.83 ore shown, on He schema УС. 


Oven 
exhaust 


(A) State ^ 5 


р; = 40 Ibf/in" i 188.2. ©. 32% | 


Ta = 360°F 

(AV), = 3000 ft?/min. 

mM zi yv! ib 
Jas e Vd v) 








1. 1196.8 LH 206 
X2 Power out Á 13, loo 4. j 1 F937 
U Wye - : 
q. Ste pena Á 146.69 0.70160 
Tg = 280°F 5 A-t: B 174.23 0.67 bes 
p; = 42 lbf/in? A SD 
| Т, = 220°Е ыз Ей. 
Hein 
Water 


AS SuMPTIOMS: l- Control Volumes си Clotíne fhe S team Furlong and steam chant 
ave at steady State. 2. Qey 20 j and (cios ЕС eve potent od enersy affects Can 

(4 оиа. 3. The over gas и, modeled до air aa AN idee gas. There ы 

wo фо 5 лке C ee fe tha air, 4. Tos S40* I, р,> (дф. 


ANALYSIS, The wat rate €^ و‎ v3 Carried mby the over gas vo 
0 
EgA- Ese > gel ha-ha- TCS- Sp- BAM )] 


= —— 23] 196.69 -177.23- Sto ( 6.70160 - 0-665] = = [444 Sh. 
“66 5 "€ 


he 
The net fate exergy ю carri ed cut ۹ the water Steam (з 


Ep3 - Eg) > mst Û "3 - hı -To (53-81) ) > > (2-8 Wp )|(ooz.1 - 188.2) - Sho (71277 - -o.349]] € 


- о. 958% 
0 5 


Tha rate of exergy des uc him w he Fur bie o (Е;)+ = lo Gev k Ф 
Q- _ ha 
(Èh: To wst Ù 33 -5,) = (540 R)( 22 B ur 737 - xe hr T — ls 
Tw Ae X, 9| Yea و ید‎ destruchon w ths Steam ġenerat (А (Ёз) = Tol Sev) s6 = 
(Easg: Tof msrCsa-s,1 + sas [sa sf e p] 
- 640) qe 8 Nitros- O.3241) + (ezz o. C766) - 0.90/60 ] = 237# Bh |: 


Exergy Balance Sheet (fate basis)? 
e Net rate eversy ò carried W by oven jas: 14.49 Brel 


© Dis posihm of +h сөгүш 3 4.04 gh (62.7%) 


ower cevel oye d 


-— 6%) 
- itd cut by Water o.4 Y Fis di 0 

с EA ai ed - turhine 2. оу Sh 14.1%) 
- exergy оа 3 Seam genaratem 2.53 Ww (I6. 97, ) 
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PROBLEM 7.88 
KNOWN" Steady-state operating data ore Provided ban Preblenr 6.147 for о. 


ене; valve wi parallel with Steam tur brine. 
Find. Deternune a full — accounting of the net energy Carried in 
by tho water сели. 
SC Ht MATIC e GIUTN DATA: 
« See schomahec in the Solon f P^ololeuw. 6. 147. 


° Кол Но olo ом mM, = 25 lb/s 
Wa = 27.04.5 Bh, ) hi z 350.6 Bie s, i-S832 ls ) ur = 205.8 Bh $4 — 
Oy We? о. G1 8G вын, а Turbine = 6.2513 аы, num 0047€ r Siks 


ASSUMPTIONS: 1. Sas asso ph ms listed fr фе ка. 147. Z. b= тобо „hlan, 


ANALYSIS: The nat exergy carried ui the water Stream iy 


Eg - Êş = > м L Gih) - TG, -S4)] = 2% ш (Gm. G~ 1268.4) - g00 (1. $871 - (6239) | 8% x 
= 2503.35 Btu 
Tw nates 4 жо degtvuehim w th, +hree component can he evaluated 
оол وہ‎ E, = T» iv. Thasa 
Valve: (ЕЛ), =(S60°R (0:06:86 AU - 304. 3 Bv, 
ka: (Cay + Єз) C025 BAL). eS BH 
mixer: (Ёр), (IVOR) 6 04%6 ge). 23. ВЫ 


Exergy Balance Sheet (Crate bases J: 


e ner cate exeray is Carned 2950335 Bais 
lA by the с Sv eam in | 


e Dupsikm A Yr exergy corned 
Ww 


- power developed : zor Bh: (82 %) 


= et M 
— m 304.8 Wh; — (iz %) 
turbine 127.05 Beis (5°/) 
mixer 238 Bhs (\°%%) 
2503.45 Bhys 
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PROBLEM 7.89 
KNOWN: Steady – State operating data ore Provided for a compressor 
Ond heat exchanger in Series. 
FD: "Develop е fuu ea) e.CC ovd n 6 of the Compressor power input. 


SCHEMATIC 2 GIVEN DATA 
‚ See the Schomahc Wi ths Solum fe Problem G.12 4. 
‚ From the soludim 
(—Wey) = 50. iW, Mair = O,S KS , Meu = ©.403F9/s 


Tomp = О.О: $ ки, Try = 6.01352 M 


Shire n 5° State A = 
| 300.19 |. 70203 A 04. 84 o. 3607Y 
Jj 35049 1.85305 B 7.57 — 6.522,— 


ASSUMPTIONS: | Cee ослом лу listed fe Problem Q.V. 2. Ge ЗООК Py = de a, 
ANALYS: The fates of exergy desivuchew Can ba found using EJs To баи. 
compress: (Ede: зоок (o-ote EV). С. яак\у 
neat ахсани уи: (Ea)uy = Зоо ( 2.0152 = 4560 


Th nat cate eer Sy exits we thre Gir з hean 
Ep -Èp = Marr ( hz- w- To (s3 -si -R fs [a)) 


Se _ = УЗО? ml. ~ BI¥ 0, z30)] KI |W 
(os ¥9) [ (250.44 300.14) – Зоо ( 1. BSW? — (0103 Balt 0, 232] la | Tez. 


= 34.5 KW 
Ths net rch exergy xi wk (02 water Shear. 


Ёна - Et = Me ( (в-а) -20(са-5а)) = (0-403 k9) | Ge S1- t0 1) - 300(-5927- eng 
| 1 kW 
ай 


- 0,46 КМ 
Exervey Balance S heat (fate bars) 


e fate exergy is supplied $0.4 kw 
by NAA AE power input 
, сее У QA arg y 
- vet exovyy carried out bythe air 345 kW (78.49%) 
- net exarou carr ed out by thewater o.4b kW C 0.9%) 
- exversy фәс кусу йл 


compres tor 5.88 kW CU 7%) 
heak sichang or 456 kW ( 4.0%) 
ФА FEW 
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PROBLEM 7.90 


KNOWN : Equation 7. 33b 
FIND: Plot € verfu Tu / To for Ts [т = 8 and Selected values of VI s 
ANALYSIS: 


= = 5л | 1-1/7 | _ 8 _ Te 
£4. T 8b €= | — dE | - чү E 21 


1.00 — n = 100% 
0.80 n = 80% 
0.60 n = 60% 

E 
0.40 n = 40% 
0.20 
0.00 


1.0 2.0 3.0 4.0 5.0 6.0 7.0 8.0 


Tit. 






1.00 ' = 10096 

0.80 п = 80% 

ns ай п = 60% 
o 22 

0.40 n = 40% 





0.20 


1.0 2.0 3.0 


ју fixed Tal 7; 
0.00 
4.0 5.0 6.0 7.0 8. 


0 
Tato 


í е А ec tot et are allowed. 
e When € vs fixed > as Wincraales ر‎ lower uae temp 


e When Tu) т is fred, an V (nanata, € fnareases. 
In sum, a hugh Frst-law effreenty М, has Prach cod bene ehe So, bith 
Greit -laur and Çe cond = law contiderahons ara роста in proper 


energy Astource Utilization. 


PROBLEM 7.9! 
KroowN: Operating date are provided for an electrical water heater. 
Боо. Devise and evaluate an exergefc effet. 


Sca1MAT:C L Giur DATA: 


ASSUMPTIONS: 


б The system is shown wi the accompana'ng 
Schouahc. Q =O. 

2. Tha water Can bt modeled as "n co йде? ble 
uaith constant tpeafrc heat C. 

3. The states of thse лә ифои and tank do net 
Change. 


4. l= T= 286K. 





ANALYSIS: Арр/4‘"5 a closed SY Sten energy рд [аи са. 


д о 
ДЕ = Ug - Ew- Pg] - Ea 
> CW) = OE + Ed 


Thatis, ٣اف‎ AX 90$ supplied to Ho rysk electrically, GW), e ether 
Shred, AG) or Nestvoued, Еа. 


Thus, Qn ergeht ef неле, im th. fourm Cexersys lored/ exsvsy input) 
€ = AE. (t 
CW) ) 

ө The numeratur Can be evaluated veine E9.7./0 and assumnh m C aa 


0 
AE = AU 20-525 = me (T-T) -To лс hn Ф (2) 


o “The work I^ put Can b found frum av) ener loo lance 
AU - Ж => C-w)-mc(h-T) e) 


Co tlecting Eqs 1,2,3 
me Гев т) 2А (Ит) ш | To АА (111) 


me (С Tnn] 7 Cn. -T,) 


акар T=To = 288 к, Ti 2323€ 


© - 289 ^. (31/289) _ 4056 (5.6% ) 
E= 17 Ray- 28D) 


Є = 


L This calenlatm shows TA ordinary water heating makes poor use 
tha exergy puts е (ес Һе. The electierty vopplred Kas 
a bash potentat for use , but only relativel, lour tempera ture 
Uyeda bo obtnrcned ЦД exchange. The largest Portion of + ѓа pot 
ú deswóyjed by rerevernhhhes witan the water heater, Dee 
"чу S.6 Stored {n قاملا‎ мал. 
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PROBLEM 41. 


KNOWN: Steady- state opetating data are provided fur a hand-held Marr dr 


E/ Fn: @Evalvate the power герм. (6) Dense and evaluat an Svidas рена. 
HEMATIC 6t ую DATA: 





Т, = 83°С 





vats = бут, ASSUMP TIONS: 
T - — — I eg Control Volume Shown — à 
ү! = 3.7 mis ке 02 9 figure i$ at Stacy 
1. For +e contre! Volume, Qey =O and 
poles hot energy effects can 
be (snered. 
3. Mr ы vedeled as av as an 
(des o sas- 
4. TFK (22°C), 
Analysis: 


(a) The power Wey for the control volume in the accompanying figure can be evaluated using mass and energy rate 
balances. At steady state, the mass rate balance reduces to give m; = m; = m. Using this relationship between 
the mass flow rates together with assumption, the energy rate balance reduces at steady state to give 

. vi- Vi 
Woy = r (hi = h LA 
The mass flow rate m can be evaluated from the expression 


_ A۷2 ے‎ 
i Uz R Tal Pa 


me N-m 
28.97 kg-K 


Then, with specific enthalpy values from Table A-22, A; = 295.2 kJ/kg and h = 356.5 kJ/kg, the value of Wey i is 
obtained as follows: 





= 0.0167 kg/s 
d (356 K) 





kg s | kJ _ ‚ 8:7 m/s? — (9.1 m/s] i ا‎ 1 KJ 
Wey = 0.0167 = | 295.2 ig a. — - ducere d E = Б Hor N- ox 
kg e kJ SIE | 
— — — — — — К Me 
= 0.0167 -|-6L3 م‎ — 0.08 LJ уту; 1.02 kW 


The minus sign reminds us that an electrical power input is required to operate the hair dryer. The change in 
kinetic energy between inlet and exit is seen to be negligible and is ignored in the remainder of the solution. 


(b) Since Ov = бапа m, = m, the steady-state exergy rate balance reduces as follows: 
о, * s . ‚ vU 

o= رھ چا‎ — Wey + m Сед -©рә) -E3 D (-Wev) = (CO - Cp) - Ed 

Tris — Shows thad tho nergy ил рыд ر‎ (-Wey), either goes into increasing Haa 

ex OF 9y of A^» arr S Nea, ml €¢2-€¢:), f^ to shoe) Ed. Thus, An Cx ev3ehic 

e fijoren Can be de( ved Cua 

-h,) - m P, 

m Cega-OR) 2 Lic hi0 758063759] = ehh) To t-st BASHIR] 

(-Wev ) ` (We) (-Wev) 

With data Crow Tela A-t 
| кз _ 5а 1.874 - 1.685 ei 1 KW Е : 
(t) — © .0(6} K9/s)(_ (356.5 - 295.2) $3 2 sk( ere 3 | iid" 0.041 (9 1%) 
(1.02 М) | 


Є = 





|, In this device, a relatively high potential for use electrical input is used to obtain a stream of slightly 
warm air. The low value of the efficiency e emphasizes that source and end use are not well matched. 
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PROBLEM 14 3 


KNOWN: From am Input ef electricity ‚ à Crece. delves energy b heat һала е^ 
at a rate ot Qu at a use tenperature of Tu. The fuvnace operates at sey 
she. 

FIND: (a) Device aw exevgetic efficiency . tb) Plot is efficiency versus Tu 
rang 4 trom 300 {о 400K. 


Scuemutic $ GIVED DATA ` 





ASSUMPTIONS: (1) The Closed System t< at steady shale. (2) There are wo 
Significaut energy transfers other Man those sow. (3) For Иле 


Luvivonmewt, T, 220*C = 243K. 
ANANSIS: (оу A Steady shade the exergy balance with assump 2 reads 

0= We- 1-42 ] Qu ¬ E 
Where the quantities We and Qu. Wave been tukem as posihve iw the 
directum of Mo. avrows. Re 0^ CAS б 

cd - To > > 

an} 
Cipt) ( ouster) (destroyed у | | 

An exer eic efficiency th ха form output/ Apud ts 


Li- 28. | Qu 





Є = : 
Y ` We 
QJ MA Qu 7 We fromm am energy b luce. Gt steady Sa 
- To € 
€ = |. i Р | 
(b) The followins plot is gemerated using IT with To 2243 : 
0.7 
0.6 ` Fram He plot, we. observe Not 
0.5 ^A lu To, € VO. Mw, € 
UA evokes rapid ly with Tu , sme 
0.4 rae | 
: GS Tu woreeses less exergy (5 
0.3 chesrroyed per uurt of exergy 
Те = 293K Ugur by electricity, 
0.2 
0.1 


0 
300 400 500 600 700 800 900 
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PROBLEM 794°" 


known: Stead,-stete operating data are provided fora steam turbine, 
FIND Evaluate the г; entropic tur bine ef feren dr, and the exerge trc 

Алле bine Chir tas. 

SCHEMATIC & GIVEN D ATA: 






900 (bt 
ind 
(4.7 ЫЎ 
+? іи - 
3 
ASSump tions: |l. The control Volume shown inthe Schamatte is at s Hady 


Ste. 2- For the Con اوسا‎ voluws, Q су =O , and Kíine hc and pote tel energ 7 
effects are — 3. т: S20"R, P= 14.9 (ef/ * 
ANALYSIS: Using es. 6.48 к isentropic turbine efficiency ù 

= Wey |m 

Wi-hag 
From Table AYE by = ISILA Bh/lb; 5, = LOOT Qe / 10-9. Ш. th s=} at W? Ffin 
Table A-3E gives 
Yasz Sos- S£. [0807 – 0.3121 = 04Ч7 
sq - SE чч 
D hse: M + үз: hes = (30.1у +0497 (470.4) 2 100q. S Ble. 


Thus, 


ng = 8ے‎ BS کے‎ -082 ( 2 
' КЕК“ 1099.5 ] қи. /(Ь q (0.4 ДУ کے‎ 


Using 64.7 €?, the ем. e v C. fury bine effi utn c » 
€ = WS ev] ^ 
(М-м) -T963:7 52. ) 
ть {ух the Sit sha, seduce {сл wars and MAYS? ا ا ا‎ 





Than, at € bf lin) wih hv noun, TH А-ЧС J ivoa 5 = [1404 B h/b- R. 
Ac corlir ta, 


„у йб» __ 38ے‎ 
` (QOSu.A-U13,4) 2 So (1.907 ~ (O2) BWA 
33g | 


i) — 


т 0.€SG (SS .(o 7o ) 
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PROBLEM 745 


KN OWN ` Steady -S fate ope rating data are provid ed tn Problem 7.67 fer 
o valve and turbine in series. 

EIND; for the turbine, plot the exerge hc e Firacencn Versus tha Saum. 
qus l4 at the tur bine exit Fang ing from Go to 100 %0. 


SCHEMATIC & GIVEN DATA: 
| ASSUMPTIONS: 1. Control volumes €aclosrng 


the valve and turbine are at Steady State, 
2. Forte contol Vel umer, ey =© ر‎ ana 


= icn let 
R250 T 







l tie cts of Motion and gravity Can be 
f4nered. The expansion Across the valve г; 
Р = 2oolbf Psi lof ‘ А 
l тта. заа a throttling process. 
з о | x 
— 3. To= S20°R, Po= lat. 


AWALYSIS? The turbine exerge fre е семе 3 9 "Мем he 65.7471. à); tio 
indicated ars uve pons , tris Can X in qoos tel as 
€: M- ‚ Smee Ww, fordh Toti ling poesis: get 
(ha- 3) - To (53:53) 


Є = Ni- h3 (1). TA Ea Cı) hi “4 fixed lou Т, В ) S218 fired № 7 h2= 
Chi- Wa) -To (52-$3) Ni, Po 5 and hg andS3 are fixed by P3)X3, 


Sampie Calcula: Ky = 0.98. From Table A-4E, hy= 1322.1 Bry ib. Taler pela ting w 
Table ANE wh hah at [ОЙЫ S4 213028 Bh [e R. with de te. from Tott A-3E 
at ПЫЛ. hg= 64744 048(/0030)7 (OBS BW/[b у . 532 0.13274 0.48(1.8453) = 1.9411 Bha|lb-R. 


Ta s er hng Values , €. Ct) әуез 








є -03221- 1085) - $31] |. с.о ( 662%) 
(1322.\~ 108S) - 620( 1.4078- 1.4Чи) 358.4 
ІТ Code 
p1 = 200 // ibf/in.? 
T1 = 600 // °F 
р2 = 150 // Ibf/in.? 
p3 = 1 //Ibf/in.? 90 
x3 = 0.98 80 
To = 60 + 460 // °К 
70 
hi = h_PT(“Water/Steam", p1, T1) 60 
52 = $ Ph("Water/Steam", p2, h1) —. 50 
S3 = ssat_Px("Water/Steam", p3, x3) S 
h3 = hsat_Px("Water/Steam", p3, x3) ы 40 
eff = (h1 - h3) / ((h1 - h3) - To * (52 - 53)) 30 
ІТ Results for x, = 0.98 E 
eff 0.6613 10 
h1 1322 А 
h3 1085 09 092 094 096 098 1 
s2 1.707 
s3 1.941 M 
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PPResLE'A %976™ 





KNOWN: — Soe operating date ave provided for a hydrogem turbine 
F/O: De C) fu г sen trom re turbine 
turbine efhhuency. 


effreence ) (b) the exevg еі < 
SCHEMATIC $ GIVEN DATA? 





| AS bar 
— e: N 2 bar 
Ha | 2. 2. 
P= 2S bac | dE i 5 
те чЅобс \ V 12 00 СЕК 
me 0.2 kg/s 


5 
ASSUMPBTIONS: (r) The control Valume Shown in the Figure 


ro aot Stead ч 
State. (1) Por ttu control volume Qey —O, and Kinetre/potenhat eese 
changes can be ignored. (3) Air ù modeled аз an idot goo with ks 1357 
(4) The екем у Се Гела с. OnVvirmmrnt yu ab = 298 К. 


А Ашыт SIS” Ск) Tha tren tro pre 














turbine е [usu es give. y Cs. 6.4? 
» РЕ 
= 3 
N- Wis ve 2 eC T- Te) - Lo > Їз. With Eq. 6.45, Тг < ~ т( P С (723 {С (= ) i 
Mi- Mg Cp C'T, - Tes) Ty - Tes 4 25 
12» ~433 © 
a 2 سس‎ -0 (&l lo —e,, ee— — — ——— Y 
OW as 25555 | ) i 
C5) 


“Tho exergehc fur bine effraency < мем bs 65,7 42 ر‎ which Qe comes 
Nye he ep CT, - Te) 
^ Chau BEN 82) 





$ Eg. 3.47 9 iuto 
Colt Tu) - To [А $ - deb | R= e) EZ) 
Ti = Ta 
Є = 


пареа ET 


1*3- 433 
723 -433 -24% (l«( 





So 
ЧУУ 





з1-[{ 


گے( 85.2( 0.852 = 
* 
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PeoRLEM 7417 


ic NON © An fF deat gar uo: fw eon Stunt 


a wrbrne Operating at Shea de, 


oda bah’ €^ bly to Tey Pe 
Ё (Do. 


Oxceeds the 


SCHTMATIC $ CIVEN DATA: 








ASSUMPTION, 
Stee d «eh. (2) Rr +t 
of lec ec | po ad e ur 
Ve dad sd. 25 
dw. exerey 


Coun rel Velo wma 


an deat gas 





APALTSIS: 
м, س‎ мә hi- ha 
Mie ha - С Sa) Ni- brs 


= Cha- а s) > Tl- 5) 


ha-bas S 7% lS- rs) 
Sua Aen сом зи +t 


= т Р 
CoU sl > С 


(т Tas) ge s 


“Te = Rs 


METS 7 


и ym Fe — — 


To C1) 


The lett ode 4 re eo$4va3c Ч Go H logar i th ммс evara ge e tes kupera fur 


dare oe Ta- (28. 


Using tha лезо: of Provlen 7.46 fr illutira Ho: 


Т, 2 
К: 24$ J a Ct) 
Ы = gk >28 =) Ee 
al азе) 


€= 85,2 76, VW m 810 aider 
luha CÓ roblem FTO v 
ое SPAY elict c. VS eee же tr. о Ил ہکس‎ e буз 


| É d 
846K, wh ste ght fe Lt uz „с flys Ce fy o Th Тоа игил avare `] 
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f*pecafec. hast neto 
Stet. at Try P, and 2ле pands 


De Чеги nr whan Hha valua of tte. Onergetve turbine е enc 


va die o£ tae i Sen Tr? prc е ffeereneg. 


СС) Т Can tro б Vel о ina s Wo wn ы ALa figure 


Co^ be ignored, The gat uU 
Co fly cons tent тре efie hort ratio (c. 
ге е у, environnant + aX To, 


The raq uir ewk СРУ, Theta wita Eqs. 6.4fand AL 


(whee) `> Chinhe | * To C8 - $2.) 


«ti. — — 


1273 К, 72 9386, Tape ISEK 


PRoBlLE™mM 798“ 


KNOWN: Steady sie te operah'n 4 data are Provided for a Puw p. 


F /n0: De ternune (а) exergy desttoch’w per unt 7 waart Dune ; Co ) the exrjelvc 
pump efheency. | 


SCHEMATIC * GWEN DATA: 


ea es 


2. Р, = {500 (bt Kn® 





= 
1 R= Sbt 
Sat. WG- 





3 
ASSUMPTIONS: бу The Controivaume Shown w T^ fg ure г af Stead ste te, 
(2) Fry the control volumes | Qe zo py and Kinatre/ potent oi далуу, effect 
are negligible. C3) Tez S30°R 


AMALYsis:(a)The exergy deswuct on per unit of mass Flowing » convement!y 
found with 


Ed lx, Ory = Ed = Tl S2-5,) 
m к^ w 


State lw ued. State Z о С хе by f and ho oba ned a9 fo Иге: 
using Eqs. 650, G.S3c toget wila an averaja V eon, demo specchic уоіои 


“p> eee = Мәе СР. -0 ) =p ha = И, + ое (0. -0.) 
(-Wev/m) м: - и, 


^» 
Here, Маме ù the averase трас volume . Reader Vave S МСТ), 
hy =he(T,), ani data Le ree TAM. A -3E 


t 8+ 
Bia 00.0004: 00/0590 -5 0199 Бр) 2 nos BH 
he = (50. (7 th +. es ge ee г |b 


Q Tegel mA w Tatts A-SE, S3 0207 Bin [Ib , = 0.01635 PA. 
Also, 51 SeT): 0.2349 Gf lb R. Then 


: 
& . so'r (0.0361 - 0.2344) бе = 0,95 ЛЬ — 
ум 
Co) Loc te G4۰ 7.43 64/4 
E= ё+г-е‹ (hav, )- Bie- з. v2. 7/30, 01) — 0.459 
| Cede) (Wa -h,) (SG. v2. — (30,07 


= 0,8ur (84295) | — 


|. Comparing V; with М СТ), Kt rs clear that specifice volume does wet 
үч appre dambly м teius Case. 


71-10% 


PROBLEM 1,44 


LNOWN' Aw enters an insulated turbine operating at steady state at a given 
state amd with o kwwum volumetric flow rate. The exit pressuve aud the 
iseutronc turbine efliciency лге specified. 

Fup: Determine (a) the power developed aud tHe exergy destruction vade. 
(b) the exevgrtte Turbine efficiency, = 


| | 4 bar 
СЧ ЛАТАС È GIVEN DATA: 








= | И. - °/ 
УУ, Т 84 o | 
ASSUMPTIONS: (1) The Control volume shown is et stea 


the comtro| volume, Q., =O amd the effects of motion ама gravi 


neglected.(3) The air is modeled as an ideal 4@5.(4) For the environment, 
Ty = 20°C = 293K , р = Ibar. 


stale. @) For `’ 
are 


ANAM 515 : (Ау We bes А by using the. isewtropic turbine efficiemay Jo fix Slade2. 
With data from Table A-22. 


7; = 303.5 К 
Pel Tes) = CE?) RCT) = (+) ‚775 = 1,44375 >}! proe 
Р, 4 h zs 








= 30371 EY 
Mouo E 
hoh 
n MÀ 5 We hls = 4518- 84) 451.8- 303.71) 
| M. 7 №25 
| = 321.4 kJ/kg 
The mass flow cate ef ow is 
— (AV), - fn (Av, (4 bar (Sw?l s) 02 Мм] | 16T | 
Аг, RT, ( 4ا83‎ kT \(450 k) | \ bar Lo? М-м 
28.91 к 


pron Mass QA energy vate lb ances : О = Ж, p Ж; [Mha hS +9 ta as] 
Wee Mm De] 205.44 c3 [45.8 ۴ 4 ا‎ kW | 


| |5 2 1927 kW 


۷ے 
I» : |‏ 

From mass amc entropy balances : o- 2/8], +wa(s,-S2) +бсу Э Qy м(5,-5,) 

Thus T3 


Eq = Toy ® T M(S.-3,) = To va [ 5°ст„у- есту —@ ЖА Pele, | 
Tutewpolating in Tolle A-22 wih. ho 2 321,4 ; SCTE [Л 9886. 

=- 2 k _ : AVI [ilew 

Ед 293 к) (15.49 -2) [‹ 1195686 Luu- €:33 t (3)] | 





| ka 4< | 7/5 _ 
(b) the exegetice turbine eLiciency LS | 
M CV 2 Ww 1927 " 
ааа dece MH INS é 
e [ch ,- ka) - Te ($,- S.) J ^ Wey t Ba 1921+ 340.8 ( >) а 
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PROBLEM 71.100 


KNOWN: Steam enters a well-insulatedA url ue operah ng at Steady state 
ad qj Specified Stote aud ex v ax pressure Р. 


FIND: (ау For p= 50 Ши, debevmibe the exergy destruct vate per unit 
mass of Steam Flowing and Me isentropic aud Lxergetic turbine efficiencies. 
(5) Plot each of Yhese quantities VOVSUS р ramg Iwg from 1 + So Wf li? 


SCHEMATIC $ GIVEN DATA. BH P.=4 о bfl 
zi \ 
Steam 


ИШЕ? 
909 pe 


d|*-600o?T- 





ASSUMPTIONS’ 0) The control volume shown Operates at 
steady ойс C2) For Ме cowrrol volume, QeytO and 
kinetic aud poteutial energy effects are ignored. 

G) For He euvironmes, T, = 60°F =520°R рс lam. 


AN MY SIS: With 6$ vp ow 5 \ awd 2 Ye mass amd Mw) vate balances 
(educe fo give W 
Y > h-Ua | (1) 
Further, mass amel evropy vate balances veduce togive Üw[n, = 8.75, - the 
exergy destructum rate is &dlw = То ( evlna) o 

Ed [vA = “Tet $,-5,) C2) 


FurVaermove, the isewsropic aud exergebic turbine efficiencies are, 
respecte ly 





a М.-М. 
"t h- Mas (9 
СЕ Wev ws = h-Ua 


(4) 
3 ~ a Ch, - Wa) -VYoCS TA 


(A) From Table 4-42, h, = 1306.6 Вр, s, = 1.5912. Bhi/ll.°R, Рим, from 
Table A-36 at 50 loflivt, h,= hq = 1174.4 Bhullb, 5,259 = 6584 Gul R. 
Accovding ly | 


Ёдка = (570?€X 1.6583 - 1.5842) Shy = 36.24 Qo Edl 
State 2s is fixed by р, amel Szs>S, © Х,, = CS2s-S$)/Spo = (1.5842 -0.4113)/ 1.2416 
= 0.94 41. Therefove v, = hgt Xes Mga = 250.24 +(.9441) (424.2) 21122.8 ullo. 
Tua 1306.6 - 1174.4 
1306.6 ~ 1122.8 
Now, from Eq. (4) 





Y = 0.719 (71.9 >) а 


t 


_ (1306.6- 174.4) 
Ji (13 06.6 - 1114.4 Y- C320Y (1.5842. - 1.6584 ) ^ 919? (18.595) 4 — —— € 
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PROBLEMA У] лоо ( Cowie.) 


(b) The data for the vequwed plots ave oblawmed using IT, as follows: 


IT Code 


p1 = 400 // Ibf/in.? 
T12600 // °F 

x2 = 1.0 

p2 = 50 // Ibf/in.? 
To = 60 + 460 //*R 


h1 = h_PT("Water/Steam", p1, Т1) 
51 = $ PT('Water/Steam", p1, T1) 
h2 = hsat_Px("Water/Steam", p2, x2) 
52 = ssat_Px("Water/Steam”, p2, x2) 
s2s = s Ph("Water/Steam", p2, h2s) 
525 = s1 


Ed = To * ($2 - $1) 
eta = (h1 - h2) / (h1 - h2s) 
eff = (h1 - h2) / ((h1 - N2) - To * (51 -s2)) 


PLOTS 


200 
180 
160 
140 
120 
100 
80 
60 
40 
20 


(E Jl fn) (Btulb) 


0 10 20 30 40 
рә (Ibf/in.2) 


50 


Efficiency (%) 


IT Results for p; = 50 Ibf/in.? 
hı = 1306 Btu/lb 

h2 = 1174 Btu/lb 

has = 1123 Btu/lb 

sı = 1.589 Btu/Ib-^R 

sz = 1.659 Btu/Ib- ^R 

525 = 1.589 Btu/Ib-°R 


Eq /m = 36.26 


nı = 0.719 (71.9%) 
є = 0.7847 (78.47%) 


—*— isentropic efficiency 
—8— exergetic efficiency 





0 10 20 30 40 50 
рә (Ibf/in.2) 


AS expected , increased efficiency covfesponds with decreased CXCVGY deskuchon - 
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PROBLEM 7.10| 


Known: Steady- State operahag data are provided for a Steam turbine. 
FID: Plot versus tho Steam quality at the turbine ent (a) tha power 
developed and fale of exergy de shuc h' na) Cach per vuna mass of Steaw flowing 
(0) icen vopice turbine eff utne] ‚©) Kerge hic tur hine efficiency. 


SCHIMATIC GIVEN DATA? 
س‎ — —— ASSUMPTIONS: 


The Con моі volume S3 Koum in +r‏ .)ا 
Schematra tS at Steady State.‏ 






T l | 
{ол О 
0-blb$/in> For the Con tol voto j су ر‎ 
Sat. Vapor ! And kinetic and poteahod _ 
ерт 1 F, =0,6 lof lin® tnergy effects are negligible. 
a P === 
iat 25 2 3. = 520°, „= latm. 


5 


AmALY ILS". Reducing wast, energy ر‎ and entvony balances qı ves 


Wer М-м U) and E4 r= To( 52-50) С?) 
v^ w^ м^ 


h, and 5, ore fixe ё by Р, у Saturated vapor. Wa and $2 ave {хеч bq ر۴2‎ <2. Using E7.6-48, 


(3) Nt = mu where Vas cs fixed °ч Pa, 52=5). Than, with E4. 742 


(4) Єз Wev |м 2 (ni - hr) 
ен- CE 2 Ch, -)-7 To (31-82) 





Samp. calceualatin: Уз. 20:81. From Tha А - 36 hiz 1205.5 BW/ ib, З, = 1. 48568 kuj Ip. оК, 
маз Apt Yu hog = 53.27 + 0.81( 045.4) 2.900 . &/[b6, Sy = SQ Ya Seq = 0.1028 OYILE) 
= 1.6568 Brw/[p.9- . wit Szs >S, ر‎ 


peu Sepa se, 9050-94021 so. Fa! D hes = 53.874 -RUCA ) = 807 BH lb 
з 3q- Se i y 4004 


Then, wa get Seow Еа. CI); (2), (3), and (4) pAsspechvely 
Wey _ (j206.¢- 900) = 305.5 Riv//o , Ei. S2o( OSCR — |-4856) = 84 В//% 
vÀ wa 


My > (25 _ Зоб 30,767 (1094) єє L2. . 2221 2. 773 (77.3%) 
195.5- 801 34.3 d 3e3.9 + 34 3972.57 


Daka. required о ta plot | | La 
e UN. XT code: plot* on tha next page are obtained With t 


IT Code 

р1 = 400 // Ibf/in.? 
х1 = 1 

p2 = 0.6 // Ibf/in.? 
х2 = 0.81 


To = 60 + 460 //°R 

IT Results for x; = 0.81 
h1 = hsat Px("Water/Steam", p1, x1) - 
51 = ssat Px("Water/Steam", p1, x1) E E 599.8 ВШЉЬ 
h2 = hsat_Px("Water/Steam", p2, х2) ч = 806.6 Btullb 
52 = ssat Px("Water/Steam", p2, x2) — 1 485 Btu/Ib-*R 
525 = s Ph("Water/Steam", p2, h2s) E = 1.656 Btu/lb.^R 


$25 = s1 | 

Ws /m = 305.5 Btu/lb 
Wev = h1 - h2 | — 
Ed = To * (s2 - 81) E4/m = 88.97 Btu/lb 
eta = Усу / (h1 - N25) g = 0.7744 (77.44%) 
eff = Wcv / ((h1 - h2) - To * (s1 - s2)) nt = 0.7662 (76.62%) 
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PROBLEM 4.101 (Contd.) 


PLOTS ; 


400 
300 
200 


100 


Energy or Exergy rate (Btu/lb) 





X2 


Efiiciency (96) 





0.75 0.8 0.85 0.9 0.95 1 


X2 


As expected, increased exergy destruchen corresponds wit decreased 
power out pub gud елемш. 


|l. In this case ha NuUmerrcetd Value! of 6 and Vit fo Cach X2 
O^ neari tHe Law, beo Huir S vot observed deere 
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PROBLEM 7.102. 
KNOWN: S teady - State operating datea Гү Provided fw a turbine through 
uuch arson òs ex Pand'ng , 
F/D; Plot versus the turbine ех temperature, the power developed, 
[e AX € er; cle: Мис тол, The exers eh turbine effrevency, 


SCHEMATIC & GIVEN DATA: ASSUMPTIONS: 
L The control volume Shown in 
iz - м. [Mo power the schamath'c iS at Steady Stat, 
ARGON 2 | 6.35M f£ : 
ج‎ Cw 2. For the contol Voluune, Rey = о, 


And tiae hc and poten had energy 
effects are negl gille 








t 
t 
{ 
l 


2 oc, _ 
тарны t iod 3. Ре ох rs иод е [еї an an ide 
1” | ` _ | 
м 20.5 (69 OTe $ jaf ош”, +. Cp = 3. R CTablea 21). 
S 


^. To= 243 К, Pez Iber. 


AWMAL‘TSI\S: Reducing лл ) energy ) and e ^ tvop4 balances to getlor ws fh 
дее» qas умло dat ла le сулс fw cp Constant 


Y Ф ы ` • М “Ta x 
Wey 2 € Chu - ha) = wh Cp (Ta - т, ) | Ej = boy, = m (5. -5,) = кте | Cpe Ж- к Be | 
= WASRY)Un-T) су ARR 252 ] (2) 
- Wev Wev 2 Wev (3) 


m Les- ef) а (и-и - TCS, -S2)) Wey + Ea 


ОЮ Serve +hat Tr Can range Cc new Т $ ) corresponding fo an iSentropi'c ex pan 1r m, 


te hT, ) Corretper dvo to wo power developed. lotr 64.6.45 тъз=т, (ару 


2 R > —\®. 
Using £4. 3-4 Fa, = =k = — 0.4 . Twas, Ты: ок 2-3) 1. 634 K. хо, 
34K < т. < 1273 К. 


The data For thae p lots on tha naxt page are obtained Using IT 
as follows: | 


IT Code 

p1 = 2 // MPa 

Т1 = 1000 + 273 //K 
p2=0.35 //MPa 

Т2 = 1273 //K 

То = 20 + 273 //K 
mdot = 0.5 // КО/$ 
ср= 2.5 * К 


IT Results 
К = 8.314 / 39.94 // kJ/kg-K 
for Т = 634 К: For T; = 1273 К: 
Wdot = mdot * cp * (T1 - Т2) М, = 166.3 KW WW 80 
delta s = cp * In(T2/ T1) - R* In(p2 / p1) M 
Edot = To * mdot * delta s Eq 0 Ej = 93.15 kW 
eff = Wdot / (Wdot + Edot) e = 1 (100%) g=0 
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PROSCEM 1.102 (Cont'd, ) 


PLOTS ° 


Energy or exergy rate (KW) 


e (76) 


A ы کے کے‎ 
NS A б) oc 
O o0 © 


100 


80 
60 
40 
20 





600 700 800 900 1000 1100 1200 1300 


Т2 (К) 
100 
80 
60 
40 
20 
0 

600 700 800 900 1000 1100 1200 1300 
Т2 (К) 


-uS 


PROBLEM 74.103 


е Operahing data are provided for a steam turbine operating at steady 


$ trom which steam is extracted ata specified state and flow rate. Heat 
transfer between the turbine амд ik Surround? 


hes occurs ak a given avevase 
surface temperature , aud Vg. power output IS ° known. 


BND: a) Perform а full accounting of the net exergy supplied by the skan. 
(b) Devise and evaluate an е xe vgetic et^ clency 


SCHEMATIC $ GIVEN DATA: aê Ы. 


P2400 Ши? os 
T, 00°F 







| Wy 4156he 

ASSUMPTLONS : (1) The control volume shown 
iS ar steady ceze (2) Kinetic and potential 
enevgy effects co^ be ignored. (3) For the E 
Ruvironment, T, * 77°F = 537°R, p= lam. le pez lef 

= bo al э in, = 

n. = б. 
T= 300°F хз On 


м2 25000 ШІМ 
AN ААМ] Ф\ 9: AF heady pede, a mass vate balance vends : О = №, -ma Mga , or 
бу? mom: 105. 25,006 275,000 Will. 
With assuwphions | aud 2, an energy rate balance reduced to 
O > Qey Wey + à, - wal wg Из > Quy? Wy mh маи, sls 


From Table A-4& , In, = 130b.6 Bhu/ ll ; ha > u81-2 bhw lb, $,2:1.$8a2 р/р. 22, amal 
$,7 1.0446 Ol /M. oe. With data from Table A- 3€ 


hg? hg + х, hea, = 94.02 + (4 ) (1022.1) = 10134 6-4 lL 


557 + X4 Meg SONS (4) (1.74468) = 171453 8/lb R 
Luserhng values inl Yhe expression for Qov 


545 Фү, 
Qu, > (4150 p) eas M - (10? ley 130.0 G + (25 002)(11 81.4) +(75000)(1013,9) 
P 


= - 2.5025 x10” BMI 
Mso, Wey =0130)(2545) = 2.4814 xo gil. 


©) With Yhese grelimainary values determined we hivn to he exergy acco whig . he 
net exenqy эч ед is | 


wet ar) 
C Supplied 


Ep 7 Bp Ep, > M есм. е-е: 


m, [OW И) - Tol 5-565) - ea ОК) -To (54° 50] 
- м^. ЕСА, 6) -ToC 5, -$6 | 
om hy oU rA, — To (wi, 5,7 4 54 - وکوا‎ ( 


wore Ye indicated tevms cancel when he mass Volowce is applied. 
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PROBLEM 4.103 (Cont'd. ) 


CXEVG s) 


Supplied. Р (108) |“ (306.6) ~ (625) (41 O14) - 675)( 1013.9) - (537) $01) (1.5842 


— (62590 1.0496) - C15) 1.74 537} | 
= 321 7x10 МАГА 


The rake exergy is cavrted ext wih heat transfer is 
E aji- To A =|). 52 53 = 4 
q (i TL 1 1а, 41 ( zi |(2.5e25xio )z5q47x0' Bla/k 
The гаће eR exergy deshuctiw 15 found from an exergy vade. balance 
© = Li- X] Gw m [Wey pF | «ve; ^ W^. Ec RTT Es 


€ B (Ex, “Абл - mr, 2 Wer ~ Eg 


ov 


= 3.211 x10 = 2,4814 Xo! — 5.47 хо 27. 2a6xi0* Blu/h 
Exergy Accombug Summary 


het exevou _ 4 Bla : 
Supplied - 3.217 (О ore ( loo o exevq 9 
& CC Ot AT 


T н УЕ Аа 
e. Power owtpuk = 2.4 ё14хо7 (77.1%) 
*tramler out R 4 e| 

we weak woude 5.97K0% ( 0.2 le) 


“Crem destroyed = 7.246m0° (22.1%) 

) M 2.217 ло Croo?) 

СЬ) AN exergetic efficiency uA +he form (clesired output / лр) takes He (orm 
Є = Nu . 2.481407 


= Om C7115) a € 
net — 3.217 xto' ( ۵ 
Supplied 


^ 
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PROBLEM 7.104 


ENOWN: Steady-state operating data are provided for an air compres sor: 
FInd". (a) Perform o full exergy accoun tins o f tte power лр Ж, lo) 
evaloeste bha exevrgetc efiicen C4. 

——— ЗО 


AS SUMPTOCASS:! 


1. The control Volume Shown ги the rchomahc is 








! 
бу ! @) | at Stead ч State. | i 
: — 2. Neglect theattect of potenhet energy, Go, 70. 
diio % طا دود‎ 3. Ane is wedeled as an Чед gat. 
Ti: SOF p TL» 260°F 4. To= 500%, Pe > 14-7 lof lin? 
س‎ 
М зей $2» 30 ft/s 


Ave xL TSIS (а) At Stead 





y State, mass and enersy rate balances reduce FO ive. 





Y t 
Ney = М-М + м - (121. 82$ - 1722.34) Bh, (200 ff|s). - (s soft s) | | lbf l gi 
Е 2. tb 2. agis [778 4¢ 
--Sa.1G Bh lb 


Mass and entropy balances лао са to j< Еа = To Gey =) Ea] ^ = ToCss-$,) - 
ov^ 


: - б. — 1.436 4, SO] = 
барм = To CS) -sT ) -R Do & J = Soo [0.63002 6-5873 19261.52] (b, 09 Bhs 


Ai Wand ° data are fran Tob A-22E. 


The wereate us exergy — arr fee lG} ù 91v G9 ба. 736 


1 е : 
652-65. М.-м, = 10-5) 8 G^ -VA = CH) - ы) 
"^ Ба - 10.0% = 4207 В 


C xeceq Balance Sheet ( umt mass loa (s ) 
° Ex arsy гарод — power 
А ^ لومم ء؛‎ head £t ex nya 


= Increase (A nergy عم ر‎ air 42.0F B ^» lb 
- Exavsy da chro quu 


& 2.1 Rullo 


(OFA) a. 





(0-04 Bhlo 4-3% ) P 
\ 
i 
(o) wth Е. 7. 43 | 
) 
€= ©ё+ъ-©+! . 42.07 - о. 803 ! 
(^и | ) 52.16 / 
/ 
This Value Can ka Seen bo inspection of the enersy balance ~ 
Sheet 2 part (a), 
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PROBLEM 1.10 5% 


KNOWN: The stades at he inlet amd exit ef an air compessoc operating 
cht stec 


stałe are known. The compessor power amd +he avevase 
Suv face. 


v pero Tc ve. for heat transfer from yhe Compress oc +o Go 
surrounding are also specif ied. 


EuD: (O Perform a fll exergy accounting of Wae power input.) Devise 
aud evaluate an exenaetic efficiency. (3) Determike he hourly cesis of 
each екехач quantity : | 


SCHEMATIC 4 GIVEN DATS: 







Oey 
Ty = ©0°C = 333K 
air ea 
мА = (4Ş0 l9 /k -0.SS lq /$ — Р. = (0 bc. 
P=! bar 


Tz = тос°С 2473 K 
Ti 225 oc = 7968 ik 
Assumptions : 0) The control volume shown ts at stea stale (2) For tbe 
covtvol Volume , kineke and goteuhial energy effects ave hes ‘qible. The aw 
IS modeled as am ideal gas .@ For Wa environment, To= 25 °c. = 258 К, pE | bar. 
ANALYSIS : (e) First, we determine the hear trauffer rate Using mass auel 
ENNA rate balamces : V^, = WA. ZW and 0 = су Wey + vac h,-h-) 


333 


Gu? Wut ™ (ha-ha) = 160 kw + 0.853. ус 178,32. - 298.18) 2 neo 
S 
= (2.51 kW 
Exergy tranfer out wit heat 
exergy eat\ 4 A- Te ^... 228 _ 
gee ` ( To ) aw) = (1 ) (6257) Б 6.59 kw 


Net flow exergy imcrease of аг. 


Ep,- Е; = h (Cha bh) ~ To (s2-S,) | 
= үл [c h, - V, y- To (S$°CT2) - SCT [2 ДАА Pe/p,)| 


(05543 \(( Ч1$‹Ъз--248.в)-(2#8 Ю)( 2.16.51 - 1.69528 ر‎ 
Tr ee ee one 
T 2841 kK Lan SA = 22195 kW 
Exeyau destroyed | 
Using an exergy vate balance 


O=(I- BY Aw wu + м (е-е) ¬ Ед 


p 


Ea * (1- x = Wey + "^ Ceci e) 


(-G.5€Y— (-(60) + (“127% IS) = 2021 kw 
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PROBLEM 4.105 (Cont'd. ) 


Exergy Accouuhng Summary, 
Input 
Power = 


[оО KW С 100%) 
Outout avd Destructon 


{оо кедщ = (24,15 kw С 30.12 “o 


heat хоме ег = 





exergy 
6.58 kw CAI %) 


accounting 


Exergy destroyed = 24:21 kw) (547 To) _ 
„о kW Cleo *(o) 


(Ь) Pets NN exevgeltc efCicrency tu teams of (desred ovp / input) 
wet flow exergy 








At J S 
Сз werease off aw „ L2 29 0012 (90,727 " 
power корм (оо ( 2 "=== 
(c) If +he exero cost Соје is d 6.08 / kwh 
hourly cosh “| =f 3 = 
| i و‎ (о kw) Ct l (0.08 | X. 12.80 [0 
hour cost et | А 
еби e due | = ( („59 kw)(i h)(o.08 Я |) “45.53 [V - 4 
40 obtuse] си). 





Cost of exergy 


А | $ _ 
destruction ) (24.32 kw) (bk) (0.08 cr) = 4 (ач, 
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Ргов. Ем #106 


Known: Steady-State operating data i. provided for a counterflow hest 
exchanger having air flowing on bota Sides. 


FIND: De rnwre(G) T^s nate of ex 9r$y dechvuch'a ) (6 )-the exer; ete е{ {се ел чу 
quen na Es. 7.45. 


SCHIMATIC d GIVTN DATA 







а-а State TOR) pdbtlinr) 
№ = i Зоо ile 
\ 
— 2 uss i4 1 
SSS SS SS. t s 4 i000 5D 


ASiytpTrolot: l- The contol Volume Shown th Hla Schomatre гг af Steady 

State. 2. For the Ces ol volume, Qey = Wey =O, and Ici ус and poete 

energy effects ore neye ote. $. Ar Û medeled an an deal gas. E "5 S20fF, 

P= (4 lof fine 

AwAcrsis: Mass and ene Sy cak balances educe tu jive ۵ eu defen + ا‎ (hi-ha ) em Cn). 
> o = hi-ho) + Gig- SN). With data Fron. TA 4-22 Е, hz 31LISBh//b, h> 274. $g Bhy/o , 
hy = 204.01 Bk/ lh) hy = 240.98 Gh/lh. Those values check the Energy balance, indicating 
that the given stale data are consistent with te сөм serva ium 0) mass and energy 


prn ciples. 
Re dw cins an exergy AK balante at Steady state 


э. s . „о - 
о = ? 1; = JQ) Жї + (е-е) + м е{з- еру] — Ed 
5 Ј 
2) Ea = Си, ¬ ^ - TolS, -93) | m C پا ما۔ چ ا‎ - To ($4 -Sy4)) 
ina 


Mo- m) + (hg-hq)] + 7 [6527532 + C94 -53)) 
=O 
o - R bn fa 
Ty | (sC: - s) - R b ) (5 (Te) - sC | - F P 1] 


u 


ч 


( 
UA 86 4.7 
взо°е [ b FBLES - о. 9*8 - 486 5 1477 Bho 4 


2.8.47 1© 4%. orc 
-ouy - L186 SD 18 
[0.1542 — 6.31033 — ы کد‎ | mu 


= szo| —0.024324 0.O S29 1 ) = [$67 Bh/lh чар £j: 62 B^ — 


(b) The exrergehic e сеи еа sve be Ee TT ә 


ау es mier mesa) = (naha) uy) , | tole 0219] 
w Cer - eg) (hı - ka) —o(5*-$2) (316.47 ^ 2+1.) $10 (0.02*31) 





2040375 2 9.30% — G4) — 
ay. *?4 





[————————————————————————— 
|l. T accord wrth the dascosscoA of €4.7. VY, both Streams are at Top era iode) 
Above To. 
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ж 
PROBLEM 4.10% 


KNOWN: Steady state operating data ave vovided for a counter Clous 
heat exchanger Yhrovah whith oil and water flow in separate streams. 

вА: Determine Ca) the mass flow vrake of Me water, Ch) the 
exevaetic efficiency given by Ре. 745, (c) the hourly cost ef exergy 
Aestructien . 

SCHEMATIC d GIVEN) DATA: 


Gisgo 2 р — 


т, 2 012 oil : c, 0,4 Rha /Ib *fe. 


озш, Mp 3000 И 







water; تي“‎ (.00 Btu /lb * 


water 


RSR 3, T4 = SSo?p. 


= т ——— ч ae “= чш че; чинк = we чу ë 


ASSUMP TIONS: (1) The control Volume thown (€ the accompany ing f$ ure гт at 
steady tta te, (2) Dey TO and ^e affects of kine he and Poten ha f «нез 
Can be ignored. (3) The ort and water Can ench be regarded as inComprets. 
ible witan сом end Spee Ке heats Co and © respect vely, and neg ligrb/e change 
in рие таге in flowing through the heat exchanger, (4) forthe environment 
To= (O°F Por lade, (S) €*evóu n valued ox Bd per к.А. 


АХАМ 515: (a) At steady state, mass rate balances reduce to дуе, W,= và. x Me 
aud Мл * V4 & My. МАЛУМ assumphons | and 2, an energy balance gives 
О = @„‚- Wey + wa, Ch -Ua + "mu ( lh 3-4) > О = Mo eo CT, -Tz) + Mulo C T57T4) 
lw writing the last express tt. , ея. 3.20 b was Used together wel assumph ом, 
3 Xo evoluake the ем Имр Chances . Solving fec Ww 


"lw C CT, Ta) _ 1000 (очо) (140 - S0) 
Must IN Cw CTq-Tz) — W (оо) (SS0-S10) 


-Qu60 lb / "us 


ai ———————- ——- 


Cb) The exevs etu efficiency iS, with Eq. 6.2.4 
ea Wulp Ses) vu Sy Гетта) - Tolu CTS T31 
© Mol Ef,- Фа) Wo & [on — Te u Cr 71 
_ (400) (1.00) (SS0 -520) – (S20) (n (550/520)] - 


(3000) (4s) [ (790 - 590) — (Svo) {м (140/ so) ) 


OS1.4 Вии 
Е = — = 0.183 (0.9297,) 








(c) The vate ef exergy destruch 15 ااه‎ US Олл exergy rake 
balance, as follows: 


: "e А Т S 
О = [Ж]; — су + Wo Сес -e¢,) фуу, €) eS €c«) = d 


l Ba = Ceg- ey ma Cen ep.) 


WM valug from above , Ey = 08058,1 -8,051.4 (50,006. 1%. Thus 


houria f [kw 4 . 
( неча) = ( (0,000.7 Za) эч гу Е (0.08 kwh =$ КУА — 4 


l. X^ accord woth tha Әсе го (л of Е4: 7. S, both Streams: are at 
tempera tures > To. 
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PROBLEM 7108 


К лоим: Steady = stat operah'n§ data are Prov ded fer 
water over which com bushim gases Foul 


FIND: De lynne (a) tha mais Llow nate 


bole r tubes ‚кеч N ^3 


of the combush'om Jasey 
Co) t^ лайл 4 — r. deshruch'™, CC) +h. eX 9 es e rc ef ici es €4.7. 4s 
SCHEMATIC 2 GIVEN DATA: 





1+@ d gne с ee Dg 1213406 
5x8 ir 
Water 
u Же; 
2,8 ME. О Ta4s240*C 
Tze ISOC hg = 1004/5 Ра 2 Р, 


ASSUMPTIONS’ (0) The control volume 


Shown fn the ACCOM pany ги б re 
u at steady state with Qe,20 and 


negligible — Kinedve and potential 

energy affects, (2) The Combush'on gases are modeled as atr аз an «deal 941. 
G) There is ^e 174и, Fed change tn pressure for either Stream as t 
Pastes from Inlet to evt. (4) Por the environment, 1=24ФК, fos lat. 


AMAL Sis; At Steady state mars rate balances give My = ma and мз = и 4, An 
en ergy vale balance reduces wrth assumption f te ауе 
0 о : 
Ox Q4 OM, + S Chih) + )و‎ Hau) Mts Don 
With data from Tables А-2 and 4-4, haz 2429367 fey ond hys hee): 632.2 


Table A-22 gives W = INNX.GNI|kS у М, = 43.98 к/к. 


; 2923.3 -6322 ) 2246.1 4 
=» "з (es 2) Los e - zx] Mes L 543-61. 7 MES l5 





The exergy rate balance ^»docer at Steady State do sive 

E, = ALE- е, 1] +з (ез - ery | = i [б.- иг j= To 65, ^f, )) + وا‎ (+e) 5.65; (4؟-‎ 
l ‚ о 
E = = м<, BCS) ~S) -g Im A) + (Oig) 05-51) 


With S dele fon Table 4-22, Sa Фу (Туу Wan Table A-t and 54 far Тре A-4 


E43, nej 6142 — 248(3.30059 - 2.74504) + ( -2296.1 = 248 (LE4IP- 7. 0033) ] 
= M 


- 3| 43.32) + [-757 92] = 8434) Е: >  EQ- &.азакго% кд — 


€ = ving (еч -ё{з) z E ONSA (4.9%) — 
vw. (epi ef) 293 (431-3) 


L Iw accord with the Чесс сеги o £ E4. FE, hefa s reais are at 
Jdeupeyatures above T. 
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PROBLEM 7.1049 
Koc A2: S teady- S tate operating data are provided fer bo sley-tub-es 
Carraans water over wich combustion gases flow. 


Fb. Deternune la) the exit Hewpera ture of +h com й uf h' ол gafes 
(o) the ^5 ex 2734 чег тос ил ra 









Cc) tho txergefic е “Cen i ven e, £9. 7 ¥$ 
SCHT MATIC Clvtn "DATA: ы d | em 17? " í ái 
а AIR ASSUMPTIONS: 
T : \ T= l- The Control Volume Slocum С at steady state, 
PvP 2 2700°R 2. Prt Corhol volums Qey 2 O, and 
Sat. tg. t Tq =1400°F — in poten hat Bede? J i at al 
бю TT? PN ^P i abd 


3. Tw» Combush m gases are, led ај air 
که‎ an ident ас, 
4, There œ ho sis ‘cout Change ыл Pressure 
fw exten Str eam. 

€. ъ= $30°R, Po = lah. 
: fussy ^. oa lances 
26, ; 
o = AG کنر‎ eh Cn hi) з ) وط‎ hy) Чу he = by + = (h3-hy) 


wh data ku~ ТДА A-22Eand Tables 4-35 46 


m, = {м3 Y co Ie] A 
илз = 1.410% (o/h 


APMALTIIS (0) Па das cin mats and 


аз Kot 


hy = F20-73 + e а Л S71.7- I230-7)- 577.14 89^-]]b . Таре К ^$ e TLA- 
Ta = 2259°К. س‎ | 


(p) Ths rate of ex 9r$ y deg lvvctio^ о olotw ed. uring ^^ ex +753 ^X lo^ lamen. , 
и КА СА Asela ca. ty y" 


Eq = "Les - eg. | T mL eg - еч) 
zw E Geka) -To (5, Аъ) e و‎ Ls e) 770 $3 -5«)] 


o 
= my lh, - hz) -Tol se- sS = an (J + м з ((из-иҹ) -mP (33-54) J 
a 
Төө ^4 Тоа dato 


Ey = (1-1% ко? ]ل‎ G2o0.43 - $33.11) = S3o0(b 02349- 0.366 09) ] E m 


ba aa — А i. Bh. 
Cy xo te) | 7 430.7) — зо (o. 992-1262] BE 


_ | + (кч 470%) [ 7354 — (- $24.15) ] 
(14367) L a = 42 ] "29.85 
143. 


۹۱ — ê вк. 


O (O (o; ha £4 FT and рио ced cuda dt V alunos 


m.( C4) 242.) |. 2 ауто 4 


|. Хи accord with ә ААС сг 
| simn « Es. .4 S 
above To. | f 1 ) поі sireams are at € ep ofa імла 
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PeoRLEM яи O 


KNOWN : S leu State operating data orm providad for a drect- contact 
heat exchanger. 


FIND; Deternune G) the cate q destruch оул per unit mass exihn С ne 
* ` 5 
exergehc e Harien cy a ven bs Es: 7. tT. | а 










| КЕТ 
Тз, | bar 


ue: WC, 
Бае 


Lia.s (°C 
{ bac ym —— — 


ASSUMPTIONS: C1) The Control Мобомла phown w th. fig ue re at 
Stead, State. (2) Fete Cm hol voltuws, (leo =O), Wey =O), ‘and 
Eigen utes he © ey effecti en be мехо, (3) For the 
ex ero g— referenc 2nvirou men "7; a! 15°С. e — bac 
/ 97 А 


АА: Mass ond Cur, Ah balane Natu со Xs qe 
os i hit h 
om T араа m ls — мз = Заб 


pæ 
CR SR OE fem, Towa А-2 у Wx ECT) 
2 


_ 301. + 62.89 _ lex 
иест 
ب‎ Teau АЫ gives Ta x 55 °С 


Tn b lath AA. | 
Г s, % 0,707۹ kJ/kg: К 


The fate of exergy desktucfmi Ed = lo Tey, whew Tey = M3 Sa = (е3) 51 -(23)5 | 








werh S v Sr (т)‏ ومسا 
0.2295 1.25004 
à fs = стаз] zoek [eter - (E )]‏ 
— — 
kJ/kg ——‏ $827 = 


bpp yns € 4 7. €) 


^ Lern -es2] бул ~ ha) Tol $3 = £) (230.48 - 6248) - 296 (0.1019 -o TUS) 
es ا > سن‎ © - 230.8 - $00 ~ 0.1019 
м Eep- ез) Q 1-43) -P( 2-12) (залао – 230.4g)- 28 (1.150 3 


16,29 Кула _ (38,4%) iino c Le 
264 ЕЎ/ 9 = 0.384. 


PROBLEM 7/1] 


KNOWN: Steady-State operating data are provided for a со ип ее {оа 
heat exchanger. 


FInd: (a) SKetch thevariation ef tha Femperature of each Shreove wah 
ia peertion. Locate To. Ch) Deternuine tha ra te of e5 4 destru еф сл. С) 
De vise and evalua te an exer get effracen e. 

SCHEMATIC LGN DATA: 


AT t 
3 The exergy o 
sat vopor Р к. NC M: the air mmereales 
hs -2o*C Re 
T3 = 300K Desista 
Pa a llbar 
мз ФЕ9/5 т Dead s tate 






he erergy of 
bn RIAA decreases 








s 

ASSUMPTIONS: L. The сом м0 volume Shown in + Фс € o улер ^aa tke t el 
ic at Steady state. 2. Һм the con bol VOlUms, Qcv =o, and kihehe and 
potent ot Cn ergy aftects Can be 'q ne red. 2.Аіг w modeled as au (deo gas. 
4. Т> Зоок , Pz \ bar. 
ANALYSIS) The re fyi gerant mass flour rake v required fv parts Cb), cc). 
Ro du ex ^s ила 5.5 Gnd enersy rate loa lances, 


„о „© К А 
Озү -убу + mal] mg [hg-hy] ¥ with data far Toe: А-0, А-а 
dies измама] _ (ак) [300-14 - 200.09] 9/85 _ 


Chi-hy) [ 23531 = 98.13] FIK» 
^. = 4.264 оз (шо) | 


Cb) The (ake of еже ғ dertvoctho, can be cle tornmuned by Aduana an eve rge 
rele bul anca ` 1 i J id 





VT ks/s 


о о А 
T Xp Ss; -y + lenea] а Аз Сеа en) -64 
22 Eye ov S chu) -$3)] + وما‎ Chg- hy- o G3 £4)) " 
= hı LO ta d= бю 50) A EU Wh (<, -sa Rs А, ) 1 


0.0496 +.35°(0.4332-0-0 496) ] 
=м | (98.13 — 238.31) -зоо( 0.3414 - 6.4532) ] + 4] 30044- 2c0.03- 300 (140203 „5з уч] 


- \@24-0F) + С-и. 6) (69 | ies: = 1+.8 № — 


(с Since lw aie ш brought фе am tan dead stalie T9 a Lower Н otro hive, 
AS OH егеу iv C € o-2472 wore (лесе. Ths she y tee RIBGaA & loco e yt m 
Closer іо f, dead VAS , гу US LRyergy decreases. This з см Ёки 5 
Co\culahm “ port (eo) tat Shore | 
“al esq — €43) = +li-86RW ر‎ m | ( ?54.- en )= 2294.6 T xw 
Thus, tre coldar refrigerant prov’ des ha (X9 7$ 7 qe o thar trans {erv ed | 
fo + are or d, ; Yo مي‎ d 64 irre vat BD 7. hes сг іка f Сол fro | vo luwas, 


» .go (40.394) 
=> €> m3 (fps ess) _ (L8 . > 0.403 M 
© va l eh — epo) 24 67 
|. Sin the streams оге cack belowe "To, +ид5 ex cS On 5 farmulated 


differently than E977 V5, ممایں‎ c ہا‎ f € ja vds +h, Cold Stream 4o receiving RN 2А 94 
nm the het Stream. Nare, the posihons are reversed. 
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PROBLEM 7II2. 
KNOWN: Steady-State opera bing data are provided for tuo turbine Stages 
Qnd an in berconnecth'ng heat Cxchmaer. 


FID: Detertrine the ex ergere effravencces Of the tuo turbines and 
the host x climger. 


SeRT MATIC & CIVA DATA: See frg. ° 4. ےج‎ . ALSO, ace Problem 7, SY оноу” data. 
ASSUMPTIONS: 1. See solutos fo Packs, + 22,6. Gy FEY.2 /,4- 300 I<, Р, = ! ber. 
ANALYSIS: Free tho solute to )راع‎ e na 784 


(Eada, = 458.1, (Еа), 883. cio, (J qx = 944 5\0 





with е 742, ` and invoking Phe C. $ ика yo ont foc ths furbi nes их thes Come 


€ = Wt We = Wg | 
w Сес еғг) “АС, - ha —T 5-11) W4 + Ed 





t ——©<=е — = 


Than, with Wet and Wer rov. AA £olo tv ^^ to Paroni en~ 4792. 





E,,= 192000 RW 0-913 (443%) |, gs SIO a qzy (92.5%) 
lû, 000 киля 958 | FW 10, Sto- FSS 
Eka 
With C4945 7. 45 7. a Et, 
€- me (e£s - Cte) z malet- e2 ) 
^$ (ess - е) м (ерз – ер) + Ed 
= wa V H3 - To (53-82) j сї) 
oe a MO MEER 


мъ мз-М„- Tu(S;-Sa) | + Ed 
with data Keina tre *olot ma То Paule uy 4.82 and 6 1257 


Wal S -h -To ($53-$а2 | = (28.2) 541.67 61.07 l 200 (6.426) 


= 4152.6 KW 
“Then | Tal) aves 
ыза EBL FU (83.9%) سه‎ 
4752-64 ۰5 


1-127 


PROBLEM #113 
KNOWN ` Steady- State operahng data are provided fur a Steam generator 
and laybwe. 
FIND: Deternwne the aera Ss efficiencies of tha S tram 9 €uera bor aud 
tur Осие. 
SCHEMATIC PCIVEN DATA: See solo ou; to Problems 4.83, 7. BF 
ASSum PTION $ : See assump hons listed for the tolutious to Problems 4133287 








ANALYSIS: (42,44 E4.242. | 
— — b ds ) and i n voc: A T ^4. An . í 
in thas case J — ph Ons for +e turbine 
: We _ Wt Е We 
i (Esz efa)  ®бъ-иуу-7156%-5ә)] Wea Ёд 


лее бис Values Ce an. tee Vol оћ ом Ao Paull еи 4. 83, 7.837 


. ls 
€+ = __Яоав бн - 0.*16 SiG € 
(9-09 + 2.05) Pius C o) : 


With Eqs. 744,7. j) and data fran +h. tolo es to Problem F 87 


Esg = кыны: " СЕ; - Éqa, ) - Êd = 441- АЗЕ Logs. &36% Jae Sse 
EfB-EfA (Etc - Ёл) 14.44 


` PROBLEM #14. 
known: Steady-State operating date are provided for a heat primp үз мА. 


FIND: Deterwnune thes wergehe efhuences of t^» Compression and condenser 
SEMO eee Бел See IEC 

ASSUMPTIONS! 1. San atsumphons listed for Cx«veples 6.8 and 6.14. 2. 62273K, 
Po= (бак, 

AMALY SIS: The eve rsedic e ffi cenae of tha compulior ы olo Ima ue d Using ah 
7.43 and data fara examples noted 








Ф €: Ul = ha-hy — To (5:-5,) _ | Са). | _ CBX 0. 38228 — 0.38 72) 
(-Wevjw ) ha -h, (ha -h) Gav. — 244.7) 
> 0.86 (84.6%) <q—_. 
Por condemnar, US е €4 , YS and data trou +n A amples note d 
€ - "ERR hb- hs -7n(se-sg)] 0.5 | 30.18€ - 493 (0.04%) ] 
7 es Е —— 
mret Û hı- bz - 7 ( 52-53) J 0-04 [ (29417 - 7305) — 273 (o. 422 — 0.238 L5] 
® = 0.84% (894%) 
1. Atternakvely , with data fra Era vea. 7.3 | 
Є - (-We )- Ed z Gew) ~ (ок) < о. У 
(-Wey) 311 RW 


1. This cel cele he c peas hve to sound gly . 
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PROBLEM 71157 


KNOWN ` Steady state operathins date. are Provided fo о. Comptrossor- 
and heat exchanger (YL Serres, 

FUND: Detewnuine deo Ак ergene е сеи cef of the Compressor~ 
and heat exchanger 

SCHEMATIC б tU?^) DATA: Lee tho scho mah'e from +he Solu hun To 
Paoblem 6.124. Algo See Problem 84 Selutim fordata. 

ASSUMPTIONS! l Хаа the Assumptrons [еч for (leu. G. (2 4. 

Z- To = зоок, Pa = 2 к Ёа . 


ДА ыт ї‹ї: ОМУ 64.742 and invoking he assuwph ons listed 








(uuo SH er) 4 “бз Tins], CWe)- Ed 
wey) (- v2 су) (lev) 

WIL values (vov the Solo ti^ to Probvlew 7. 81 

€ ce p 904 - 586 0.683 (88.3%) -4——— 

50.4 
With Eqs. T 44, 3.4. , and data була Tie Solu hv лд to Problem: 7. 84 
€ yy = et infe ые (0.46) Lo ogre (9.2% ) at —— 
(Egg - Eg A) + Ed (0.46) + 4.56 











PROBLEM 7.116 


KNOWN: S teady - Sto te opero ХУ ^9 date. are provided for a steav genera ton 
and turbe. 


PIN Dd. Delerucne the акем сес ed сел сех of the Steam genera for- 
avd har blue. 
Secom ae Leven Dal: Sae figs. Е 4410, ER 8. 


0= 1а , 


AMALTSIIS! With €49 1.41, 42 ) ana d اه‎ Ar nan C xawple 7. S 





Wey Wev 49,610 G v/v ^ 
— — —— — — — — 


€t = VP DEP — = : T = 
j Es E “су + Ea (48,004 о) Вила ON (74¥%) «— 


With E9. ЧЧ үг and data fron Example 7. 8 


Ess ENÊ „(Êy Êş) Ed geom ганә. отр (48%) 
Epi- Efe Egi- Ef2 ) ou 
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PROBLEM F NZ 


(5 


EN OwN: An expres on wu provided tor At, dotet4 cost race С, of az 
deyree 965 e. fu eoa of рле гг re “жор, Picha. 

F IND, (a) Sketch C vertus (Pi =P). (n) A+ th point A vr mum tote? 
Cost, deria ne fw percent coutwihvuh'oug of The 
Capi to and Op2ratny cost AX. 


ASSUMPTION , “The ta1 com ne. v a Vea Vy 


. - f^ 
Cz &«CR-R) + Ca Cp -PL) C1) 
es” — — — م‎ 
Capi hA operating 
Cast Сес 


VPE с, and Су ore Cw etu aS. 


АРАСТУ Ca) ce a. E4.C1) 







- ec 





С. Ммм NA 
ToTAL COST 
e Aer)? opera Код Cost 
са (A -£, ) еи 
P,- Pa 
* 43 | -4/3 
0) ӘС ..446(8-h) + ©; =0 > с CRR) = Сә 
ЎСР,-Р) 


ос ر‎ m arrange mnt, ah Иле point (Ver muse hohl cost 


— 
c, CP - P) з _ 3 Ca (Р-Р?) 
— — —— \ 
Сет: cost p- Cost 


uU o4 wordt, at- ttu's font Ate cepi h cost to ene fs, fOr 


Ж oT wst. ,مسال‎ оъ tre f! wu aa ма иа. thé cost ر‎ tr percent 
Ko AO Т, th. Або cost fo кр. 


fo operat ne to st 9$ A 
ojo ерге wst = 75% 


b For Fur ans we Sion, see ©. Sdevumeyer j FO phim uvm Ap and OT 


in Heet tec е мі Hy dro carbon Processing ‚ April, (442, 57- 56. 
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PROBLEM 77.118 
known: Heat trans far ana cost data are Prove ded for an electv cc 
boa tor heater. 
Pind: @)Deternune the cost of the heat Loss when +a outer surface 
TOvepece ture wS35 OR. Co) Plot cost о f heat foss versus outer Sur face 
tempera ture fonat; From S35 jo STO "e. 
SCHEMATIC < Givin DATA: 





ASSUMP TOMS. l Por the SYS trun Shown 
| 3 : | | 
y ou Te =528 in the (OUO DA 45 sc مہا‎ mathe, heat 
transfer occur: only at Ze. 
МА = UF Btu/h 2. Е [ес ее Cs evalwa ted at 
О. э, R 8 cente «w.h. 


З. 7= S28PR, 
ANALYSIS: kenrg Qg denok the rate of hast loss from th wa tor Water 
G,- halh- Te] Bho | Биеке ths dis cos stn of Sec. 7. 6. | Concerning 


coshing A Met (ost, and le Њи; Фіес туге t4 р! H~ nele 7 Ao» fuu, we 
get 


ы — 
* = ce | 1- Qe = Ce |! +; (^mUs- Te) Ct) 
(al when = S3S9R j the annual cost (24 865 em со 


#, (te [i | orem (Fee) | 927 


(b> Plot 


(€ M 


—— = 0.32 CP 
a E * lyar 





1.5 


Cost rate ($/year) 


0.5 


0 
535 540 545 550 555 560 565 570 


T; CR) 


|l. When considered over the Several — 1. Fe of sucha water 
hester, tha Uae aon i^ ful мд b laa to Aoce the ow l^ surface 
temperature is likey U ke mat. effechwe f~ the owner. 
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PROBLEM 7.119 


мош: Cost rate dats ore provided fr a syspm operat 


at- 
Steady state . The system geneva teo electricity at the rate We. PR 
totad cost cate vo 


nage? Se P Ct) 


sue | O uI ning anà 
Cost opere pang сезе 


a Дь „ъ= o ~ „> 


Where Ce J the vu} cost based on exer j Є = Ne / Ere, and C is a constant, 


FIND: (6) Derive an expression for Ce, {lhe umt Cost 9 elective based 


m We ر‎ In berms Y €, Ce/Ce, and C/CF. (b) For fixed €/CF , derive on 
ертеги for € Corresponding 1o ham mune Ce/Ce.(c) Plot Ce/Ce versur€ 
fec selected vatues of С/Се. 


For each C/CF , evaluate th ww ni muur value 


for Ce]Cp and 4а н € . 


ЗС Ө? MATIC A6ruz N DATA! ASSUMETIONST: DL “The sysH a~ مط ی‎ wn 


mths Aqure iS at Steady state. 

2. Ta E4. GC), Cand CF are constants. 
E lectvierty 3. Ea.) accomts for all уиски 
We, се Con wi buters to the tote’ Cost (ate. 





ANALYSIS: Ca) Seg eof with Es. C) , use Esp = “Је (є to obtaiy 


С, = ce [ 81 e Li] 6 = (Se. + с (5,7 ) We 


Tur, wit Cz Ce We ىا ر‎ ent ewst 4, = (ес буке hy vj 


| e 
€ = Є 


la) 
" 
fe t+E)( с) = «к ($2) 4——— 
zY 
: .( Leth Any pect to i 
(C) Fer fired v (= Clee), 4. ел ia hom of Eq Ca) ер € 


vee 


ee - є (-t) 
асе, ~ е hb" “Cee ل‎ | 
— | | 
ewe б i (1-е) 
Se Hing — and ш: 
| се) 
є (ire е 


which vo. The мода y € correspumding V A ME wx Ce(Cp whr~ 
¥ fixed. Using tras v ке кеш part 


Ce = (Y 
сеу = itty کا‎ 
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PROBLEM 74.119 (Cont'd ) 


PLOT : 
locus of points 
corresponding to 


(Се/ CF)min 


Ce / CF 


—e9— gamma = 0.25 
—^-— gamma = 1.0 
—*— gamma = 4.0 





The follow ing chart Vists values of Cce / Ср) mi, and the Cortes ponding 
values of € for $20.25, 1, 0444 : 
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PROBLEM 7 (2-©* 


= № OWA! Operatn and cost data are provided for а urbane, 
ope ra tna at steady state. 
FIND: a) Evaluate rhe vit cost h the Power developed. 
(b) usu cta fes Unit cett lated o^ exergy of ta. Sta wy 
Crm tt ug and exiting dts Wr brne J € ach uk сел" per lê 77 
ean How iA ' 
SCHEMATIC $ GUT DATA: 


W 290° ewh / yr 
Ё 5,0 гот / ur 


€ = 8S 9/6 
Bood | of opara h / yr 


N 





e, o. OIRR? [ ew. К 


ASTOMPTION 2 Thea Control volume Shou u tthe figure c at Steade Stake. 


e 


Boovr9$U, (оу Dy tis cest, Za. 7.52 rs Opplicat het 


Ce: SF + 2. Е [T нек Él «v. AY + + (SP хш tr «го? # lyr ) 


€ We 08S (qo? kw А | чк T 
ch = 2.42 Ceng -— 
twh 


= ( о.о?лчі 40:00278 ) # few. = 0.0241. 3 | ке 


d 
lh) R assump t б Asad € Є 7 Әс, +, one Umt yan 4: ug " 
hi, egt applies © Thr peak, at Ho inlet — hua- 


Aw иа Ж cost 4, gen w are pos SSe e Que A vwt ٩ nw tf hanis о 


She {ew s _ Cents 


per lbj ewter na 
arbire 


s һо 4. 
PP Luo Me Vado Qe, © regu 
"qw Sow x lu ممصا‎ d d J 4 5 





Wt os bn 
nn (eg-ep ) | 
m PETERE 


- Bh- . 
ез. = GUS UE a хешу eeN езу — [b 


Jr 


ко. ^ А |- 0.194 v 
3416 





ymt cork of steam; 3* є [.62. cent $63 a) 


— (b) agi hing the 
turbine 
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PROBLEM 7.121 
К косо А О pera tiva and cost data are provided Lor +bhe2 boiler of Rg. PZ i2/. 
Erb. Cay Deveton en ex лафта fa the vwt Cost, bated сл exergy 
of the Steam ihng the boiler. 
Ch) Using {к> Av v tt. 0| (а), deteynunr Hy Wut cost 4, fre 
exiting sttam vi centr pr eg 4 steau exiting the bes ler, 
сне мАТС 2 Guru DATA: 
ао аа 

Ce = E^] e E ес 





Combushm b rodvuets 


2 - Фа [А 
€ = 49, 


Sea ил fardw atey 
Ces (Зоок Veg 


Ws 3 & 6% yrotes/h 


ASSUMPTIONS: CC) The Control volume shown in th fure is at Steady fede. 
(a) “The cont rates оте Lead watr; combush m ро бо ech, and Wat Һам? la 


QAAR i (nore d. 


Anar{ s t. fo) oo ides assUmph m (21, Eqrahom FSOb is applicotte, 


Е{Е l | Е E 
з= ce (EE qom $ Cr ЄК p» d ——————— dx 
(n) Tu gari Ves 
Сїт _ Gea) sme) + D = E 4 M xl 
0.45 (6.09 Kot ke Kor ) Ip * kw.h 


= 0.0164 #[кш.һ 


Тил uw Cort 0 Mm & pa- ew. lA ^ exec) T b ang. Tt Cw laa але pros Seek 
On e par vwt — t 9 Stean, barts مه‎ Follows: 


vat cost | am \ ш (0.0104 3 (Зоо Ex) tat | = 0.00T 4 #/ ic 
eu ід ( Er ‚| 3690 €3 


pa- a | 
© = 0.54 2 P Co) 


(з Lo Ve Амраа d n. e Par 16 1 Seu. багт, Hao дво ААЛ 4 
part Ch} w 0.79% cents / [5 4 which Cceprerponds G ft. wnat Cost 4 tte 
Shea v^ eur nrg te. turbine е Pry bleu. 7120; Part). 
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PROBLEM 7.122 
kwow: S {teady ~S ta te opera hng and Cost dade are provided form a 


Cogenerathon System. 
EIND (ау Detleynune the nek, 
On ем exo etc Men entu, l d LL e (b) Devise and evaluate 
GENE Và locale He Unit cost, and La cost ra tes 
of the power and $ Fea nwo produced, each ON ди exergy bares | ^ 
SCHEMATIC 8. (оско DATA: ASSUMPTIONS: 
l- The соло Volume S hewn in 
Hue ўсе ила hic cs at £ fea dy stak. 
2. feedwater and combushanr arr 
enter with neq lı çı bl e Сом еу 
57 
Gud соў}. 
32. Combeshm producte ex: t wilh 
hes Lı şa bl e cost. 
д. Neat trans fy ute Hes Surroundings 
Cean be ishoved. 


M _ Cow 
Z= #1500k Рн — 





AN ACTUS. 

(a) At Stead State , T ey 4 (44 S. “The ел» Steam and puser 

rate AM OR эз حا :س‎ assumptions each hawt ft. Sa ме but 
Cost based om ergy. 


2 and M +o га 
Ej. Ese -Epp -Ep - We 
- Zo- S- IS -2S = Зу MW 


(ь) Re jording th. аги Steam and p owe v ao H- product qt 
System ans مط(‎ cow bush مت‎ Ce on a loss 


€: Eg +We .o0 ISA? =0.5 (99) سب‎ 
Ere 89 


4, ^ Cost pata balanca Ass Lo 


Сс) lor dh agsumpt ro a 
Than with assuwpn uL c E24 C We = CE Er t Z 


Soles fr A» vw cost و‎ Chea nn nnol (e ower 


сє Esp + 2 _ ef EsF zZz 








С — A + 
Ep24 We Ê £e CÈsz We] 
- SF + — 
€ [Ep 4We ) 
6.85 f/kWw:h | 4 » Y /воо/д — | n Е io cent енк 
"оч (15 329] MW | ikv 
Bar Cost fats Ove 4 " /l. 
| . تاع ي‎ ERA 24 20/],. -a— 
С c us (ea cot Mw)| ' fee || т torcents 
io ка 3 pw I3 | Š # 4osu/h <— 
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PROBLEM 7123 


к ло OWN: Steady -ste opera tina and cost data are Provided iA 
Example TIO for a cogeneration System, 
FEND: Talaina AN Overall сол Њо volume and réegardin the vwt 


Cost bated ma Same for thr Power and SHam 


Produced, е ots vw cost and Compare wo fu -FO values 
votained m Crample 7.10 
SCHEMATIC {GIVEN DATA: ASSUMPTIONS: 


Prodo cts l- Thre control Volum 5 








| مہا‎ алл 
Fuel m the Schemahc iS at Steady state, 
2. For t con bol Volume ,Qey =O, 
Egg 100 MW we;c 2. The бой Ал 
СЕ: (NS S feedwater and Combos 
ewk Air enfer with negligi ble 
Steam Kars у and cest. 
2= 1090+92 Feedwa ter Eso Ф. The cow bos how Predeoct are 
= #1172/h Sischaraed ыло Д cork. 
5. The exiting Skam and power each 
ANALYSIS: A cost rate balance Ad: Mave the same unt cost based 
К А ` в U^ exe ryg. | 
C We« C Eja = CF ESF +2 


=> C= Cr ЕЕ + 2 
We + Ef 


From ae Suh to Exawpie 7.10, We = l2. 23 MW, £42: 2.0.67 MW 


Qu © fw.) ( (ob Mw) | #1гтїг/К, | MW \ (o ¢ 
( 3S4 29-с) МҸ (2-964 2047)Mw | ew || # 
= (4. 969 + 3.507) = Ж €2 cents / cto lA — 


From m Xe Tx a wyi 7-1o +» لسن‎ cost fer power «о 

+ 8.8! Cenis/EW-h and for Cost Seo uw 7.9 Cents /к ш -n . When 
the ovara Сом vol Volo me 4 Conus: tle ved ہب‎ Д رخمم‎ 
the uwt cost 4 Tv Steam Wisher Woesuaa H “Now bears a 


pert 4 fre costs assor tad with fu trig gia w tee One's 
y Wagas 4.107 (Ом Ato ch Aer d, foe Lut Cot 4 p cw G 

lwar lote E> no longer [е guive d б. beay M~ fuas 
burden 4 ese ws. The ممم وه‎ = СА Va meko F/O А 


loe солза 5 + (сег i^ Account wy or tant informa ti ow re (044 
fo. 1 ac ha pre d сном [^9 се Shes . 
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PROBLEM 7124 


noun. Steady-state operating and cost data are provided for +he 
Cogenerahom sy Stem of Example 7-10 

FIND: Plot versus the nussure of — Yrocess steam (a) + power 
deve loped, (5) the vet coste of the Power and process shaun) per kWh, 
Сс) И. vw cost Ling рва с Sw, per «9 4 prosses Steam flowing А 





Хен? мАтіс d GIVEN DATA: fee Aguve Е Kio. 
шаша иш PU 
: , A Cb 
Ze FaWe Ф, зж сас оза 
7 (°C = 
ме" колен 
ASSUMPTIVUS: Sa Cra wple 7.40 t. case considered u Cxawple 7.10 


ADALYSIS: Following he analqsis of Example 7.10 


Ф > wW 
We: мл ( hi- ha) | Ct) 


where wh = 26.15 кд] 
E S 9 hiù fixed hy P= 5оюак, T, = 466°C у h, u fixed h 
Рг у T2 from Ма Leve above. 3 è 5 


Tw vwt — Th process Steam o 7.2 centi [kWh] مە‎ ыд Dee ple 
“7.0. Thuis value w de ternuned b4 the bo ler Annales sif together са tn 
{ha assump hiv — ss Е4. +822. The vent cosh те power ó 
de tevane °ч 


ce = e|. Egi- ER]. zt (2) 
We We 


where G = 7.2 Cents | kw. И. n We a given @ Єч), 24 = 7.2 We ر‎ where 
We ww MW, ana 


Ep- Er, = wh, — үз Eier. Xa | C3) 
To determine ما‎ vat cost 4 the (7995: Steam бл avc wass 
bas i 
E jo” KW 
ме" "19M EIE 1 "m 





where Err ig found os, C4 (3) and Es) = srw. 


The follows ina IT code is used to Generate date foy each case. 
in the above table. “The defe were imported To o spread Shee 
proqram ір ою{рли the plots mtua next page. 


IT Code 

p1=50 // bar Wdote = mdot * (h1 - n2) / 1000 

T1 = 466 //*C Edotf1 - Edotf2 = mdot * ((h1 - h2) - To * (s1 - s2)) / 1000 

p2 = 40 // bar Edotf1 = 35 

Т2 = 436 //°С ce = c2 * ((Edotfi - Edotf2) / Wdote) + (Zdott / Wdote) / 1000 
mdot = 26.15 // kg/s Zdott = 7.2 * Wdote 

To = 298 //K c2 = 7.2 


cm = c2 * (Edotf2 / mdot) * (1000 / 3600) 
h12h PT("Water/Steam", p1, Т1) 
51 = $ PT('Water/Steam", p1, T1) 
h2 -h PT('Water/Steam", p2, T2) 
52 = $ PT('Water/Steam", p2, T2) 
s2s = s Ph("Water/Steam", p2, h2s) 
s2s = s1 
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PROBLEM 4.124 (Сом 4.) 


PLOTS - 


20 


(MW) 
o 


W 


9o mq © 
A O со O 


N со 
о бо N 


unit cost (cents / KW-h) 


[rion sw 
NN A O 


Cm (cents / kg) 
о 2 № 
т э т N Oo Q 


© 


20 
po (bar) 


p2 (bar) 


20 
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CHAPTER EIGHT 


VAPOR POWER 
SYSTEMS 


PROBLEM 8.1 


known: Water is the worlerng fluid ta au ideal Rankine Р The 
Condenser pressure aud turbine julet state are specif led. The 


net power Output is gwen. 

FIND: Determine for each of two boiler pressures, the mass flow rate 

of steam, the heat transfer vates for the working fluid passin 

turougn the condenser ond boiler, aud the Mrevmal € FE tc ene, 
SCHEMATIC WEN DATA: 

Qin is MPa 2190 bar 
ms 








ASSUMPTIONS: See Example 8.1 
ANALYSIS: For the ucle, the net power output X. 


Weel e = We - We = Yh (Ch, -he)- (hy-hs) } 
Thus м Жыш E Q) 
(Mk) = (hu- 8s) 


The Working {Алма passing Wwough tha boiler experiences heat transfer 


of a rate 


Qi, = va Ch, - Мч у (2) 
Oud v We condenser 
Qot = M(*,- 4) С 3) 


The млм efficiency of io cycle is 
W 
n аре : 


Each et Mese Expressions Is enoluoted for the two boiler pressures given. 


(A) р = 160 bar 
State L: р, 180 baw , sat. vapor => М, = 2509,1 — ر‎ э, = S.044 V T/ es K 


State z. 2. р. 20.06 bar, 5,2 3, =~» х, = es 0.541 1h, = 1594.1 3/4 
I TS 
State 3: Р = 0.08 bar , sat. liquid ss hg = 173.88 ET/L., 
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PROBLEM 8,1 (Cont'd) 


State 4: hy = y t Us (р-р) 5 hg 2605.88 Й , U, = Loosyxcd® ms 
ры! | e | 


h = 17 8B єт -3 m> - н 
ч 3.88 = *(Il.oo8uxto )(186 - ов) bar bee OER 


pe 
-113.89 4 18.14 = 142.02 т/і 
Thus , from C1) ebove 


_ looxLo ку[ѕ ) 
(2503,1 - 1544.1) - (18.14) E 





зь 
SECO ST - uou xtco? 9 


فک 





from ( 2 у 


Lh kT . 
—— 25 171432. СУ . 
© Г 64.1 42.02) ^ 


< 258.4 ко? kw 


Qin »(u.onuxcoS 2) lkw 


pe) 


165/5 











Qin 


From (3) s | á . 
Qoa = (4.014 x0 ) EL este 173.88) = 158,# xo^ kWa Qout 
From (4) 





100 ҳо? kW 


— = 0.387 (38.7%) n. 
2598.0 xi kw 


ا ا 


(b) P = Чо bar: 


ms 

State 1: p чо bar, sat.vogor => и, = 2801.4 к/і ; 5, = 6.0101 kT/kg +k 
State 2: 2 > 60,08 bar › $4 25, => x. = 0,110113 › he = 1897.6 kJ/kg 
State 5. P, = 0.08 bar: ‚504. ligu > А. 2173.88 lex / kg 

Slate 4: hy = hat V3 Cg рз) 


| 05 
= [13.88 + (1.0084 x(077)( 40 = 0.08) [| 

















= 173.88 + 4.026 = 117.91 E3/les 
From (1) Е. | 
В (160 KLO 3600 — X o5 kg/h — 
(2801.4 - 8971.6) - 4.026 | = mm 
rene D = (4.601 x(o5 ) | | (280.4 - 1771.41) = 291.6 xco? kW 4 Qin 
3600 | 
косу) ouk = (ouo?) | : |( 1847.6 - 123.88) = 191.60? kWa out 
3600 
From (4) боксо? | 
= 291,6 xo? 0.343 (34,3 l5) M! 





l. These. results can be Compared lo vesults from E xowsple 8.1 to 
See Some effects of boiler pressure on the ideal Ran kiue ade, 


PROBLEM 8.2 


own: Water is the working fluid iu au ideal Raukine eyele wt Super- 


heated oper entering the turbine. The condemnen pressure aud 
the net power output are given. 

FIND. Delevmine (a) the vate ef heat trausler to the Worle ing Hud 
passing Mrough the steam enevetor, Kb) the 40 v val eifia*aa, 
aud (6) tha mass How rate of condenser olaq water whic 
eulexs ak \$°с aud exits at 35°. 


CHEMATIC VED DATA: 









p: 8 MPa7fObar 


ASSUMPTIONS: See Example 8.1 , 455 ump tons l-4 
ANMYSIS: First, fix each of He principal States. 


Stater: ре®о bar, Т, =480% => h,= 3348.4 1/5 ,S,= 66586 117, x 


Stake 2: р, 20.08 bar , S125, > x, = -Sa Ste = 0.7944 , h, = 20824 kTlkg 
fra” Э#® 


State 2: Р, 0.08 bor , Sat. lig wid = h, =173.88 alls ونا‎ د٥‎ 


3 5 2 T 
= |13.98 kT (1.6084 xc? XX = (© Мм Ll е 
kg ( l ks ) C80 ,08) bar rien! | гт TEES 








= (13.88 + бое = 18144 VT/lka 
Q) То delevmine the haat trauster vate б.у, ; furst determine the 
mass How vate, The net power output of ta cycle is 


Wcle ° Wi = We = му [hha - Chg- ha] 
ос » W le 





z (loo Mw) ic? k3/s 
Y^ = > 
Q-he) = (hu-ks) (948.4 - 2082-9) — | "T" 
= 74.53 kgls 
Thus Nu = M (WW) £0953 ©) (3348.4 - 181.44) EX. [Lew 
Qu = M (hobs) =( 2.) (3348.4 - 18). 8 | | 
= 291.95 хоо? kw S 
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PROGLENM 8.2 (CCmt'd ) 


(b) The thermal efRicleucy is 








Weyete loco хе le wJ 
Ү\ о үт 0.397 (32,7%) a "t 
(©) Taking a comtrel volume around tho condemser- 
O = Loy ~ Wey + m (kh „> hz) + Y^ суу Cheus,in - ew, out ) 
where Me, is He wass flow Tote of Ha cooling water. thus 
o Mo, = ai MESA 
Chew out B Meu а) 
For Ha cooling waker, We № CTY, Thus, with data from Table А-2. 
i (12.53 kg/s )(2084.9 - 173,88) kI/kg | зьоо 5 
(146.68 ~ 62.299 ) к/к, th 
= 6.53x(0° kg/h Mew 





I. These vesults Сам be Compared wit results from Exawple ©, | 
to See Some effects of Super aoa Pre Vapor at He tuvbine inlet an 
Ило. ideal (Raul ine одеа. 


PROGLEM 8.3 


Known: Water is He working fluid tha Carnot vapor Power aude. Tha 
States at the До he and turbine inlet it seid aud the 


Condenser pressure is known, 


FIND: Detevmine (a) the Hev mal efficiency (b) He back work rato, 
(с) the heat trausfer to Ha working Fluid per ди macs 
passing through He boiler, aud (4) the heat transfer from the 
Wworlekg Huid perumt mass passing Hrrough the condenser. (е) Compare 
T — | with results “frown Cx angple Gel. 





ASSUMPTLoNS : (1) Each onewut is analyzed as a. tontro! volume ot Steady 
State, (2) Ail processes of Worle Сид {Чад ave Ti Hernally veverstble .(3) The 
turbine aud the pump operate adiabatically. Ct) kinetic aud potewhod energy 


effects ave negligible. 


ANALY Sig. First, fia each of the principal states . 

State (: p=80 bar , Sok. vapor Ф h, =2758.0 К/і, S, = 5.7432 kI/kgkK 

State 2: Р, =0.08 баг, $228, > x, -— 20.6745 ر‎ h, = 1794.8 ЫЛ 

State 3: p,-20.08 Ww, Sy 7S, = 3.2068 le J/ legs k > x, —— 0. 3423 
hs = 996.46 1/8 93~ *F3 

State U: P, = Go buc : s ot. liquid < hy > 316.6 kT [ks 


(a) The Mermal efficiency of the Carnot cycle is gweu by Ba. 5.8. Wik 
data from Takle A-3; Tu = Tite pobor = 869.25 К Aud Te = Tsat @ 0.08 bav 
= 314,66 К. Thus 


uc due TE. a _ BIYbe K | 
(D max = 17 Ф = 1- SESE * 0.4463 (44.3%) 4 n 


(b The back work ratio is 


Ь Welw)  hy-hs 1316.6 - 446.46 
We S70... ч هة ي ص‎ 
| (lv y М.-М — 2158. -1794.8 
320.\Ч bur 


^ O63. ^ 0.332 (33.2%), 


{5 





PROBLEM 8.3 CCont'ol ) 


(C) From mass anc enevgy rate loalauces for Не boiler 


Bi eT ; 


E ks = 1441.4 A inl va 
(A) From macs aud energy vate balances foc Ha condenser 
Qout 


"^ 


и 
=h, -hy = 2158.0 - 1216.6 


= ha-h, = 1144.8 tt 4.46 ES P = 198.34 E^ а 


(C) Cow paren 4 Tease Aosurtr with these of Exanple 8.1: Tu the prosent Case, 


e Tha thermet efficrency 5 greater 


© than back work ratio л mech greater 
QUA сы Dees 
Rout / m о Joss 


“Thea Rankine ey exa Example &.1 avords th. work- in tensive. 
pumping process involving a. Aem- p hace Aaa urd -Vepoy- 


WC). Y е. of d ре еи Case: Preece sp 4- 4. See dig ‹25% on 


on рр. 3S7- 558 — — bean 


anme a TT TTT 2 ai LATO — و ر‎ ЗАСЧ з my = — — — 


[. Altenohvely у 


we Satis q- БУ cose 
in [Ил 




















PROBLEM 8.4 


KAIOWAL: — is the working fluid in an ideal Rankine cycle. with 
rheated vapor entering the turbine. Data are given in 
Prbblem 8.2. — 


EIND: Plot each of the сиети — T in froblem 8.2. versus 
condenser pressure ranging from 6kfa fo 02.1 MPa. 


SCHEMATIC £ GIVEN DATA: See solution To froblem 8.2. 
ASSUMPTIONS: See Example 8.1 › assumptions l-4., 


ANLYSIS: The roc edure. for fixing each of fhe principal states is phe same 
aS ГА Problem f. Z. State 1 is (x elt еру a. 2,3, БДР all vary with 
condenser pressuve , as illustrated onthe T-s diag ram below 


T, =4 80% 





ample results: 
Peond = G kPa = 0.06 bar 


State] hlkTlka| Comments — | 
| 1 | 3348.4 | <, =6.b586GbT/kg kK | 
2 2050,44 25,: X, 20.78.59 


Ронд = 0.1 MPa = [boc 


ТОЕ 
| THE | Sot. liguid at ibar- 
TE 

















PROGLEM 8.4 (Cont'd) 


Plotting for the eutire range of condenser pressures 


320000 
280000 
240000 
200000 


160000 


Qin = kW 


120000 
80000 
40000 


0 
0.00 0.20 0.40 0.60 0.80 1.00 


0.60 
0.50 
0.40 
= 0.30 
0.20 
0.10 


0.00 
0.00 0.20 0.40 0.60 0.80 1.00 

1E+07 
9E+06 
8E +06 
7E+06 
6E+06 
5E+06 
4E +06 
3E+06 
2E+06 
1E+06 


OE + OO 
0.00 0.20 0.40 0.60 0.80 1.00 


Mey - kg/h 


Condenser pressure - bar 


The thermal efficiency decreases as condenser pressure 
increases. Since the power is constaut, more heat luput is reguired 
and the mass How d А 5f cooling water nust ПаСляо се fo accommodate 
the tucreased need for heat re jactoon . 
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PROBLEM 8.5 


KNOWN: Water is the working fluid ın an ideal Ranke cuc [е with 
superheated Vapor a the turbine inlet. Data are given IA 
Problem 8,2. 
FIND: Plot each of thequantities calculated rin Problem 8.2. versus steam 
generator Pressure ranging from 4 1024 MPa while main fain ing 
constant turbine inle temperature. 


SCHEMATIC Ё GWEN DATA: See solution +o Problem 8.2. 
ASSUMPTIouS: See Example 8.1, assumptions l-4., 


ANANSIS: The procedure tor fixing each of the principal states is the same 
asin Problem 8.2. State з 15 fixed and states 1,2,and4 all vary with 
steam generator pressure as illustrated on the Ts diagram bélow 


7, =480 C 





Sample results: 
P= 4 MPe = ЧО bar 


пат Comments 
21344 











E 2^7 
P,20.6& bar ,Saf. liquid 


Р = 24 MPa = АЧО Бае 


State ТП | Comments —  — 
[1 | 3102.3 | 5,2580 7 
1842.6 
— 3 | 173.88 | Р, =0.08 bar, Set: liquid 
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PROBLEM 8.5 (Cota) 


Plotting for the entire range of Steam generator pressures 


300000 


250000 


200000 


Qin - kW 


150000 
100000 
50000 


0 
0 50 100 150 200 250 


0.50 
0.40 Eu SS 
0.30 
0.20 
0.10 


0.00 


© 
O1 
© 


100 150 200 250 


8.0E+06 
7.0E +06 
6.0E+06 
5.0E+06 
4.0E +06 


3.0E +06 


Mew - kg/h 


2.0E +06 


1.0Е +06 





0.0E+00 
0 50 100 150 200 250 


Steam generator pressure - bar 


For fixed turbine inlet temperature, the thermal effiaency Increases 
with increasing steam generator pressure. Since the power 1с constant, less 
heat input is required amd the mass flow rate of cooling water decreases 
since less heat rejection must be accommodated, 
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PROBLEM 8.6 


KNOWN: Water ic the working fluid in an ideal Rankine cycle. The 
CONdMOU pressure and Me turbine mbet state are specified. 

EIND: Detevminecay the net work pev unit mass of steam flow, (b) the heat 
transfer per unit mass of steam flow trough the boiler) the 
thermal efficiency , and (d) the heat transfer to cooling Wafer 












passing Throus e cendenser per unit mass of steam condensed. 
SCHEMATIC E GWEN DATA: | in F, = 18 MPa =180 bar 


т 
Ў 
N 





Cooling 
water 


sat. 1 ig: 


ASSUMP TLONS : Sae Example 8-1. 
ANALYSIS: Fwst, fix each of the principal states. 
Haki: R= 18Mfa ,sat.vaper => h, = 2502.1 kI/kg , s, 2 5.10 44 kIlkg-K 
State2: Р, = ©ЕРА 5,25, > х = ع‎ = 0.5809, h, = 1564.4 Ils 


State3: f 26 kPa sat. liguid => hg= ¥52 kT/ ka 











State 4: hy = h, +15 CP -Pz ) | 
[05М|м | Let 
= 151.53 62 + (1.000 xtO 7 m) (180 - 0.06) baw Тери" Tne 
= 15/.53 + 18.00 = 10.64 ЫТ 
(a) The net work developed per unt macs of steam flow is 
Wey che W W : 
غد کل‎ L Ea Ch-ha)-lhy-hs) Мае 


Y mM m 
= (2504.1 — 1564.4) - (161.64 - 151.53) 5 241.6 kkg 
Z The rate of heat trunsfer per umt mass of steam How through 
е boiler is 
Qui a(h hy) =2504.1- 094= 2334. 5 т/і Qin ri 
M 
(С) The Hermal efficiency is 
Weucle/m 421.6 
ع‎ iU. 2 0.344 (344°). M 
Gu Гм 2331.5 2E 
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PROBLEM Zo CCont'd\ 


(d) ел — е heat transfer {о cooling water passing through He 


Rout = hi-hs = 1569.4 — 151.53 м 
= 1417.9 | зака 
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PROBLEM 8.7 


KNOWN: Water- is the working fluid tu a Carnot Vapor power c 
states at the boilerand furbihe inlet are specified and the 
pressure Is known. 


yele . The 
condenser 


END: Determine (а) the thermal efficiency , (0) the back-work ratio, C) the 
net work perunit mass sf water flow, d) the heat transfer from the 
workiùg fluid passing through the condenser peruni} mass of steam flow. 


Determine (д) the net work per uni} mass of steam flow (b) the 
heat transfer to the steam passing through the boiler perunit mass 
of steam flow, (с) the thermal efficiency ‚ and (td) the heat transfer 
lo cooling water passing rough the condenser per unit mass of 
Steam tondensed. ©) Co mpare with |, ТЕОРИ ; 


results fr om Paoblem 8.6. У 







Hot reservoir, Тн. 2+ 





S 
* 
Мұ ae ENTE 
— we " 


190 bar . 


Work 





5 
ASSUMPTION 5: (1) Each component is analy zed 
as a contre] volume at steady stafe.(2) АИ — 
processes are internally reversible (3) The turbine 

and pump operate adiabatically.) Kinetic 

and potential energy effects are negligible. 


ANALYSIS: First, fix each ef the principal states. 
Stole |: Р = 18obar , sat. vapor => h,= 2504.1 k3lkg s, = 5.1044 kTlks-K 
5,-5 
Slade 2: р, =0.0b bar, 5. =5, => х, = x 9m = 0.5864, h,-21562.4 кті 
stale 3: р, > but, 525, د‎ 2.0715 allie ج‎ у= Saca 


Spgs 
hy = 1108.0 lka 
Stete4: р, = lobar , sat. liquid => hy =1732.0 kl kg 


= 0.4249 


(A) The thermal efficiency of the Carnot cycle is given by Ee. S.B. With data from 
Table А-3; Ta = Dat @iBobar = 620.25 K ом Tc Toc роо. 804.31 kK . Thus 


E Te | 304.3 _ 
Q ايمس‎ È 21 - BEAL = ооа (зоям), А 
Cb\ The back work ratio ts 
Loc = cel) „ haces _ 1732.0- 1188.0 
" (Welw) Vi-he 280% 1 - 1569.4 
_ Ss 


= gag = 0-579 (514%) 


: bwr 


8-13 


PROBLEM 8.1 ( Cont'd) 
(c) The net Work pec unit mass of water Flow is 


Wesele W 
Nase a MEWE Oh La (hay 


M m 


1 


(2509.1 - 1569.4) — (1732.0 - 1188.0) 


939.7 - 5ЧЧ = 395.7 Exlka Wevele/™ 


(d\ From mass anderergy rate balances for the working fluid passing 
through the condenser 


Rout = h,-h, = 1564,4 -1188.0 = 381.4 kT/ka Qowt| m 





(e) Compared +o the result 1 Pan blew В.б у Hos cafe 
€ ths net work айыы: Ила s e илти о Ress. 


; Ann beck work Го Хо u моск 
Node: Tr Probleme. the bwr: 6.0149 (1.9% ) 


- Qua м حمق‎ 
The Ranko Cu هع‎ Problem Ẹ.b avoids +n. ULoork - и Fenai иа. 


stone dildo (^79 cs: (^ моого ©. Tun - No hene Li ل اناو‎ ~ У ерам 
mytur e Ер present Cae: Proce ss 3-4. Sea یت وہ‎ Pha an 


рр 357-358 . 


*⸗ — ع —— — — eee > eee‏ و a‏ سودت r ta c шры‏ — — یویم م مهه 

















E Al temmah vety 
N= — * ممه ندا‎ = — е 0.509 
Qin | hi- hy yog. I! 132.0 
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PROBLEM 8.8 


Кыйа): Water is the working fluid in an ideal Rankine cycle. The condenser 
and <team generator pressures are specthed as in Problem 8.6. 


EIND: Plot each of the Quantifes calculated tn Problem 8.6 versus turbine 
inlet temperature ranging from saturation {о Supevheated Vapor: 

SCHEMATIC £ GIVEN DATA: See Problem 9.6. 

ASSUMPTLONS: See Problem 8.0. 


ДАЈАКЧ5(5. The turbine inlet and exit states change as ги the T-s diag ram. 





Plotting 


0.45 
0.44 
0.43 
0.42 
0.41 
= 0.40 
0.39 
0.38 
0.37 
0.36 


0.35 
360 380 400 420 440 460 480 500 520 540 560 
3500 "TC 
Q,,/m 
3000 
2500 
2000 : 1 
О „елт 


1500 


Weycie/ m 


Energy transfer 
kJ per kg of steam flow 


1000 


Ce 
о 
о 


0 
360 380 400 420 440 460 480 500 520 540 560 


| Turbine inlet temperature - °C | 
The cycle with superkeatina(17-2.-3-4-1') has a higher temo - 
erature ef heat ад сой than the c de without Supe rheating ees -1) 
so the thermal efficiency is higher. ” 
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PROBLEM 8.9 


KNOWN: Water is the working Fluid tn ам ideal Rankine cycle. The. turbine 
mlet state aud the condeuser- pressure are known. Also, the mass 
flow rate of steam entering the furbine is given 

FIND: 





Determine ca) the net power developed b) the thermal efficiency, 
and Cc) the mass How rate of cooling water. 


SCHEMATIC $ GIVEN DATA : А ТР 
А уй 214x108 lbih 7 200 bfl 





ASSUMPTIONS: See Example 8.1, sat. lig. 
assumptions l-4. 


3 1 bfln” 
ANALNSIS:: First, Fix each of the principal states. 


віц, 
STATE |: з= Шоо lbi, T,= ЦОО °F => h, 15077 BH 520615 А 
TATE 2: Р. =1 ШЛА s,75, > х„ = TRU = 081225, hax fll. Ву 
fa 2. 
STATE 3: p! bf lin, sak. liquid X> hy = 69.74 Bhk/ lb 
STATE Ч: hy hg + U; Ср, - p, 


3 аи 
= балч Віц + (0.01614 i) ree | 
= (4лч + 4.78 = 14.52 наи 
(a\ The wet Power develo pad bv the cycle DS 
Мосе = W “We = Yh \%,- hg) ~(hy-hs)] 
= (4x 10° طا‎ (531-8167) - (4,78) ] Bjus lb 
= 8,94 xio А LLL Meade. 
(0) To find the ade Preval efficiency , Anvst find the heat transfer 
cate to fue working Huid Qassiug Warrough +he steam generator. Ч 
Qin = Yn Lh -hy J 
(laxo. Te) ( 154171 — 14.52) ві 
=2.0 хо! ul 





| Blu (ш - + 
118 £t - lot M 





и 
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PROBLEM 8.9 (Cont'd ) 


Thus, The thormal efficiency is 
_ Масе 8.9 xo! А 
Ее roi OM #8 
(с) For Кла control volume enclosing Ике condeuser 
по o | : 
6* I. p^ T va (42-3) t Meow (Mees i т Иос) 
where mu, is He mass Low rate of He cooling water, Thus 
— m См. Мз) 
Ch ола ы Ма, iu) 


For the cooling water, Wew% he СТУ. Thus, with data from Table А-2= 


a a (4 xo © thin) (91.72. — 64.74 98847 Ib 
ans ( 48.04 - 28.08 ) 814 / lb 
= 5,84 xo7 tb/h Mew 
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PROBLEM 8.10" 


KNOWN): Watew is working Llutd iu au ideal Raukine eyele. Data are given 


ил Prob. 84. 


ELIND: Plot each of the 
ranging from 0.4 о 


uautities Calculated iu Prob. 6.9 versus condenser pressure 


14.7 Ibfliu.2 Maimtatu constaut steam mass flow vate. 


SCHEMATIC € GIVE DATA: See solution to Problem 8.4. 
Assumptions: See Exanple 8.1, assu mphons 1- 4. 
: The following IT code is used Чо dewelop He data for the 


ANALYSIS. 
required plots . 


ave presented for tha juo limiting. cases, 
IT Code 


p1 = 1600 // Ibf/in.? 
T1 = 1100 // °F 

р2 = 1 

p3 = p2 

x3 = 0 

p4 = p1 

mdot = 1.4E06 
Twin = 60 

Twout = 80 


h1 = h_PT(Water/Steam", p1, T1) 

s1 = s_PT(Water/Steam", p1, T1) 

h2s = h Ps("Water/Steam", p2, 525) 
s2s = s1 

h3 = hsat_Px("Water/Steam", p3, x3) 
УЗ = vsat_Px("Water/Steam", p3, x3) 
h4 = h3 + v3 * (p4 - p3) * (144 / 778) 
pw1 = Psat_T("Water/Steam", Twin) 
hwin = hsat_Px("Water/Steam", pw1, 0) 
pw2 = Psat T('Water/Steam", Twout) 
hwout = һѕаі Px("Water/Steam", pw2, 0) 


Weycle = mdot * ((h1 - h2s) - (h4 - h3)) 

Qin = mdot * (h1 - h4) 

eta = Wcycle / Qin 

0 = mdot * (h2s - h3) + mdotw * (hwin - hwout) 


IT Results for p2 = 0.4 and 14.7 Ibf/in" 


02 (Ibf/in2 
h1 (Btu/lb 1547 1547 
s1 (Btu/ib.R) | 1.631 1.631 


v3 (ft3/lb 0.01606 


Weycle (Btu/h) | 9.46 x 10° 6.669 x 10* 
0.4498 _ 0.3497 
mdotw (Ib/h 5.765 x 10 6.178 x 10 


Qin (Btu/h 2.103 x 10° 
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PROBLEM 8.10 








PLOTS ` 
= 
3 
m 
Ф 
р 
O 
z 
p2 (Ibf/in.?) 
ae 
Ф 
p2 (Ibf/in.?) 
TE? 
6E7 
БЕТ 
= 
£ 4E7 
> 
5 ЗЕ7 
кө) 
E 


2E7 


1E7 





0 5 10 15 
p2 (Ibffin.2) 


We see from Ме plots that as condomser pressure decreares, Too. power output 
tnoreaces as does Mao. cycle Provmal eRicieucy. Furor, less ёмелдч is vejocted 
iv the onder’, co Cling water How sake decreases slightly, These vesulls 
are consisheut with Mae dicauston ої FG. 8f (b) in Sec. 3.2.3. 
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PROBLEM вп“ 


— — is the working fluid in an ideal Rankine cycle. Data are given 

м Frob. 8.9. 

FIND: Plot each of the guautities calculated in Prob. 8.9 vevsus steam 
&wWerctor рез иге rana ıa from 250 +o 4000 Ibflin* Maintain constant steam 
Mess flow rate and wie ihlet temperature. 

SCHEMATIC ¢ GIVEN) DATA: See solution Problem 84. 

PTL : See example 8.1, 4ssumpttons 1- 4. 
ANALYSIS : See Solution Ҷо Prob. 8.10 {ov We IT code. Result are presented Кеке 
Lor the two Limit ivg cases. 


IT Results for p1 = 250 and 4000 Ibffin* PLOTS : 


000 
h1 (Btu/lb) |1581 |1481 
9.58 
h4 























| 


0.5 


wack 
A 
со 
м 


Qo |= 


0.4 


o 


h4 | 17032 | 
27.63 | 
| 
v3 (fib) _ 


0.3 


ә! OO 
чоч 
“J i OD |с 
ادن‎ Go 


eta 


0.2 


v3 (ТОЛО 
eta — | 0.3608 04527 | 
343 x 10 


00 خا‎ O 


0.1 





| 





O 500 1000 1500 2000 2500 3000 3500 4000 


p1 (Ibf/in.?) 





1E9 7E7 
6E7 
5 
= 968 E 
3 = 
0 © 4Е7 
Фф end 
2 t. 3E7 
б £ 
= 8E8 
2bE7 
1E7 
7E8 0 
0 500 1000 1500 2000 2500 3000 3500 4000 О 500 1000 1500 2000 2500 3000 3500 4000 


p1 (bf/in.?) p1 (Ibf/in.?) 


(Ме see from re plots that the power output exhibits a maximum, but 

re Амал efrciency tnoreases with increasing steam AMNATO pressure. 
Fury, lees Muay is rejected tu he Condenser, 55 fhe cooling water 
Huw (оле detneanes slightly. For furan ds олс (м у See Seer 8.2.2. 
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PROBLEM 8.12 


kwown: A power plaut using K-22 as the working fluid is under 
development based on the Rankiùe cycle. The desired net 
power outaut, turbine inlet state, aud available cooling 
water femperatuve ave speci fied. 

FIND: Specify the preliminary destan of the cycle, estimate the 
Meet! etticiency а anid aud cool M water flow vates. 

SCHEMATIC € GIVEN DATA! 





ASSUMPTIONS: (1) Bach componest 
operates at steady state K2) Theve 
are no stray Пес? trausfevs from 
— component.) IW etie aud 
por utal Arad effects are 
D 53:9 ble.) Satuvated Liquid 
exits the condenser. | 
Cother assumptions discussed 
below tn Aeveloping the 
preliminary desan.) 2 l 
| $аА. liquid 
ANALYSIS, To maximize performance it is desirable Hat Wa condenser 
pressure be as low as possible. For Prong 3 12 bav у Tsat = 30.25 °С. 
With Mis choice , iF is likely Het He temperature rise of tha cooling 
Water Passing trough the condeuser would be about 15c. 
Further, a characteristic value of N, = 85 о iS reasonable for- 


Жо preliminary designu. Also, let VYep@ 10%. With these choices | each 
prinerpal State “cau be fixed. 


State L: р, 2106 bar , Т = Soc => h,= 263.18 [к 


3 
State 2: Р, = 12 bar, 5,5 =S, => his? 202.2 о 
tuybine eficieu 


№, = W- Ne Ch, - has) = 263.2 E3/bs 


Siete 3: P32 12 ber saf. li ud >> haz 81.40 LT / leg 
State +: hus Z hat Us (Py- Ps ) 


= 8140 € + (05 KOE (10-02) bew pore | = 82.24 
Thus, with He pump efficrenay 
hy = №, + Chas-hs)/np = £2.34 kT lke 
Using this dake 
Wela = hoha = 5.28 kolkg l 


5, = 0.6411 kT [leg ic 
. Thus, with the 


КАСЕРО 
Balun = 0.0294 (294 %) n. 


Welw = М-М» = 0.4% Kc з 164 = 
Qiu lia = h,- hy = 186.8 واا‎ 


For a ууу power outeut of 1OMW «10,000 kls 


Weycle 10,000 kis [aseo s. 7 А 
= — — — — | | = 6.56X M 
We] к, -Welw 5.46 —0.44 K/kg! th е6 кк а 
With hew = \ Tew), e cooling water flow rate Mew is 
. waChi-ha) — (656x006 )(263.2.- $140) в Е 
Mew E raa 2 — "5 353 KIO к / А Ma 
— (Mas out - coniu ) (117.43 - 8396) J 
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PROBLEM 813 


оюм. Refrigevaut 34a is the working Hud in a solar power plaut 
operating ona Rankme сч Де. The turbine inlet state aud 
€. condenser pressure are known. 
IND: Determine the minimum possible solar collector surface 
 Qveo. per kW developed оч tle plaut. 
SCHEMATIC 


GAVEN TA: 





i 3 Sat. lig. 
е 

ASSUMPTIONS: (1) Bach control volume 15 at steady state. (2) All processes of 
the wovking fluid ave internal reversible . (3) Thare ave мо Stroy heat 
tvansSevs , aud СИ solar radiation incidevt ом the collector is absorbed 
by tha working tuid . (Ч) kimehe aud oteutial enevgy effects ave 
negligible. (5) Condensate exits tha cowdewser as saturated liguid at 
(0 eos. 
ANALYSIS: Fix each of the principal states. 

T, =60°C , Sat. vapor => h = 215.44 Те, s,= 0.8973 кт. K 
Р, =6 bar А 54 ^S, zh х, 20.9727 А he 2255.54 kT lks 


Рз 26 bar , sot. liquid => ha = 14.48 kT [les 
hy x hat Uz СР, -P3) 


Н T А 3 5мі„ |} ТЕТ 
£19.48 KI (6140 x3 YR (16.813 - GC) bar ыт 
= 14.46 +0.84 = 80.31 k3/lks 

The ideal Rankine ey cle desevibed heve requires He minimum Qin fo 

develop 4kW under the prescribed conshaiut for furbine iulet stake 

aud Condemser pressure. Tha mass flow rote of refragerant is oblained 
W cle = Ww [Welw “Wel. ) =m [ Chi—he) * Chy-hs)] 

or " (i «xls ) 


Ww" (275.29 - 25554) - (89) eae roe — 
Thus, tha minimum value of A T. 





qe 


ER _ = kg _ KJ |1 lew 
ORN mM (h, hy \ (0.05112. < (215.44 — | | xls 
10.00 lW 





Collector 


10.00 kW _ 
area 


OG kWíva?- ~ 


MOREE x 
qnm / kw power developed qy 4reo 
Lrveversibil ities or s 


А heat tvansfer from Ha collector will 
vesult in greater collector areo. being required. 
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PROBLEM 8.14 


KNOWN: A Rankine cycle power plaut, using ammonia as +he worki wg 
fluid, has been proposed to utilize the naturally - ec curri 
temperature gradient witii to ocean to Produce electrical power. 


FIND: Determine (a) the thermal eFLiciency and compare 1+ to Hat of a 
reversible cycle operating between reservoirs at the Seawater +ewp- 
evatures, (b) the net power output, and Cc) the seawater Flow rates 
through the boiler and condeuser. 


Seawater Seawater 
out at 77.5°F in at 80°F 


C iC t DATA ` 
ASSUMPTIONS: (1) Each contre! volume shown 


is at steady skate, and Âu =0. (2) kinetic and 
otentia| ewergq effects can be neglected. 

3) The —— has properties ef pure water 
assumed +o be an incompressible | iguid. VED, 
With © =o Bluslb-°e. maa i 


(Other tssumphons are discussed below А 
I^ developing the ammonia cycle.) 







‚ To maximize performance, it (5 
desirable that the boiler pressure be as = 2. ssxtoepha/h 
© high a possible, Gnd the condouser pressure T $ | 

b2as low as possible, Based on the 5@о.- mat 46°F out at 47 7*F 
water temperatures in the boiler, let us 
Assume Aan evaporating fempeyoture of 15°F for Mee monis. Thus 


Sldei: T, = 75°F, X,=1.0 => P,=140.00 11и", h,= 629.20 bulb 
5, 71. 2048 Bu/lb-°R 


Further, from the seawater temperatures in the condenser, assume c 


4 
— (ng temperature of the ammonia ef 50°F. Thus, р„= р, sore 2 A 


L Ws.wpumps 


Stafe2: Т. = 50°F, S15 =5, => Kes = 0.4625 ر‎ hl, = 604.8 Btu/lb 
with Mae лола. efkaemcy of Фо, (assumed) 
hE u,- Ny Chy-hes) = 604.1 Ghul lb 
54айе 3 FP, Sat. liquid => h,= 97.55 Bhul lb 
State4: Py=P j hqg* lg + US Cu P3) 








| . اج‎ 
_ | 3 _ bf l144 ney) (Ore 
= 47.55 Ё + (0.02564 47(b)( 140.6 - 89.242) p H> eL 








= 27.14 8 /1ь 
Assum ihg a puwp efficiency of 70 


hy = hax ( hys-hs)/ м = 41.033 Blus\b 


(a) For We ammonia passing Yurough yhe boiler, the heat transfer from 
the Seawater is 


булк = h,- hy =( 624.20 ~ 97.893) Blu/Ib = 531,3 BLU/Ib 
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PROBLEM bit (Cont'd) 


Similarly , for tha ammonia passing Vrrough the condenser 
Qw(v. = ha-ha = 6094.7-97.55= 512.2. Вн |Ы 


Thus, Wa thermal eHheiency < 


=. | س‎ A outlaw = 512. 212.2 _ о n 
E O 


For the reversible wde with Te = 506°R and Ty = 540°R 

Мам =I- TE = 0.0630 (6,3 *Íe ل‎ Мә 
(b) The mass flow rate of ammonia dtu. T 

win = Wt/Ch he) s (6:2 10° Bhu prm ENTRE 205x10 Ъ/Һ 
Thus We = wh Cha - V = 138x007 Blu/h 





and Que = Wt Мр -Ws.wpumps = 5512 x10" Blu h Wnet 
(c\ Taking Ило boiler control volume overall 

; _ mh,-h „205 к101\5 31. 

M s.w. boiler ^ mh) | М — L3) 


_ 1 tbh 

= 894 XO — 
€ CI en Twout) (1)( 80 -1.5 У | 
_ (4.205 xto? )(512.2) 


™ л, Condenser 7 (t) C 41.1- Ub) БЕ 1.207 ХО BR — 
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PROBLEM 8.15 


Емом: А Carnet vapor — is modified to mclude Ha effects 
of trveversi bilities in the ad iabatcc EXPANSION. aud Cowpress ion 
Processes. 


FIND: Repent the analy sis of Problem 8.3 for He modified uy cle. 





—E 


ASSUMPTIONS : (1) Each component is analyzed aso. Contre] volume af steady, 
Sfoe.(2) The processes of Vea. Working Muid in На boiler aud Ced у ег afe 
(utewnally vevevsible.(3) The tuvbyhe aud the arta | operate adiabatreally. 


(4) Kinetic aud potential energy effects аге wealigible. 
ANMASIS': From Preblem 8.3, h = 2158.0 kJ/kg awdl h,= 196.46 kT/ka . 
The specific — eX state 2 is Found US ing Wa Мл бле есем oy 
\ (vin) ne- ha 
WW, (ма). ^, - Mas 2. h, nich, h 5 
With Vas = 1144.8 kT) from Problem 8.3 ha =1487.4 КГ/ . Similarly, 
Ae Specific MK e qhe pump exif is — ud “Using Yas. pump efticiency. 
n - Nel )s = hy -h = h ~\ 
бым) yobs O Ma пат EE 
with bys = (316.6 Tike j hy = 1453.8 kT/kg. 
(a) The thermal efficiency is 
V\ = | (Rout (v. ) 2 |= ha-ha 








(бы) "57 wu, O98 Сен o 
(b) The hack work ratio is 

bwr 2M3 „ 0.517 (54.7 %0) buy 
Wn kha ч ES 

(e) For Wa boiler | 
(Qu lk) = Why 13092. kT/ks ёх [va 

(A) For ha Condenser 
( бош [жут и.к = 440,4 Tl be Qout lû 
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PROBLEM 8.16 
lcNOwDAl: Water is the working fluid tua swale vapor power paut ‚ Dat are 
9WeA at various states iw the олсе. The майе inlet tenpevature is T. 
END. (a) For T=580°c, delme the turbiie exit quality and tha cycle 
tev mall есем. Ca) Plot the quantities of part (a) for T raw ity 
from 580 fo 100°C. 
М2 10 MPa = 100 bar 


SCHEMATIC $ GIVEN DATA: 
д 580° € T, < 700% 
— 





S { alo. 
P | sat. liquid 
LE F7 oes bow 


ASSUMPTIONS: See Exavwele 8.1 assump ons 1-4. 
ANAMNSIS* Fst, lix each of the gr ^ccpad S ades . 
State | роо bar, T, tix the Stade in the Superheat regin Ф h,,s, 
(1) 


Set Р, ам $157 5, Gives Xas 5 has. Now уи, = ط‎ Chy-hisd/ny > Xa 
States р, =0.06 bor, sat. liquid > hy ‚лу 
Sika Wy = hgt SC CP. ЛИ, 
Now, We net wode of We cycle is 
W lJ W ! 
cal a = — = (bk ما‎ - (ha-ha) )2( 
Aud, fer He Steam gontruhor , Gus = h,-ha сз) 
Thus и = Мыке _ Chhad- Chg- hs) (4) 
Qu lv Ch, - к) : 
(a) For Т, = 58до °c , Table 4-4. gwes h, = 3575.7 Sl leg , S, = 6.8447 3 / fas -K . TUUM 
5252 5,2 6.9441 > X,,2 0.60475 2» hog = 2107.8 ЫП. With Ws 0.85 
hoz he Mu = 2328.0 Kk, $ X4,2 0.40 14— > 
zh Hy Chirk as) = 3575 Л — G85102575.1- 2107.8) = о Ка > X, 
. Thus 


Furies | from Table A-3, h,= LSLS 3 kT/ kg , 7, = 1.000440 m?/k 
| — 


à ky 53) Ww? 
ha ISUS3 Є + (1,0064x10 J pa (1o0 - 0,06) baw — /@.82) 





2163.8 1/65 
New 
n = Maha) -(Wa4-h3) _ (857537 -2328) - (163.8 - 151.53) 
Cha - hg) (3575.7 - 163.8) 


2994 a 0.362 4 
= * 


| 3411.4 
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PROBLEM BIG (Cmt'd.) 


(b) The data. fer Hho. vegu we. plots are обѓахи. USI KA IT, as follows : 


IT Code 


p1= 100 // bar 
Т1 = 580 //*C 
р2 = 0.06 // bar 
eff {= 0.85 
eff p = 0.82 





h1 = h_PT("Water/Steam", p1, T1) 
s1=s PT('Water/Steam", p1, T1) 
h2s = h_Ps("Water/Steam", p2, 525) 
525 = 51 

h2 = h1 - eff t * (h1 - h2s) 

h2 = hsat Px("Water/Steam", p2, x2) 
x2pct = x2 * 100 

p3 = p2 

h3 = hsat Px("Water/Steam", p3, 0) 
v3 = vsat Px("Water/Steam", p3, 0) 
p4 = p1 

h4 = h3 + (v3 * (p4 - p3) * 100) / eff p 
Weycle = (h1 - h2) - (h4 - h3) 


Qin = h1 - h4 
eta = Wcycle/Qin 


PLOTS" 


96 
95 
94 


93 


Xo (96) 


92 
91 


90 


580 600 620 640 


T4 (°С). 


660 


— +he T-S дла. qva v, we see Hat as T, increases, 


oC heat e d. date u areases. 
vove plot. 


680 


S X4 Ihc reases, Further, ag T, tùcreases , Иле. aver 


ІТ Results for Т; = 580°C 


hı = 3575 kJ/kg 
$417 6.845 kJ/kg: K 
hz = 2328 kJ/kg 
ho, = 2108 kJ/kg 
h3= 151 kJ/kg 
v4 = 0.001007 m?/kg 
= 163.3 kJ/kg 
а /m = 3412 kJ/kg 
W /m = 1235 kJ/kg 
cycle 
X2 = 90.1 % 
n = 0.362 


0.4 

0.35 

0.3 

0.25 

= 07 
0.15 

0.1 

0.05 


0 


700 580 


620 640 
T4 (°C) 


600 660 680 700 


points 25 and 2 move to the 
te akure 


Thus, Y \nareases slightly , eS trdicated tn MWe 
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PROGLEM 8.17 


knowns The ideal Ranke cycle of Problem 8.2 is modified to ycude thet the 
turbine and pump have isentropic efficiencies of CSaud 75 %, 
respectwey . 

END : Determine fer the modified ое cay the Hermal efficiency ‚%) 
the mass How vote of steam fer a vut power output of loo Mw, 
oud (c) tre mass flow rote ef condenser cooling water, 





ASSUMPTIONS: Same oa Problem 8.2 except Ит = 0.85 aud p= 0.7. 
AvacLysiss From Problem 8,2, h,= 3348.4 leT/kg ond hs = 173.88 kJ/kg. 
The specific e u ok py o state 2 is found Usthg the wb rae. есеи о 
_We/m) hehe 
Wa (л) 5 С М-М => hae M- МЕСИ, hu) 
From Problem 8.2, has = 2082.4 kJ/kg. Thus, h, = 2272.7 kT/ke . Similarly, 
the speci го "я at state. 4 is found using tha pump efficiency 
Weir ) hys -h h 
N NA usc Из 
P (We lh) hy-hs => зї -mp 
From Problem 8.2, hys = (8194 kTika. Thus, М, = 18534 YT/kg. 
(оу The oa efficiency 15 | 
y= W eyele (vin _ Welk = Welk _ (h.-h2)-(hy-hs ) 
С ќи [Ул QA U, ~ Wu) 
_ (3348.4 - 2212.1) - (185.34 - U13.88) 
(3348.4 - 185.39) 





0.3236 (33.6%) n 
(b) The mass flow rate of steam for a net power output ef Loo MW 
is determined trom | 

WN ae = ҮЙ чаи: - Мел ) = (hh) -Chy-hs)] 
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PROBLEM 8.17 (Contd.) 
Thus, Solving ‘wr w 
—— 
Ch, -h2)- Chu- hs) 


(loo xvo3 kT/s У 


uum 





= Зьоо s | 
(6 348.4 - 2212.7) - (18 5.39 -173.88>} Va MER. 
= 3.38Xx(0? kg/h 





"m 
(C) The mass Clow vate of cool re water is found from 
О= Yn (hac hs) EM ew ( Р. РРО 
oC — м ( 4 -M 4 
Cw) 
LT = Meus tic) 
With Specific enMralpiec ot He wola water from Probem 8.2 
— (3.38x105 3/0) ( 22t2.1— 015.88 ) kJ/ka 
— (146.68 ~ 623 YLT/ leq 
= 8.48 xto’ kg/h Mew 
These recults can be с 





i owpared wit results from 
Probiem 8.2 іо see some effects of irvevevsibilities пл Ha Herbie 
ond Quup on Ha Kdeol Rankine cycle. 


PROBLEM 8.18 


KNOWN > Water is the workmg fluid in a Rankine cycle. The condenser and 
Steam generator pressures are specified as in Problem 8.8. 


FIND: Plot each of the quautities calculated in Problem & 8, including UA 
the analysis Hua the turbine and Pump each have isentropic 
effiencies ef (a) 90°/ (b) 80% jC) 10%. 

SCHEMATIC £ GIVEN DATA: See Problem 8.6, 

ASSUMPTIONS: See Problem 8.6, except N, = ng < 100% . 


ANALYSIS : 


For +he turbine: 
h = Wy Ch,-h; 5) 


1400 


90% 
80% 
70% 


He = Np 
Tk = Np 
Tk = Mp 


For the pump: 1200 
hy = hg Got /My 


Note that : 
Chin) - hi-hy 
[s only 514 htly affected 
j Since hy Varies 
minimally. therefore , 


Weycie/M - kJ/kg 
8 8 8 8 
ll 


N 
© 
о 


no plot OF Qula VS. T, i 
is included. 2400 
п, = Np = 70% 
2200 
п, = ny = 80% 
X 2000 im = n, = 90% 
x 
1800 
[ 
Е 1600 
' О 1400 
1200 
1000! 
0.40 п, = n, = 90% 
0.35 n, = ny = 80% 
0.25 
0.20 
360 400 440 480 520 560 


Turbine inlet temperature - °C 
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PROBLEM a.a * 


kou N: Tha ideet Rankine cycle of Problem 8.9 js mods fied to 
include that the +arbine and pYmp each haera an ijen here 
e fRuencty 4 858%. 

cin: емди е (a) M^ t power developed, Се) the net 

heat Мои fre d. faa wor leing Kod pawns он Toe — 
Generate , (с) tho phap neh € tho € ) aud (d) voluma fv | с 
Atty ч, а. 4 th. cooling iva lec ew rns Toa Condenser 


SCHEMATIC à GIVEN DATA. 







[f = [509 (belin® 





цоо °F 


— — M o — — 


| { P о 
Condenser 60°F 


Cooling 
Pump water 
у . 424 
5 | 1 ibelia? 
ASSUMPTIONS: Same as Problem 8.4 , 
except и, = Ne = 0.88. 


ANAANSIS! From Problem 8.4, h, = 1541.1 Biu/tb,s,= (215 Бмл. 
(wA Wy 264.74 Вили. The specific enthalpy at State 2 is Холмс using the 
woe — 
2 Wal vn) - hiena _ _ 
Wet Ue иси O haa hi- he Climbs) 


From Problem 8,4 , has = QILL Beth. Thus, ha = RE. Bib. Similarly , 
the specific enthalpy at stoke 4 15 found using Ha pump efficiency 
weis . hys-hs tick Theale 
Vo (Welsh). hy-~hs Е туте 
From Problem 89, V, = UST Blu/th. Thus, hy = 15,17 en7lb. 
(à) The net power developed is 


Маде * Yo [Си ba) = (hy - hyi] (4х 1 yf(1547.7-887.6)—(25.17- Алчу] S 


-IN хоё Ва cycle 

(b) The heat transfer rate for the steam Qenerakor is 
Qi, 2 Wh ~ hy) s(I.4xto* ibin \C 1541.1 -75.17 Ghar Ub J 
22,042 X 103 Biella a e 
Coy The аума ef ficiewuy cs i 

_ Wegcle _ 7.11 xo _ 

n= — “aixo? ” 0371 (31.1%) аа 
{low vate of coolt 
m (a - Мз У 


hew, out * 


(d) The mass we waber rough We Condeuser is 
: (1.4 xco* ibl )( 387,0 - 03.1) Bha/th 


| - 0,071 x10? Ibl miu 
(48.09 - 28.08) Bh /Ib [OO mia] ki 
Wit UZ, = Ug Coorg) 2.01609 H9/Ib , (AV) = May Mey = Ob H/m 


Mews 


Cw, CA 


(Av) 


4j-————————-— СМ) 
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X 
PROGLEM 8.20 
KNOWN: The cy cle of Probem 8.14 1s modified {о mclude a HoH hing valve 
between the steam generator and the turbine mlet. 
ELIN D; Re peat the analysis 
P J Р, = (006 Ш, 


{000 Ibt * ул = 1,4X107 ibl 
bf ы * 










Qw 


ل — — — — 


Cooling 
water 


S 
Sat. lig. 
ASSUMPTIONS: Same as Problem 8.19. Also, 2 з | lbflin® 
process aeross the valve is a throttling Is 
p 


Process . 
ANALYSIS: From Problem 8.14; h, = (541,1 Blu/lb, h, = 69-74 Blwlb, and 
hy = 15.11 Bhillb. Further, hy = h, = 1541.7 Вини. Tnterpolatiug in Table А-Чє, 
5, = 1,0953 Bus tb. PR. the specific enthalpy at State 2 
is found using the turbine efficiency 
Wtf т^ hs- h 
ёз) „Ме — 
t (Wy /m)< h S has > * ' ny th, >з) 
Using dota from Table A-3E ; Xa = Bag Sp /Spg2 = 0,8197 and hu, 418,9 ӨҖмЛЬ 
Thus, h,= 294.4 [ Bes lb. 
@) The net power developed is 


Uude” Yh [ Ch, 7 ha) -(h,-h او‎ =(.4x10° 18 1K 1541.7 -4Q441) - (25.17 „лч Bta 
= 1010 моё Blush Weyl 
(b) The heat transfer rate for the steam generator is 
Qin = Yh Ch,- hy) = xo^ (154,775.17) Blas tb | 
= 2.062. x0? Btu/h a Qin _ 
(c) The thermal ебнаеисц iS 
h = Weycle 1010 xeo 
С Qiu — 2060X101 
(d) The mass How rate of cooling water through the condenser is 
" Е el _ 
= Wachs) Соч xio® WY) (924.41 - 64-74) Bulle ола уо hdi 
М оов Pea (48.04 - 28.08) Віль |oomin/h | 
WI "Ut, Upo F) = 0.01604 H5/lb , KN) = UL, m = 0130 x10" Ге a AN) cw 


The primary effect ec the Yrcottl ing valve is +o reduce the turle 
work. TWis Causes a decrease in ermal eAficiency aud an 1м orease in the vate 
of cooling water How required. 


= 0/372 (31. a % ) 1 
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PROBLEM 8.2.1 


KNOWN: Water is the working fluid in a vapor power plaut. Pala are known 
at various locations and the mass flow rate is given, 

END: Determine @) the net power output, tb) thermal есеи, (с) the 
rate of Neat Асом; ес from the hie connecthe the steamaenerator 


the tuvbine, amd) the mass flow vate of covidenser сое wale 
SCH 





C GIVEN) DATA: 


Rine 


n, *.88 


Г; 










ÅSSUMPTIONS :C1) Each compenewt 15 analyzed ksa 
cowkrol volume at steady state. (2) The Hure and 
pung operate adinhatrally (3) Kinetic È potential 
evevgy effects ave negligible. H) For He cooling water, 
assume W hein. 

Anaysis. First, {x each of the principal states. 


Shll: p= BMP, Туе 480% => h, = 3348.4 Teg , 5 = 6.6586 kkg -K 
State z: Pa > 7.6M Po 5 7, 2440°c => Interpolating 4A Table A-Y ; 
h,= 3252.3 kJ/kg, S27% 6.5526 КЧ/ kak 
State 3; Stoke 3 کا‎ fixed Using the turbine e Ce ew . First, at Pa /0 к Pa, 
Segs +5. = 6.5520 + X 357 0.187 3 hss =, 2075.0 kT/leg | Thus 
n Oili) = h,-hs | 
t (wz / ^s Ls > ha ый: he Nal ha- V ss) 
з 2216.3 к/а 
Furkhev, wit hs = 2216.3 k3/ke s X3 = 840] > 6, = 4458 Y 3/ PA 
Stoke 4 : Py = 8k Pa 





Ty = 30°C A hya Ng Ст) = 150.80 kT / leg‏ زه 
State 5: hee hyt Vy CPs -Py)‏ 


-3 m3 e )ا‎ | kT 
= 150.86 + (1.0063 хб \ ( 86.-. 08) bars РР MS UTR 
2 |SO.86 - 8.046 = 151. 51 kJ/kg 
Thus, using ere pump efficiency 
Weím)s hss ~ А h 
2 بے‎ = Ss “WY : zs- hy 
Welw) he oh > hs = hy + ( ) 
| Р 5 ч Ne | T 
| бз ОСА e 
SET ) 
= 160.64 w3/k« 
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PROBLEM 6.21 ( Contd.) 
(^) To determine the net power output we use energy and mass balances for 
the contro! volumes 5 (row v.e Ha turbine ond pump фо 2t 
Wet, = N-Wp = m (Cheha) - (и hay] 
Jy sev Ад Valu 




















= kg Е = Е kT |i lew 
— (14.53 3) [ (3252.3 2216.3) - (160.69 (50.96) | vali brun à , 
= 8.161 xo“ kw) ee 
(b) The +hevmal e Hct euey LS 
W | 6.161 xi of 
Y= Ris cu MS _Woyhe 0. ес 
Ain va (А-ду (19-53)( 3348.4 - loo.69)| 7| 
= O49 22 саза 
(су For a control volume enclosing the line Connecting the steam 
generator amd the turbine 
О = Cie +m (hh, o-ha) 
or ` | _ 
Gu, = Mlha у = (so ЕТ 3. 3348.4) S. |! ЕМ 
line а-у = 6 с (3252.3 - 3348,4) Ager 
2-7643 kW hing: 





(2) The mass flow rake of cooling water is found from 
до -A0 | 
0 = ker Whey + vh Chaya) + Mery Chew, ewok) 
Mew = mhatha) 
(h cys out = hew, in) 


From Table A-2, Wes out  hg(35°) = 146.68 Tlg amd һу. hplis%)= 6244 lal. 
Puserhùg values 


ov 


(2216.8 - 180,86) Mm 


А _ ks x 
Mews 7 (14.53 3) ( 146.68 — 62.99) 1963 kals a Ма 
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4 
PROBLEM 8. 22. 


Known: The ideal Raukine cycle of Prob. 3.9 is modified {о include the effects 
of friction in He live Conneching the skam 4 wmeratr to the barbie, the 
Co Wd. ev, oud the skam ator. 

ELIND: Determine for themodified wele @) the net power developed, Ф) the 


s р | 
Hur mal efficiency , (€) the heat rate, aud Cd) the mass flow rate of Cooling 
water inthe condenser. 


SCHEMATIC $ GIVEN DATA: 


m 21,4 хоё tb/h 





ME "ES P = (eco рл — 
i TEE E. 
f an سے‎ p жы سے‎ чыз жш جس‎ — — p eee L^ W, 
5 2 d R 0.د‎ e 
9 Р 21600 Wet ie D 3 Н. 
TT, 21000 °F 3 
$i zv Rom mme eam dm rm m. (S اڪ‎ 
{ до 
| Y 
| i Qout 
| 
Fs = (100 tbt lin” Condenser Cooling 60°F 
—— water 
5 Ритр | 
C) Ty 2 90°F 
: 4 
W, 


ASSUMPTIONS: (1) Each component 15 analy zed ^S a tontrol 
volume at s+ State (2) The bwbı йе amd ер o pevote 
adiabatically ama reversibly. (3) Kinetic amd potential energy 
effects owe neg ае (4) For the cooling watery, assume het hpg CT. 
ANMA 515: Fist, fx each of Ha principal States. 

Stade l : p 00 Іри, Т WOO ер > h,= 15917 Вии 5 = LOLS Btu/lb°e 

Stake 2: р, = (500 Ша ,T,2169 PF > М. = [440,3 gulli , S,= 1.000Ҷ BLu/15.9e 

Stoke 3: р =1.0 104114,2 5,25, => 2. 53755 _ (0004 —0.12327 _ 

3 ر‎ 78 2 х, = Spo = — B45; . 20.125 








ond b= Wet Xs hgg = 697,14+(07725)(1036.0) = 893.4 Blu/lb 
State 4: р, =0,8 сл? 742 90°F Ф het hy(aorr) = 58,07) Btu/Ib 
Sa * Sp (40°F) = 0.1117 Bhu/lb.°R 
V, * CIO) = 0.01010 47/1b 
‚ hs - = н | A Lars 
Stoke 5 S Mat V СР. P4 ) = 58.07 бм 10.0110 # UAIL aay 2 75431 
= ФУ Bk, /lb 
(a) The net power developed کا‎ 
W 


ce > Wp = м Khaka) - (6-0 
= (1.4 хоё BA iC i03 - 893.4) - (03,5 7 58.07) ] ^ 


= алво хоё BU gag Nude 
(b) The Mermal eC cie) US | 
iG GA Е m(h-hs) ` 1.4 хіое)( (547.7 - 63. US. ) 


g | 
= Stre a 0,30٩1 (34.87%) «—  — — 
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PROBLEM 8.22. (Cowt'a) 


(с) Using the definition ow Fa. 376, the heat vote is 





-— _ n _ 2.018 xo" Blk 3413 Bhu 
mte Wagte 9.29 (o xı0 8 elk. lleW 
= #5594 Bka/ kW-h heat ирде 





@) Mass and — balances for the сохто volume enclosing the condenser 
reduce of follows: 


pr Mey Wa (ahe) + es Chey, i, Wesson 
or | E 
е I 
Cw ou 7 MA 
From Table A-26, ho, = hylborF) «2808 Brule and ho, 160°) = 48.09 Sub. 
wo 


S 
= (i4 коё 3 E ST = 
| h 
48.04- 28.08 


ت اطا 5.84401 = 


§-36 


PROBLEM 8.23 


KNOWN: Steady- State operatng data are provided for o. Vapor 
power plant w whch steam exiis the turbine as a two -phase 
gud- Vepor mixture at temperature Т. and condensate exids the 
Condenser at SPF lower than T. 

EMD: (a) Rr T= 80°F, deternune the 5 едил 4 val ty at th, turbine. 
ent, thea mass flew va t, and the cycle theri ut efhracency, Co) Plot 

tro quan К bes of (a) versus T Pe ^ qus fou. 80 to lo SOF 

SCHTMATIC GIVEN DATA: ; ASSUMPTIONS: 


l۰ Con Мої vyolumec enclosing each 
af Ма prmnepal Components Iå at 
Steady state. 

2. The [vp and fecroine operate 
adiaka hea lly, 


$- Fone he /poten hot energy cor be igu ed. 


& Condensate ем} r^» condenser 
Gud enters th pe^ p os Sat. Au qudd, 





AMAULXSIS. First fix each of the рле ера! States for T= 86°F : From Table A-¥E 
hız !517.8 &/Ib, S,=1-FIST Bhylb OR. Then, with Sac 25, ди dede fro Table A-2G° 
Ks: Sun Sf = 


= 165 ~ 0.09332 - 0.935 $.04 +(о.®%35)(!о42.3 
Sa-f СЕЕ 77 has: + (o.83s)(10€3.3)- 423.4. Biv 





Thean, w: h~ 
W= = > hoz hi- Mt (h, las) = 151.8 - o A (isi3.8.423-4) = 492. € B^/ le 
(7C NZS 
> Xa = "M. 152.8 -TR01. 0.842 س‎ 
neg 1043.3 
А+ Stele 3, \\з = be (FSF) 434 Gh.) lb . Тоо, usa hg a Val Р-Р: ) J or 
ы 4 Bie оь tt? Y coo — 0.43 pou |n Ain B4./ b. 
Ness 43 T б. l тє d oo 43) LE e£ | He 19999 TRH- 7 = 444 
Then, Ы 
мре S> из > Wed e s-h3). 4314 (463-11 Aus 45.4 Bh/p . 
hy~h3 p 


“Tha thoy mal = Бедем су о olo Tz rad оо 


T Waja — We/m . W- = — (ич -из) „ O5178-9%2.8)—-(45-4-431)_ зрә 


а/м – hy ISIB – 45.4 
The maase م‎ w het А 2 | 3413 Btu/h 
lo KW —— 
ош Wnet : К ) | ew 


= 64x 10" lb يه‎ 





Qu )- (ope) (532.7 В\ҹ/ lb ) 


The dala fr Wa required plete are obterued Using IT, as (еи : 
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PROBLEM $.23 (Comta) 


IT Code 


p1 = 600 // Ibf/in.? 

Т1 = 1000 // °F 

T2 = 80 

T32 12-5 

p3 = p2 

p4 = p1 

efft = 0.9 

effp = 0.8 

Wdotcycle = 1 * 1000 * 3413 // Btu/h 


hi = h_PT("Water/Steam", p1, T1) 

51 = $ PT('Water/Steam", p1, T1) 
p2 = Psat T("Water/Steam", T2) 

h2s = h_Ps("Water/Steam", p2, s1) 
h2 = h1 - (h1 - h2s) * efft 

x2 = x hP('Water/Steam", h2, p2) 
psat = Psat T("Water/Steam", T3) 

h3 = hsat_Px("Water/Steam", psat, 0) 
v3 = vsat_Px("Water/Steam", psat, 0) 
h4 = h3 + v3 * (p4 - p3) * (144 / 778) / 
effp 


Woycle - (h1 - h2) - (h4 - h3) 
eta = Weycle / (h1 - h4) 
Wdotcycle = mdot * (Wcycle) 


0.36 
0.32 
0.28 
0.24 

0.2 
0.16 
0.12 
0.08 
0.04 


80 85 90 95 100 
Ta E) 


IT Results for T, = 80°F 


h1 = 1518 Btu/lb 
h2 = 982.9 Btu/lb 
h3 = 42.67 Btu/lb 
h4 = 44.9 Btu/lb 
x2 = 0.8919 

n = 0.3616 

m = 6409 Ib/h 


PLOTS. 


0.9 


0.8 


X2 


0.7 


0.6 


7000 


6000 


5000 


4000 


3000 


т (lbh) 


2000 


1000 


105 80 85 90 95 100 105 
T2 CF) 


As the cond. ew sen" ide i able uA Сед ses, He олса Укол wal effi ciency decreases as 


eypecked. As a ves 
mass How vale. increases. 


le turbine exit quality М oreases oud Vea. aurea 
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PROBLEM 8,24 


KNOWN: Water ıs the working fluid ти a simple Vapor power plaut . Pater 
are known at varios locatcéns. 


FIND: Determine (a) the net work perumt mass of steam flow, (b) the heat 
usfer per unit mass of Steam passing through the boiler, (с) fhe. 

thermal efficiency, and (d) The heat transfer per unit macs of steam 

Passing through te comdeuser. 


Qin Fz I8MPa= [Вораг 
SCHEMATIC Ё GIVEN) DATA: ў жое” 







Cooling 
water 


5 =0.04S bar 
| з 1з= 26°C 
Ww Up 0.77 





ASSUMPTIONS:(1) Each condrol volume Shown is at steady Stete (2) The tuvbine 
aud the pump operate adiabatically.(3) Kinetic and potential energy effects 
Can be neglected. 


ANALYSIS: First, {ух each of the principal states. 
State): p =180 bar , T,= 560°% = h,= 3444.4 1<7/164 , s, = 6.4392 kT/kg-K 


Statez: First, p, =0.06 bow, and Szs =S, SX, s= 0.15783, ha 57 1782.4 kTlleg 
Usiha the turbine efficiency Уц = Ch, - ha Ch, - has). Thus 


haa h,-"yCh,-has) 32245.6 15 
Stafe 3: From Table А-2, P; 


liguicol state. Siuce Ha pressure Is low, h, £ @ 26° ° 109.07 Tle 
amel АЛ, X Qa рос = 1.0032 ×07 ˆ Valles. 


State 4: First , hus * hs $- 15 ( Pq - Рз ) 

107.07 k The +-(1.0072x10" "8 )(182- 0,045) [ах 

127-32 [| 

Using the pump efficiency, Ир = (куе - Аъ) Сч hs), Thus 
hy = h, + (А-У = 132.78 т 


(A) The net Work per umt mass of steam flow is 


Weycle = WE -Wp = (h,-h2)-(hy- Аз) 
v^ MAN NS 


Psat о 26°C" Thus, state 3 (SG sub-cooled 


[kT 


to? Nem 


[05м [m> 


| bar 





y WW 











= (3444.4 -2245.6) - (132.78 - 104.07). 


= [175.1 з gegen 
(b\ For control volume. enclosing the Steam passing Yhrovah the boiler 
— hi -hy 


vw 
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PROBLEM 6.24 (бора) 
Thus 


бо 
mM 


(3444.4 - (32.78 ) E3/ka 
= 3311.6 I7 [les а Gl m. 


(c) The thermal efficiency is 








К Weyele lm _ HISA | | 2 
Еа тыс ш w 


(d) The heat transfer to cooling water passing through the condens 
ve kg of slam condensed к" : 7 T 


Qout та 
E = hi-h, = (2245.6 -]64.07) kT leg м 
= 2136.5 I | —————— MSN 


9-40 


PROBLEM 8,25 


KNOWN: The turbine inlet temperature and condenser pressure ore 
specified in the preliminary design ot a Vapor power plaut 
with water as the working fluid. The turbine efficiency 
IS also kuown. 


Determine the steam generator pressure re uwed if Hie quality 
at Ме Yuxoine exit Must be at least 90o. 
! 









SCHEMATIC 4 G\ven DATA: 520°C 
T 
pressure 
Initially 
ہو‎ моии 





: S ; 
ASSUMPTIONS! C1) The Control Volume is at steady state. 2) The turbine 
operates adiabatically .(3) Kinetic and potential energy effects ave 


negligible. 
ANALYSIS: For fixed turbine inlet temperature, He value of tuvbihe exit quality, x, 
decreases as Tuv bine inlet pressure p is increased. А tral amd evvor procedure сал 


СТ ve used to find v, cowespording to х= 90% using table data, Altevnativele , 
saa M wde cam be used to sweep p, from bo bar Yo 120 Vo aud 












£A wwe. We Covretponda 4 value A Xa. 

iT Code 

Т1 = 520 //°С IT Results 

ou ш e Jeo [109 — 

ape 
efft = 0.8 hı (kJ/kg 3469 |3447 |3425 | 3401 


hə (kJ/kg) | 2404 |2361 |2326 | 2295 | 
| Sos (kJ/kg:K) [16.94 |6786 |6661 [6.555 | 


h1 = h_PT("Water/Steam", p1, T1) 
51 = s_PT("Water/Steam", p1, T1) 
h2s = h. Ps("Water/Steam", p2, 525) 
$25 = $1 

h2 = h1 - efft * (h1 - h2s) 

x2 = x hP("Water/Steam", h2, p2) 





0.94 
0.93 
0.92 
x 0.91 
0.9 
l. I+ is Common practice to main tan 
0.89 "e at least 45% $ 4 at the exit of 
0 a steam turbine to avoid undesirable 
0.88 eflects 
60 70 80 90 100 110 120 


р+ (bar) 
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PROBLEM 8.26 


known: Water is the working fluid in au ideal Rankine eucle with 
reheat. Data are known at Various locations. 


Determine the thermal efficiency of the cycle. 


Qin р,= 10 М. Turbine 1 
4h? 00% Turbine 2 






P vessure 
im tial 
unknown 


f 


ASSUMPTIONS: Same as ги Example 8.3 


ANALYSIS: First, fix each of the principal states. 


State L: Р = 10 м, T,2e00% #> h, * 3625.3 LT/ky , s, 26.3024 1165 
Next, Skip to State 4: p," бк, j Xy 20.9 4> hq = 2325.8 3kg 
542 7.5445 q; K 
State 3: Тз = 500%, $54 * 3, = 77.5445 ку | lcg: K => Tuterpolating U^ 
Table A-4 5 р 215735 bar , i, 3412.3 11 
Now, State 2: With 5,25 = 6.902% КУЫ, Р, =P, 215,135 => Double 


interpolation in Table А- Ч gives hh, ~ 3040.5 le Thkg 
Date 5* р. = 6 м Ф. ‚ sat. liquid => hs = 151.53 kT/kg 


State. hy = hs + Us (fc- Ps) 
> 151.53 EX 


-3) MÈ? (100-.06) b joSw|w*]] tle | 
Ra t (1.0064 хо )oc ) oor б [озим 











= 151.53 410.06 = 161.54 5/14 


To defermine the thermal efficiency , rst evaluate the net worl per 
uunit mass of Steam flow 


Waele „ We -YE = (hiba) (ha-ha) = Che-hs) 
= (3625.3 - 3040.5) +(3412.3-2345.8) — (10.06) 
= 1121.2 kT/lesg 


Also, the total heat -trousSer for Ме. boiling /superhecct ing , per uwt mass 
oF ‘steam flow i 


$ 

Ain [жа = (и-и) ни) = (5625.3 - tet.) (26 12:3- 2080.5) = 36455 E 
E Weyele lw. " 121.2. — ۴ 

“КИЛ 3895.5 0.442 (44.2 />) 
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Thus 


ee 


PROBLEM 827 


KNOWN: The ideal Rankine cycle of Problem 8.4 is modified to iuclude 
reheat. The mass flow rate is He same as in Problem 8.9, 


EIND: Determine for He modified cycle (a) the net power developed, 
(b) tha vate of heat transfer to He working Fluid in the reboot 
process , aud <C) the thermal efficiency . 
ScHEMAnc $ GIVEN DATA: me L4 ко” lbih 
— — = Р, = [looo kf 


Steam 
generator 













ASSUMPTIONS: Same as Example 8.3. 
ANALYSIS: First, {хх each of the prin cipal states. 


State L: f =(l00 Ibl? T= (00008 => h,= 1597,1 Shu lb, $,= LOS Btu/ib- R 

State 2: 3, =5, = (OMS Biu/ib- R , saturated vopor = Tu+erpol at e in 
Table A-3&; Р, = 70.5 4:2 , hy = Ци, Gelb 

State 3: р = 10.5 lbthin? , Ту = 00° > ha (57.4 Зн, 5, = [.Q(0S эа/%-°е 


Py <1 ШН , spas, Y> Хч 0.0005 , hq = 1095,9 Btu/lb 
State 5: р; =1 10914“ sat. liguid > hs = 69.14 Bhu (lb 


Sfefeo: h z hs + Ug Ср, Ps) = 14.52 Blu/Ib (see Problem 9.4) 
(4) The net power developed is 


Weyete = Үй [ wal va -Wpl vis | = м {Ф,-һ,„) + Ch3- hy) = (Gh, - hs) | 


=(.4 Kio” 2 } К 5977 - (191.1 (65324 -(045,3)- (14.52 64.74) ) Si 
= (.((8 xeo? Btu/h 


Weucle 
(b) For Ила reheat Process 
| . = l Е 8 
R емо 
(c) The Harmel etfircrency is 


ix Waje _ Wele _ LRS x10? 
вы м LG he) Chhay) 19 10 Cisy? ~14,52)ң015%24 -tgt. 0] 
= 0,439 (43.8% ) — 
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PROBLEM 8.28 


KNOWN : the ideal Rankine 


cle of Problem 8.2. is modified to include reheat 
to 480°< of a pressure of 0.7МРа. The net power output is known 





END: Determine (a) the rate of heat transfer fo the working Силти the 
steam gen erator, b) the ermal efficiency , and Cc) The rate of 
heat transfer to cooling water passing —* Phe condenser: 

5 M 

ASSUMPTIONS: Same as Example 8.3 


ANALYSIS: First, Fix each of the principal states. 
State l: р MPa = Воот , T=- 480% - h,= — т ‚ = 6.6 586 k3 [leg K 
Stale 2; p=0.1M?la= Toor ‚з„=5, Ф x, = 0.989S , h, 2141.8 k3lla 

State 3: R= 07м, T, 480% => h, — kslka ر‎ $,- 1.8723 kTl kg 


State 4: Py = 0.08 баг, 2, 5, > Xy 





- 5+ _ _ 
5. = 03533, hy = 2464.8 kT ke 
State 5: р; = 0.08 bar, sat. liguid => hoe 173.88 kll , 


UE = ].0089х10 z mks 
State 6: h, * he t Us Ср, - Ps) 


173.68 + (1.0084 x10?) = ks *( 80 - 0.08) bar 
173.88 + 8.06 = (81.94 е 


(AY To determine the rate et heat transfer б : first find the mass flow 
rate. The net power output of m а is 


Wnet = We, tW,, - W = m [ ch, -hz) + Chy-hy) ~Che- hs)| 
or W yet 
hohe eC, had -he-ks) 
(oo Mw) lio? kTls/1 мм | 
“((3348.4- 2241. 8) +(34 38.49 – 2464. €) - -(&.oc]] K/kg 
= 63.59 lgís 


The heat transfer rate is 
бы = ма CO he + (sh) 
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lo? کا‎ iL | ЕТ 
l ear 


PROBLEM 8.28 (Cont'd) 


Inserting values 

Qin 63.54 53) [(зэчвл - 181.44) + (2438.9- 2741. в) 
-2*5.'l мимем 
(b) The thermal efficiency is 

. Wwt __ 100 

" Qi — 245.7 
(€) The rate of heat tran ; | : 
Т бс Ег: sfer fo the cool ng water passing through 


| HW 
107 l/s 











= 0.407 (40.7%) % 


و 


Q ous = m hy - hs | 


لال | 2& ] 173.08 - 2464.8 ()3* 63.59) = 
ka(s‏ ?10 ل 


= 145.7 MWg et 
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PROGLEM 8.24 


KNOWN: The modified cycle of Problem 8.28 is reconsidered. 


END: Investigate the effects on cycle performance as the rehecc 
pressure and jede do {on tale on other values. Construct 
suitable plots а discuss. Consider first he (deal с cle and 
then assume the turbine and ("p have isentropic efficiencies 
(ess than unity. 


SCHEMATIC & GIVEN DATA: See solution fo Problem 6.28. 
ASSUMPTIONS. See Example 8.3, and We =n: Np = 0.8 for the second 
part. 

5: The performance of the cycle is investigated by determing 


the effects on thermal efficiency of varying the reheat pressure and tHe 
reheat temperature in turn. 


Reheat Pressure. 480% 


The. reheot pressure LS 
varied while the reheat 
temperature 15 held constant. 
The effect on thermal 
efficiency is shown on 

the graph below. 





I. Note that the curves for 
both the reversible and 
Irreversible Cases exhibit 

"YA Ax WA uv 5, indizatin 

an optimum reheat pressure. 
However, the effect is slight. n Nu = Tha = Np = 100% 


2. Note thet the problem of Па = По = Np = 80% 
low quality «t the turbine 


exit is reduced as the 
reheat pressure is lowered. 





^O 10 20 30 40 50 60 70 80 


Reheat pressure - bar 
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PROBLEM 8.29 (Cont'd) 


Keheat Tem perature 


The reheat Temperat ure 
[s varied while the reheat 
pressure is held constaut. 
The, effect on thermal 
efficiency is shown on 
thegraph below. 








0.5 

аа , 0.4 
|. Thermal efficiency 15 
only slightly affected 
by reheat temperature. 0.3 
in this case. Both the " Na = Nha = Np = 100%. 
Yeverysible and irreversible 0.2 Nh = Tha =N, = 80% 
coses follow similar 
Penas. 0.1 
2. Note that the problem P2 = рз = 7 bar 
of low quality at the T 
turbine "exit is reduced 200 250 300 350 400 450 500 
Os the reheat temperature Reheat temperature - °C 
increases. 
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PROBLEM 8.30 


KNOWN: Operating data are provided for an deal Ran kine cycle 

that has re heat at pressure Р Cetween the turbine STAG е5. 

FIND: (8) 15 P/PO 5 where P, ù the turbine inlet pressure, detevurine 

tha cycle thermag Эп чей су and steam Quality atthe емгр 4j жа. 

SL cond turbine S tage Co) Plot +a 4 van T tres of (o-) 

. Verrius 

from, 6.05 401-0. i hdc: ie, 

SCH MATIC & CIVUEN DATA: ASSUMPTIONS: 

82250 e f fin i. геи Volumes enclosing each of T^^. 
Principal Componenti Ave at Steady 
State. 

2. Each process tS fa ternally revevs: ble, 
Ond the turbine s fase and power 
Operate مله‎ hk ea lly 

3- Kinehr/potenhod enersy can lae io wofed 





S 


ANALYSIS (0) For ths case P/P= 0.2 or p= Soolbf lin) Ha риги oA states 
—— 5 i ) 2 proe 

o. (e Axed مه‎ Sy lows: From Table А-чЄ, hy 2 1457.2. 8/16, S= 1.5262 Bh-//p. °R, 
With S =S, pinterpolahm un Totten A-4G at боого |, gives и: = 1264.9 Gh lb , 


(D Ах эз, hg = 1520,7 I Sgt 7311 B lb: ое. Then, with date frown 


dede A-36 ot libt/jn , and Sy=S3 — киш ыш ы X4 


Xa. 932 $E. 67370 —- 0.1327 _ о 595 D Ww- (9.744 8 1026.0 2970,5 
+ -PRHE — => م = ا‎ + 867 5 (102 „о| 5 Btu/lb 


From Teb А-ЗЄ, hy = 64-7 Ghilb wt hoe ИСА с(®%-Р;) Jor 


| iin \ Bh- = ha 
ne ente « oou B (2500-1) BE | EE] Ngare = 772 SE 


Tha Wero given bg 


N (hıma) + Сиз = h¥)_— Che -hr) _ (бус? 1264.9) + (1$2031- 376,5 ) ~ (72-7) _ 0.449 (M39) 
a 


(hı = he) tlh -he) (14972 - FFD) 4 (120.7 - 1264.4) 





(b) The data for the required plots ave obtaimed using IT, as follows: ^ 
It Code 
р1 = 2500 // Ibf/in.? h3 = h_PT("Water/Steam", рз, T3) 
Т1 = 1000 // °F | s3 = $ PT("Water/Steam", p3, T3) 
pratio = p2 / p1 h4 = h_Ps("Water/Steam”", p4, 54) 
pratio = 0.2 s4=s3 
p3 = p2 h5 = hsat Px("Water/Steam", p5, 0) 
ТЗ = 1000 // °F v5 = vsat_Px("Water/Steam", p5, 0) 
p4 = 1 //Ibf/in.? h6 = h5 + v5 * (рб - p5) * (144 / 778) 
p5 = p4 | 
рб =р1 x4 = x_hP("Water/Steam", h4, p4) 


eta = ((h1- h2) + (h3 - h4) - (h6 - h5)) / ((h1 - h6) + (h3 - h2)) 
h1 = h_PT('Water/Steam", p1, T1) 
s1 = $ PT('Water/Steam", p1, T1) 
h2 = h_Ps("Water/Steam", p2, 52) 
52 = 51 
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PROBLEM 8.30 (cont'd. ) 


IT Results for p;/p, = 0.2 (p; = 500 Ibf/in.?) 


h, = 1457 Btu/lb 

s, = 1.526 Btu/Ib-^R 
ha = 1265 Btu/lb 

ha = 1521 Btu/lb 

$3 = 1.737 Btu/lb-°R 
h4 = 970.4 Btu/lb 

hs = 69.58 Btu/lb 

Ne = 77.05 Btu/lb 

vs = 0.01614 ft/lb 


n = 0.4493 
x4 = 0.8695 
PLOTS: 
0.5 1 
0.49 0.9 е 
0.48 0.8 
0.47 0.7 
0.46 0.6 
= 045 y 05 
0.44 0.4 
0.43 0.3 
0.42 02 
0.41 0.1 
0.4 0 
0 01 02 03 04 05 06 07 08 09 1 0 01 02 03 04 05 06 07 08 09 1 
p2/ p: p2/ pı 


The plots show the thermal efficiency is affected by reheat pressure , with a 

Maximum at p/p € 0.2 40 0.25. Mso, 28 the reheat pressure {increases the 

— ot ке urbe exit decreases, Which is Consisteut with polvd 4 ow the 
-S diag vam moving To the ut. 

1. In eavly printings of the 4 edition ; tue value of s given in Table А-4Е 


ak p*soo lbfla,-T-looo*rF wes tncervectly listed as 1.1411 Bhus/lb-°R | 
The coveted valu of 5 = 1.1311 15 used ги phis Solution. 
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PROBLEM 8.31 


KNOWN: Water is the working fluid in an ideal Rankine eyele modified 


to include three turbine Stages with reheat between the stages. 
Data are lenown at various locations. The pressure of 


tho steam exiting + ha, first -stage tarbinet 0 P у 
Fran. (a) rt p= * M Pa, dades qhe uet wor K per vat 
flowing and tn cim th ; 


Cio) Plot ths qvauh Hes of part (a) Versus Р hans ins Fy own 
O.S to | M fa. 


SCHEMATIC Ф GIVEN DATA: 


q Илл. 3 3 





ASSUMPTIONS: Same as in Example 8.3. 


ANALTSIS: (a) p> + MPa. Rest, x each 4 1 pein ср Si. 


atatel: р = 320 bar , T3520 °C => h, = 3133.7 kTlkg,s,25.8357 IT (ks 


statez: P= 4o bar , s, 2S, «> х. = 2.9284 jh, = 2018.1 lE 3/kg 
Stete 3: 


Pa 240 baw , T= 440°C 3> h,= 33071 KT /ks , S, = 6.3091 kT/kg-K 
State 4. Рф = 5 bar , 54 = و‎ => hg 22185.0 kT/ keg 


State 5: pg = 5 bar , Т. = 300° => hs = 3188.4 КТК, sg 27.606 kI/ky-K 


Stake о. р = 0.08 bar , S,2 $5 > Xe 2 32631 he = 2397.9 kT Ike 
State 1: p.:0.098 bar , Sok. liquid, => ho = 173.88 kT /leg 


hg х ha + АЛА Сра - P.) 


= 113.88 in) + (1.0084 x10" 3 ) B= C320 -.08) bar 





ie Nl” ы. 
thar Î (Ê М-м 
= 113.88 + 32.20 = 206.14 kI/ ka 


(2) To detevmine the net work 


per umt mass of steam Flow ing , 
beg A 


with the turbine stages. That is 
we = СА, Аа) +(hs-hq) +С hg - hc) | 
= 133.1- 2678.1) + (3501.1 2185.0) * (3168.4 23444) 
= 1105.0 kT/kg 
And, for He pump 


We = hg - 4 = 32.26 kT / kg 
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PROBLEM 931 С Contd.) 


Thus : | | 
Weyele „ WE WP . 1165.0 - 32.26 = 1132.3 Ks leo Weyele [a 
mw "^ m 


For the working fluad Passing 


through the steam gene rator, 


the tolal heat trausfer including “the veWeat processes 15 
Rin = (lh he) 4(h,-h«) + Chs-h4) 


= (3133.7 - 206.14) +) 3301.1 - 2618.7) t (2188.4 - 2185.0) 


= 34544 V3lka 


thus, the thermal efficiency Is 


ү = Weycle [| мл — 133.3 
Qin/ Yn ъ4 59.4 


= 6.438 (43.8 fo) Y. 





(b) The data fev the vequwed plots ave obtained изи T, as follows - 


IT Code 


p1 = 320 // bar 
Т1 = 520 //*C 
p2 = 40 // bar 
p3 = p2 

T3 = 440 //°C 
p4=5 // bar 
p5 = p4 

T5 = 360 //°C 
p6 = 0.08 // bar 
p7 = рб 

pê = p1 


// First turbine stage 

h1 = h_PT(‘Water/Steam", p1, T1) 
s1=s PT("Water/Steam", p1, T1) 
h2s = h_Ps("Water/Steam", p2, 525) 
525 = 51 


[Т Results for p, = 4 MPa (40 bar) 
hı = 3133 kJ/kg 

S = 5.835 kJ/kg-K 
hos = 2678 kJ/kg 
ha = 3307 kJ/kg 
S3 = 6.903 kJ/kg-K 
has = 2784 kJ/kg 
hs = 3188 kJ/kg 

S5 = 7.665 kJ/kg: K 
hes = 2399 kJ/kg 
h; = 173.6 kJ/kg 
has = 205.9 kJ/kg 


W /m = 1734 kJ/kg 
cycle 


а, / m = 3960 kJ/kg 
п = 0.4379 (43.79%) 


// Second turbine stage 

h3 = h_PT("Water/Steam", рз, T3) 
53 = 5 PT('Water/Steam", p3, T3) 
h4s = h_Ps("Water/Steam", p4, 545) 
545 = S3 | 

// Third turbine stage 

h5 = h PT(Water/Steam", p5, T5) 
55 = 5 PT('Water/Steam", p5, T5) 
h6s = h. Ps("Water/Steam", рб, 565) 
s6s = s5 

// Pump 

h7 = hsat_Px("Water/Steam", p7, 0) 
v7 = vsat_Px("Water/Steam", p7, 0) 
h8s = h7 + v7 * (p8 - p7) * 100 


Wt = (h1 - h2s) + (h3 - h4s) + (h5 - h6s) 
Wp = h8s - h7 

Woycle = Wt - Wp | 
Qin = (h1 - h8s) + (h3 - h2s) + (h5 - h4s) 
eta = Woycle / Qin 
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PROBLEM 8,31 (Cont'd) 


PLOTS : 


1800 
1600 jer — 
1400 
1200 

1000 

800 

600 

400 

200 


/ rn. (kJ/kg) 


cycle 


W 


0 10 20 30 40 50 60 70 80 90 100 
рг (bar) 


0.45 
0.44 
0.43 
0.42 
0.41 


0.4 
0 10 20 30 40 50 60 70 80 90 100 


po (bar) 


The p lots Show Jua Fhe саса net work oud thermal efficiency are afecteel 
by the volu of Р. Each plot exhibits д. MAKIMUM , | 
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ж 
PROBLEM $9.32 
KNOWN: Woker is Ум оло tk ~ Liuid i ar ideal Rankine cycle eod ed to 
include Lwo turbine stages wilh reke between Ce stages. 
The turbine and Quon Же УУ ee es are WV S Yo. 
FIND: (а) the rate of heat trans ber Lo Wwe working са poss ^29 tr rough 
fre skeamgqenerator, ($) the rate of heak transfer Crom the working 
Cato passing trough Me Condenser, and lc) we cycle efRiciency . 


SCHEMATIC ¥ GIVEN DATA: 





s Saturated liquid 
ASSUMPTIONS: Same 05 in Example T.3 
ANALYSIS; Fiest, Lix each of me principle states. 
Sorel: Р = 4X00 bei, T; (0007 Р => Wt 01.4 BR (lb, 5, 0.9018 Bl / lb *Q. 
Stoke: p sooo lbe/i4, $2, 2 8, => К, = 0.4500, hes = UG1.49 Bha / lb 


M = 0:85 =D > р = 18.8 Bha / 1b 


stoke: (ут 00 lb /imt , Ту = (000° € Ph, = (507.8 BI (Ib , 5 = 155$ ВК (Ibn, 
HE Py ~ \ Ibe (ine , Sug 25% و9‎ Kys =0,8S71 / hus = @5%.У1 Bl / lb 


- м 
ò 


= = У 
states: ре ZIREK , sot.lg. 7? Ws > 69.14 Bhallb , Ws 2 0.01014 Cc /lb 
Stoke ©: le” 4g оо Ibe line hy he* vc (8,- PVN, Bis 
„= 69.14 SE + (0. oi] SP («goo ~1) (144) we | SE | 700804 (uu = 84.08 р 


Next, dete PALA C Lhe Clow rake of Va е working Fiacie . 
W wet = Wy = We > a lhe) + (ly ku) -(ho-ks)] 








1000 [35/53 | Baw 
— W nok m" (100 Mw) — — 
(Whe) tilhs — — oo 


= iol or lb /% 
(a) The rake of heak Leansler be e working {л in We Seta v. q en e raber is 
Qin = (Win hy + hyo he) = (ot оту (1317.4 - 84.08 e (sia -118 46) Ve 


Qi 
> ا2‎ S Giujrosspky] tM 1. e in 
S14 t0 © | ( 8*4 (000 kJ (S esc es Mw 
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PROBLEM &.32 (cont'd) 
(Ьу The rate of ucoktranster row We working Cluxd in me c? 


СРТ = vr (hy-hs) = (lt. 02) (1042.29 - G4. 74) — 


„делег is 








ouf 





0 Q,,, 7 105.23 MW 
(cy The cyele thermal eci 2 лоч is 

Wa еж (oo MW o 1 
=- Мемет _ ہے = سے‎ 

Y) à з о t9 (37.1%) 

1. The overall enemy balance Wolds for the cycle: 

Qin = W wet t Q out | 
24%5.®Ъ MW = loo MW + 105,25 MW 
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PROBLEM 8.33 | 


KNOWN: Ам ideal reket cycle operates with steam «s the working fluid. 
Operating Pressures aud temperatures ave Five - 


EIND: Plot thermal есем) Versus reheat pressure for pressurs 
Vang tug from AO bars to 120 bars. | 


SCUEMAMIC d Given DATAS . 


P sd 


TOC „а ү 





А liquid 

ASSUMPTIONS: See Example 8.3 
ANAUNSIS: Fist, fix each of the p Y ^ta. states. 

Sede V: 9 2140 bar, T= 6009€. > М, 5; 

Sale 2: Fora gwen p, ond with s =S, , we Сам get hg- 
stake 3: p,*p, ر‎ T, 200°C => 13,5; 

Stode 4: 9470.06 bur amd with 94255 we can gek X4 aud ha: 
Stake 5: p.20.06 bar, sat: lig, => hs ر‎ Us 

State е: h,= bs + VS Cp op.) 


m: B= 2 MPa = 20 bar. Usira dala trom He Beau dables, — 
И, 35411 kT leq , 5, 2 61012. ex (ee K, Now, with p, = 20 bar, 5,25, h 2446.1 lh. 
Me state 3, hg * 3690.1 kk, S, = 7.7024 leT lea -K. Thus, $42 0.06 bar, Sq 35a Gwe 
34-55 — 13024 - 0.5210 
Ig CCE DSN © D4 «е. ; 4)2 2373.2 kTlka. 
Pae * Bazod- 0.5210 09190 > ka= 15.534 С.919\(24154)= 2 ka 
Now, 2 =0 0b bar, eat. lig: > h,= 151.53 Ey ka, Us = 1,0064 х m? ka. Finally, 


3 17У 
I> het Veg Ре V3 151.5 3+ (o 064 ri?) Ê (140-0,06 ou, Ie? nel OE 
2165.6) kT {lea 
Cycle Cal cu Aedes 
The work per umk Mass o€ deam Cow is obbatued GZ Се ow s ‚ 
Мы, * С-и) «Cu va) (\) 


Wel = We-hs (2) 


ой W седа / v = Wel va ш Wels (3) 
bor the | heat (рой uA Hye sham 9 eurak anel heat processes 
Qi l va = (А-и) + sls) (4) 
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PROBLEM 8.33 ( Cont'd. ) 
The колем елеси \$ 


v 
^ 


Naple 
a Qin 
Puserh А data from Ha Sample calla. inte 


(5) 
s. (\\- 6) gwes, fov p= 20 baw 


We Mn = 40:4. kkg | Wo/m = 14.08 кт > ۸ اع‎ yn = 1897.8 lalis 
Qai, = 414.5 kT ky D Y= 0,4607 (46.07 Yo) 


To obtain data tor Ye required plot, we use IT as follows 


IT Code 


p1= 140 // bar 
Т1 = 600 //°C 
р2 = 20 // bar 
p3 = p2 

T3 =600 //°C 
p4 = 0.06 // bar 
pS = p4 

p6 = p1 


h1 = h_PT(Water/Steam", p1, Т1) 
51 = s_PT("Water/Steam", p1, T1) 
h2s = h_Ps("Water/Steam", p2, 525) 
525 = 51 

h3 = h_PT("Water/Steam", p3, Т3) 
53 = 5 PT('Water/Steam", рз, T3) 
h4s = h Ps("Water/Steam', p4, 545) 
545 = 53 

h5 = hsat_Px("Water/Steam”", p5, 0) 
v5 = vsat_Px("Water/Steam", p5, 0) 
h6s = h5 + v5 * (рб - p5) * 100 

Wt = (h1 - h2s) + (h3 - h4s) 

Wp = h6s - h5 

Weycle = Wt - Wp 

Qin = (h1 - h6s) + (h3 - h2s) 

eta = Weycle / Qin 


PLOT: 
0.47 


0.465 
0.46 

c 0.455 
0.45 
0.445 


0.44 


[Т Results for p; = 2 MPa (20 bar) 


hy = 3591 kJ/kg 
5 = 6.716 kJ/kg-K 
ha, = 2995 kJ/kg 
пз 3690 kJ/kg 

S3 7.702 kJ/kg-K 
ha, 2373 kJ/kg 
hs = 151 kJ/kg 

hes = 165.1 kJ/kg 


W, /m = 1912 kJ/kg 
gr /m = 14.09 kJ/kg 


W /m = 1898 kJ/kg 
cycle 


а / = 4120 kJ/kg 
п = 0.4608 


20 30 40 50 60 70 80 90 100 110 120 


po (bar) 


We see Jot Ye Mmermod 
emeut pressures Studied. 


«селси exhibits a maximum value tn Ma range of 
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PROBLEM 8.34 


KNOWN: Ам ideal reheat cycle uses steam as fre Working fuid, Operating 
Oressuves And temperatures are given. 


Емо: Plot thermal efficiency versus reheat pressure for pressuves 
ranging from 60 blini — 1200 (Ье [ки 


SCHEMATIC 4 G\VEN DATA : 


T. 
| 
| 
| 
i 
і 
| 
t 
і 
خا‎ 


ы; 
Swe 





ASSUMPTIONS : See Example 8.3 


ANANSIS: First Lix each of the principal се 
State 1: Р, > — Ым T, = 1200°F = И, ) 5 


Stade 2. - т р amd Wich So ско Сала & et ho. 

Sate 3: Р, =P, , Т, =1200°Е و‎ S3 

tote 4: pa = i И ЛЗ aud with 54 26, , ме can get Xa and lg jor hq if superheated, 
State 5: fe! 2.2, Sat. lig. —— 

State b. Мү, = -— Vs СР, - Ps) 


The work реү wit macs of Деда flaws 0 
Wel vin = Ch,- ua) +(h,- ha \ 


(1) 
We [vn = мн 


(2) 
V gte * = Wal ka - We / rin (3) 
The hoot | umá to Aa skam Serer ot мл. velat process is 
Biv). = (h -h J+ Cha-h 2) (4) 
Pinay, Мо MA vod ҢА село tS y= le ge (S) 
5 


Sample _calorketyor, Р, = bo Іри. Using data from the steam lobles, 
h,= 1601.1 6/16, 5 = 1.0684 6/0 R. Now, wilh P= bO lint, 5,25 j hes 


nab 1 elu/ ib. Ad ale $5 М. = 1638,5 BHA/ lb, S432. 0448 6tullb.*e. Тм, 
P47 (ЮУ saeSa, д\уе$ ha = = 1196.3 Brus lb. Nowo, Ps =1 16а sat. lig. => 


es = 09.14 Brust, Va = 0.01614 e lb. Finally | р 
118 Hibe 





h = hg + Y Ср, ру) = 64.14 + (0.01614) £7 (1600 -1) 25 d 
= 74.52 [bt/in2 
Inserting data into Eas. (1)- (5) gives, fov Pa = bO Ib£l iu^ 





T 
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PROBLEM 8.34 (Cont'd. ) 


PLOT: 


We | a = 902.6 bhullb, Wpl = Ал8 uy ele / ^ = 877.8 Blu/lb 
Qu/m = 1474.4 bulb 27 20.4541 (45.41%) 


To oblaw data for the (equ wed plots, we use (T, as follows: 


IT Code 


p1 = 1600 // Ibf/in.? 
T1 = 1200 // °F 

p2 = 60 // Ibf/in.? 
p3 = p2 

ТЗ = 1200 // °F 

p4 = 1 //Ibf/in.? 

p5 = p4 

p6 = p1 


h1 = h_PT("Water/Steam", p1, Т1) 
51 = $ PT("Water/Steam", p1, T1) 
h2s = һ Ps("Water/Steam", p2, 525) 
525 = S1 

h3 = h_PT(‘Water/Steam", рз, T3) 
53 = $ PT("Water/Steam", p3, T3) 
h4s = h_Ps("Water/Steam", p4, 545) 
545 = 53 

h5 = hsat. Px("Water/Steam", p5, 0) 
v5 = vsat_Px("Water/Steam", p5, 0) 
h6s = h5 + v5 * (рб - p5) * (144 / 778) 


Wt = (h1 - h2s) + (h3 - h4s) 
Wp = h6s - h5 

Woycle = Wt - Wp 

Qin = (h1 - h6s) + (h3 - h2s) 
eta = Woycle / Qin 


0.47 


0.46 


0.45 


0.44 


0 200 400 600 800 


рә (Ibf/in.2) 


IT Results for p2 = 60 Ibf/in.* 


h, = 1607 Btu/lb 

s, = 1.668 Btu/Ib-°R 
ho, = 1196 Btu/lb 
һ = 1638 Btu/lb 


$57 2.045 Btu/Ib-^R 


h4s = 1146 Btu/Ib 
hs = 69.58 Btu/ib 
hes = 74.36 Btu/lb 


W, /rh = 902.8 Btu/lb 
МА /m = 4.776 Btu/lb 


W / = 898.1 Btu/lb 
cycle 


а /m = 1975 Btu/lb 
п = 0.4548 


1200 


We see thot the thermal eficiency exhibits a maximum in We vance of veheot 
pressures лда d. 3 mE S? 
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PROBLEM 835 


KNOWN: The ideal Rankine олсе of Problem 8.2 is modified to include 
one open teed water heater operating at Tow. 


FIND: Answer the Same Questions about the modifted cycle as In 
Problem 8.2, and discuss the results. 


(1 = у) 
Sc Tic GI РАТАТ — SS Р 


f 1 о> 0, 

> س سے‎ 
| Pest f, = 80 bew. = | | 
Л d әң 
| 
iQ 
| 





Go“ @ 






3 
= PCS ^ Fena * o8 lw 
> ЗЕ 5%. 
1 
IQ -y | jg - » 
(0) — \ IV e 15°С 
\ 
| 7 8 
| f5 ` 4 sat. Lig. 
: 2 EN 1 at OB bar 
Pump 2 Pump 1 


ASSUMPTIONS: Same as Example 8.5 , except that the turbine stages operate 
in an internally reversible manner. 


ANALNSIS: First, fix each of the principa | stutes. From the solution to 


froblem 8.2 $ h 233484 LO S, 26.6586. h, = 20824 ЗЇ Б aud 
hy 2173.88 kTlka. “а ر ,در‎ 3 ka , 


Slate 2: P22 thar , 5, = 5, => х, = 7895 ر‎ h, = 2741. 8 kT/ky 
She 5: he = hyr Uy CPs -P,) 


113.898 + (1.0084 мо?) (1-08) baws ai 
= 13.99 4.698 = 174.58 k3/ ka 
Ste 6: Р, = Thar Sat. liquid = hy = 697.22 kT/kg ,u, = 1108 хб? mes 
Ste T: has hpt ULCP4,-F,) 


= 601,22. +(.10 8x0) 80-1 |15 | = 697.22 + 8.04 = 705.31 ki/kg 


A pplythg mass aud energy rate balances to the control! volume enclosing the 
open heater, the fraction y of How extracted at location 2 is | 


= he- hs _ 641.21. - (14.58 


= — — — X о. 
ha-hs 27*41.8- (14.58 Rone 


(a) To find the heat Nauster vake Qin, itis fist wecessavy to determine 
e mass flow vate w,. То do SO, begin оз СМА, 


SE (h-u) + (EY) Chaha) 
= (3348.4 - 2741.8) + (1-.20 56) (14.8 - 2082.1] $s = 1121.5 19/05 


(1-4) (he-hy) + (W4- v.) 
((-.2036)(.648) + (8.04) = 8.65 ЫГЫ - 


tly 
103 №. Y. 











Oud 


We 
VM 


\ 
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PROBLEM 3.35 CCont'd) 


Now, with | 
Моде * s мых, - Welk, | | 
The mass flow rate ewtering the first fuvbiiie stage ts 
— (ı6o xo? kW) NS 
| (изэ - 8.65) к/а 11м 
Finally ‚ the heat transfer vate Gi, is 
). 2 W = d kT [ikw 
Ga мА, Ch,- ha) e (62.07 Аз )( 3348.4 - 705.37) 13 E | 
= 235 ҳо? kW Qin 
(b) The thermal eGhiciency ts 
Ү\ = looxco? lic VJ 


| 235 хо? kw | 


(c) The fraction of the سما‎ m, that passes Mrrougkh the condenser 
iS l-4 = 0.146. Thus, the mass Hews vate of coolivg water Con 
be detevmined from 


О = (i-g) m Cha-hy) + May Chew, ia V cun ous ) 


or . ey) miCh,- Мч) 
i ES 


= 84.07 ksls 








= 06.425 (42.5 4) n 





ew ,out ^ hew, U^ 
wı hew * hs Ст) from Table A-2 
(0.14 94) (84.071 <3) (2082.9 - (13.88) 52 | 3600 5 | 


(146.68 - 62.43 ) kT / ka n 


~ 
- 


Cw) 





= 5.825 x10" kg/h мло 


Discussion. (1) The net work uwt mass entering the fivst Jurbine ts 
less for tus meditied «cle. їкам. for the ideal cycle. Thus, for He same 
net pa output more mass must flow rough He steam generator. 
(2) The vate ot Wat input to ha working Haid pesing Trough He — 
steam QU taber us less for ha modified оба because of reqenercturn 
lute “open feeder hala. As a result” the Harwal efficiency LS 
Fils yet The rate ef heat rejection to tho cools wite is less for 
the миле ед cycle, leading To o. smaller cooling water Fow rate. 
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PROBLEM а. 36 


KNOWN: The modified cycle of Problem 6.35 is reconsidered. 


EIND.. 


Investig ate the effects on cycle performance es He feedwater 
heater pressuve takes on ue values. Construct suitable 9 raphs 
aud discuss. Consider the ideal cycle as well as a cycle for 
which the turbine stages and (wp s each have iseutropic 
efficiencies less than unity. 


SCHEMATIC Я GIVEN DATA: See solukon {о Problem 8.25, 


A = и See Example 8.5, and V, zhe, = Np, = Ир, = 80% for the second 
part. 
ANALYSIS: The performance of the is vestigated by delerm ining the 


effects on therma| efficiency ef varying the feedwater heater Pressure, 





0.5 


0.4 


0.3 l 
Thea = Тә = Д = Np2 = 100% 


hea = Tha = Mp1 = 1152 = 80% 





О 10 20 30 40 50 


Feedwater heater pressure - bar 


Note that the thermal efficiency does not vary greatly with feedwater 


heater pressure, but the curves do exhibit a 


maximum indicatwe of 


an optimum feedwater heater pressure. 
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PROBLEM 8.37 


RENOWN! Water is the working Fluid in a regenerah ve Power cycle 
with ona open feedwater heater. Data at Varroua loca hama are kuown 
and {ha net Power output ù ven. 


FIND: Determine the themat efficiency and tha mass How rate nto the 
first Һоме stage. 


CUE GIVEN А ` G - y) , 
hij- em > Р, Weyele > 330M uJ 





$ e S: Same as Example 65 у except that the turbine. 
Stages operate in an internally revevsible manner. 


ANALYSIS: First, fix each principal siete. 
State !: P2120 bar, T= 520°C => h,= 3401.8 kT/leg ‚5, 36.5555 ler/ka-k 
State 2: р, slo bw , $228, Ф х, = 0.4431, ha = 2764.2 kT/ley 
State з: p,=0.06 bar 5325, Ф X3 = 0.1121, hs = 2018.3 kT [leg 
State 4: Py20.06 br , sat. liquid => hy = 151.53 kTlks 
State 5: he = hy + Vy 6 Py-Py) 


" kI ;3 m? (1o. | 105 Nim ||] 7ا‎ 
151.53 $5 + [1.0064 хб =r )(10-.06) See. | Ii No 








2151.53 + 1.00 = 152.53 kT /kg 
State: Р, =10 bae , sat. liguid => h, «162.81 kT [ka 
Siete: р =120 bw , h. he * V4 (р-р, ) 
= 162.81 +(1.1273 xc (26-19) [105 | = 775,21 kJ/kg 
са) Applying enevgy aud mass balauces to the contre! volume enclos: 





ng the opin 
heater, the fraction ot flowy extracted at location 2 is 
. he-hs _ 162.8) - 152.53 — С) 
9 ha-hs 2764.2 - 152.53 ^ e 


For the contro! volume Su. vou valli ug tha turbine stages 
Mt = (n-he) + 1-м уск - he) 


\ (2.) 
= (846018 - 2764.2 + (1.23377 (2164.2 - 2018.3) = 1204.2 kTlka 
And , for the pumps 
Wel va, =(hy-he ) + (1-4) Chg hy) (>) 


= (115.21 - 162.81) +(.1b63)(152.53 - 151.53) 
713.11 kT/kg 
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PROBLEM 8.37 (Contd.) 


For the working fluid Passing through Aka steam genevator 
Qu, = h-hh = 3401.8 - 775.21 = 2626.6 kT/ky 
Thus, the thevmal efficiency ts 


We УИ" W : 
ae = бмин. = 0.455 (45.5 ) Yu 


(b) The net power developed 1s 
Маде = WA, (Welw, = We/m, ] 


W eyel- 


=== ص = و 
(Welw, - We/m, |‏ 








( 330 x (o? к. J/s У — 
(1209.2 - 13.1%) leg | | 
= 4.43 x? KS Î А ——— ا‎ 


92. 


(2 


(b) 


(л) 


PROBLEM 8.38 


XD : Steady - ste o perat n; data ате provided for Ha regtevevahvye utle of 
Prodem 8.37, 


EIND: Plot the +hevmal efficiency of He yele oud the vale of exergy дески онол 

within the feedwater heater versus feedwater heater pressure vousing from 
(D 05 о 10 MPa (5 4o loo bar). 

SCHEMATIC $ GIVEN DATA: See Problem 8.37 

ASSUMPTIONS: See soluti {о Problem 8.37. 4150, let Т = 293k. 

ANALYSIS: The states ave fixed as пл ha solution to Problem 8.32. Furku, 

#45. С\)- (л) from the soldi to Problem 8.37 are used. 

The rote of exergy Aestruchon in Pre feedwater heater cam he obtained 
Hom Ea To у) Where Tey 15 tha vate of PM. productus, in Ma cowtreh 
V Sue vu KG Mo feedwater heater. That is 

А о > - 


ak 
E = Tom, [5 = Ч 5, - (1-у\5, ] (а) 


Sample calculaton: For р, = 1.0 MPa =10 bar lul 
"хеч destruch КЕ" ° * , See He 30 tim to Problem 8,37. Fev^ Д.а 


on Sk led 
E, (24 3 K) (1.320 KS | [2.15 87 (0.2337) 6, 5555) -CT6e 3.529) 15, 


Ov 


= 6.0354xK0  k3/l 1 ^ lkw] 4 
knew 3| | ОГ 1.677 хо" kW 


To oba Vie dota requured fov We plots , we une tT as Соо: 


54 = ssat Px("Water/Steam", p4, 0) 





IT Code h5s = h4 + v4 * (p5 - p4) * (100) 
= S5S = 54 

id = А е ou V6 = vsat_Px("Water", рб, 0) 

2=10 УВА h6 = hsat_Px("Water", рб, 0) 
ja = 0.06 //bar 56 = ssat_Px("Water/Steam", рб, 0) 
dpi h7s = h6 + v6 * (p7 - p6) * (100) 
— 0 = y * h2s + (1 - y) * h5s - h6 
D7 - 7 Wdott1 = mdot1 * (h1 - h2s) 


Wdotcycle = 330 // MW 


hi = h_PT("Steam", p1, Т1) 
51 = 5 PT('Steam", p1, T1) 
525 = 51 

h2s = h_Ps("Water", p2, 525) 
S3s = S2S 

h3s= h. Ps("Water', p3, 535) 
h4 = hsat_Px("Water", p4, 0) 
v4 = vsat_Px("Water", p4, 0) 


Wdott2 = mdot1 * (1 - y) * (h2s - h3s) 

Wdotp1 = mdot1 * (1 - y) * (h5s - h4) 

Wdotp2 = mdot1 * (h7s - h6) 

Wdotcycle * 10^3 = Wdott1 + Wdott2 - Wdotp1 - Wdotp2 
mdot 2 mdot1 *3600 // kg/h 

Qdotin = mdot1 * (h1 - h7s) 

Qdotout = mdot1 * (1 - y) * (h3s - h4) 

eta = Wdotcycle * 10^3 / Qdotin 

Edotd = To * mdot1 * (s6 - y * 525 - (1 - y) * 555) 

To = 293 //K 
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PROBLEM 8.38 (Cont'd. ) 


IT Results for p; = 1 MPa (10 bar) W 221.76 x AO kW 
t1 
hı = 3401 kJ/kg — 
ha, = 2764 kJ/kg №, = 1.577 x 10 ° kW 
has = 2018 kJ/kg W =2116KW 
h4 = 151 kJ/kg р1 
hss = 152 kJ/kg W_ = 3422 KW 
he = 762.5 kJ/kg {2 
hz, = 774.9 kJ/kg а = 7.247х 10° KW 
S4 = 6.555 kJ/kg-K іп 
S4 = 0.519 kJ/kg-K n = 0.4553 
Se = 2.138 kJ/kg-K m, = 9.934 x 10° kg/h 
y = 0.2338 E, = 1.681 x 10^ kW 
PLOTS ` 

0.46 

0.45 
c 0.44 

0.43 

— 


0 10 20 30 40 50 60 70 80 90 100 


po (bar) 
50000 
40000 
= 30000 

= 
Ш 20000 
10000 
0 
0 10 20 30 40 50 60 70 80 90 100 
p2 (bar) 


From the plok, we see that the thermal efliciency exhibits a mayıimum in 
the томда of feedwater Neotevs studied. In addition, the exergy leshuchon 
rate increases with increasing P, as the temperature Atherence between 
+e extracted steam amd steam generator feedwater iwcreases. 
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PROBLEM 8.39 


KNOWN: An ideal Rankine uycle having the sawe turbine ilet condihous 
ond condeuser pressure , but no vegenerator, as the cycle of 
Problem 8.27 ic considered. 


E! P: Answer the same questions about +e £w«ple uycle GS Hose in 
Problem ‘¥5.37. | 


CHE т\с, GAVEN DATA: 





ASSUMPTIONS : See Example 8.1 , aSSumptions |-4+ 
ANALYSIS: Using appropriate data. from the solution fo Problem 3.37 


h,= 3401.8 kTlkg, s, = 6.5555 1. К 
h, = 2018.3 ЗЇ Мут 151.53 ЕТ! 


State 4: hy ~ hg + v3 CPy-Ps Y 








= 151.53 d + (1.0064 хо? E uzo -. 06) ied — 
= [51.53 + 12.07 = 163.6 kT/kg 
(a) For the Hurbike 
We / v, = h,-hz = 3401.8 - 2018.3 = 1383,5 k3lks 
And, for the Quup 
Welw = ha-hg = 12.01 КІ 
For Ha working fluid pussing through tha shes generator 
Gy = h-hu = 3401.8 - 163.6 = 3238.2. kTlkg 
Thus, He thermal efficiency is 
Y= le elm = 0.424 (42.4 °/) М. 


(b) the net power developed is 
Weyele = Mm [Welw 5i Wel, | 


= пое ky Yih _ сз | iMw_ |. Wele 
(lo a hes (1383.5 - 12.07] ae tw ELI MWg Моем 








The introdocton of the open feedwater heater into + cycle of 
Problem 0.37 results мА an increase ہا‎ rav t 2h fr еи ч aud 
a decr easg ve cro KHOA power de Veloned. 
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PROBLEM 8.40 


KNOWN: The regeneratwe vapor power cycle of Problem 8.37 is reconsidered. 


FIND: Investigate the effects on eycle performance as the feedwater heater 
pressure takes on other values.’ Construct suitable plots and discuss, 
Consider tke eycle for Which each of the turbine Stages ond The 
pump have isentropic efficiencies [ess than unity. 


SCHEMATIC Ф GWEN DATA: See solution to Froblem 8.3%. 
ASSUMPTIONS: See Exanple 8.5, and Vu, Ng? Np, E Во. 


<, The performance of the сри LS investigated by determining 


ANALY 5(5: 
the effects on thermal efficiency of V. 





IT Code 


p1 = 120 // bar 

Т1 = 520 //*C 

р2= 10 //bar 

p3 = 0.06 // bar 

p4 = p3 

p5 = p2 

p6 = p2 

p7 = p1 

Wdotcycle = 330 // MW 
etat1 = .8 


etat2 = .8 
etap1 = .8 
etap2 = .8 


h1 = h_PT("Steam", p1, T1) 
51 = $ PT('Steam", p1, T1) 
525 = 51 

h2s = h Ps("Water', p2, 
525) 

h2 = h1 - etat1 * (h1 - h2s) 
52 = 5 Ph('Water/Steam", 
p2, h2) 

535 = $2 

h3s= h_Ps("Water", p3, 535) 
h3 = h2 - etat2 * (h2 - h3s) 


4 C saturation 


Ing the feedwater heater pressure . 





T 





To obtain fre data rv the vequved plots, we use IT, as follows 


h4 = hsat_Px( Water", p4, 0) 

v4 = vsat Px('Water', p4, 0) 

s4 = ssat_Px("Water/Steam", p4, 0) 
h5s = h4 + v4 * (p5 - p4) * (100) 

h5 = h4 + (h5s - h4) / etap1 

555 = 54 

55 = $ Ph("Water/Steam", p5, h5) 
v6 = vsat. Рх("Маѓег", рб, 0) 

h6 = hsat_Px( Water", рб, 0) 

56 = ssat_Px("Water/Steam", рб, 0) 
h7s = h6 + v6 * (p7 - p6) * (100) 

h7 = h6 + (h7s - h6) / etap2 


O=y*h2+(1-y)*h5-h6 


Wdott1 = mdot1 * (h1 - h2) 

Wdott2 = mdot1 * (1 - y) * (h2 - h3) 

Wdotp1 = mdot1 * (1 - y) * (h5 - h4) 

Wdotp2 = mdot1 * (h7 - h6) 

Wdotcycle * 1043 = Wdott1 + Wdott2 - Wdotp1 - Wdotp2 
Qdotin = mdot1 * (h1 - h7) 

Qdotout = mdot1 * (1 - y) * (h3 - h4) 

eta = Wdotcycle * 10^3 / Qdotin 

mdot = mdot1 *3600 

Edotd = To * mdot1 * (56 - у * 52 - (1 - у) * 55) 
То = 293 
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PROBLEM 8.40 (Cont d.) 


IT Results for p, = 1.0 MPa (10 bar) 
hı = 3401 kJ/kg 








h2 = 2891 kJ/kg у= 0.2228 
ha, = 2764 kJ/kg E, = 2.07 x 10^ kW 
h3 = 2259 kJ/kg | 
Nas = 2101 kJ/kg iT = 325.7 kW 
h4 = 151 kJ/kg 
hs = 152.3 kJ/kg 2 = 5194 kW 
hss = 152 kJ/kg | : 
hs = 762.5 kJ/kg W = 1.71 x 10" kW 
h7 = 778 kJ/kg TEN : 
hz, = 774.9 kJ/kg Wo = 1.646 x 10° kW 
S; = 6.555 kJ/kg-K р 6 
S2 = 6.824 kJ/kg:K mE 1.206 x 10" kg/h 
S4 = 0.519 kJ/kg:K û =8.791x 10° kW 
S5 = 0.5231 kJ/kg-K in 
Sg = 2.138 kJ/kg-K n = 0.375 
0.38 70000 
0.37 60000 
0.36 _ 50000 
40000 
= 035 = 
iu 30000 
0.34 
20000 
— 10000 
0.32 0 
о 10 20 30 40 50 60 70 80 90 100 0 10 20 30 40 50 60 70 80 90 100 
p2 (bar) | рә (bar) 
1000 
= 800 
M 
= 600 
E —*-— net power (MW) 
Е 400 —— heatin ( 
E —e— heat rejected (WM) 
© MC NEC CE M EL IMG MENTEM зн Ка —&- First stage turbine power (MW) 
Ф —8— Second stage turbine power (MW) 
ш 200 
0 


0 10 20 30 40 50 60 70 80 90 100 
p2 (bar) 


Even though twrbiue and puwp entropic eftinences ave less than unity , Hue frends 
for И amd Ey one similar to Yose iu Problem 0,88. Mso, noke that the power output 
ot He rst tuwbive Sage decreases 05 p, — P, , amd tha output of stage two 
Moreases Gorda] 4. 


5-67 


PROBLEM 8.41% 


KNOWN: The id eq | Раиси е cycle of Problem 8.9 tS modifiect to include 
оме орем feedwater heater operating at 100 lof line 


FIND: Answer the same questions about the modified cycle as in 
Problem 8.9 and ‘disusss the results. 


CHEM У Yn,* 1.4 xto? tb/h ü -y 


= )1 حح 
е || Steam lp: | 06 тиса 1;‏ 100 
i| generator 1f 200097. F ;‏ 
bo _ | @ ~ Lg "аа МУ‏ 
| ^\ 
T ve QA | 9 =‏ 
Ө‏ | 
| / 
+[ 






p uM CLE Condenser ⸗ Ц — lor de 
4 e, 
/ \ ёо 
T lazy { Ope 
^ ЕС \ ا‎ 
Ф 
\ / Go^F 
5 M 
TM 4 bal 
qi sat. lq. 
S E S e 27 
Wea Pump 2 We) Pump 1 


ASSUMPTIONS: Same as Rample 8.5 except thet the. turbine Stages 
operate in au internally reversible mauner. 


ANALYSIS: First, fix each ef the principal states. From the solution. to 
Peoblem 8.45 h,= 1547.7 вкл, 5, = оу Bi / ib ·. , ha а (L0 8/lb , and 
hy * балч Bh/lb, | 
State 2: р 2100 lbHiu* 5, =5, > h, = |21010 Bhu/lb (Table A- 4€) 
State 5: he а hy + Uy CPs -P4) 
= fud in|] 1894« c IL € 
69.14 Gis T (.00b19 ££ m ls zl - 1) da 
= 64.14 + .24 = 70.04 Qiu/lb 
State 6: р, = 100 Ibfiin® , Sat. иса => h, = 248.6 Bk/lb 





Staten: hx ho tU Cp - P, ) = 218.6 + Corre) |.| (G00 -10e) = 303.5 Bi«/U 


Applying energy and mass rate balauces to the control volume enclosing He 
open heater, the fraction q of flow extracted at location 2 is 
_ We-Ws _ 248,6-лооч _ Good" 
4 №. - s 1204.2. – 10.09 С 7 
(A) Te determine He net Power” developed by He cycle ر‎ begin wit е. 
Cowkvol volume around tha due 
E Ch, - 8.) + (i-4 УС h.~h3) 


= ((541.1- (20,1) (| -0,2004) (1210.7 QU.) = S16. 48 Rtu / Ib 
For the pumps 
oe = (h.,- Wc ) + (i4) Ch s-k) 


' 2(303.5 - 248.6 ) +(1-0.2004 (70-04 - 69.74) = SAY Btu/h S 
: cycle 
thus, with mM, = 1.4 кое lbs (Problem 8.9) 


We cle = м. | Wel, = vef a, |= (ı.4 ¥10 ع‎ ) (570,49 -S44 jeu = B00 x10 oe 
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PRoBLEM 8.41 (Cont'd) 


(b) The thermal efficirenw is 


М = W cycle " W wele 
Qiu 


m Ch,- b 4) 
_  (8,00x1 of) _ С 
(їч ¥10%) (1547,1 —303,5) “очса (46,4 A — A 


(с) The fraction of the flow wi, Илох passes through the condenser 15 


(1-91 = 0.1996, Thus, the mass flow vate ef cooling Water cau be 
determined from 


О = (1-9) m, Ch,- 4) t M са, Checa 
Me, = (1-4) m,Chs-hy) 

СР P hewu) 
With hew» hg CTY from Table A-2& 


á hew out ) 


van. = LINEN 1.4 x(o 9 Ibju)cAU T -64.74) Bias tb 
и (48.09 - 28,08 ) 69/16 
Q1 xo? Ib/h 


n 


Mew 
Piseossics + U) Sthee Some mass is extracted from He dubie, Но power 
developed ул te modified cycle is fess than for the cycle of Problem 8,4, 
(2) The rate of heat transfer to На. working fluid pass ги9 through Ha 
Steam generator is less for He modified cycle due to regeneration in the 
орел feedwater heater. Tu tis case, Ther ma] efficiency ts 
increased due do reqemermtin. (3) Tn the modified cycle , less mass 
of working fluid passes Hough the condenser, leading vo a reduced 
need for” cooling Water. 
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PROBLEM 6.42% 


KNOUJN : 


The reaenevetwe power олсе of Problem 8.4 15 modified to include 
that each turbine stage has au efficiency of 88o aud each pump has 
an efficiency of 80%. 
FIND: Answer the same questions for the modified cycle as in Problem &.4 
| . b 
SCHEMATIC ¢ GEN. DATA: m, = 1.4 ys hed huge d» 
I4211009€ 






= 
zum — 
ہے‎ nh 


l 

HZ m> W, 

Nt, = Nta 8‏ ال 
* 


80°F 


if \ 

jua - 
\ ie 
\ d 


o 





YZ eas. | i 
Г шм 
Pa — | Ритр 1 
ASSUMPTIONS! Same as Problem 8.4] , except Ny, * ,,7. 98 aud Ир, КЬ, з 0.80. 
ANALYSIS From Problem 8.41, Й, = 1591.7 Bha/lb ‚5, = ( LIIS Sw, әр, hy = 61.14 Bhd lb, 
State 2: Use the turbine stage efti ciena. Fwst , Pa = 100 bfln aud Sas *S, 5 
ha, = 12.10.7] Ib (Problem 641) Thus 
-um Ма x ү „ү _ WC hes) = (251, | Bite 
Vau STR Th,-Was M м 4 4) 2 
From Table A-4E , sa = [167% 4 Bw lb. 
Stee 3: Similarly у Ps=1 ғ ‚3з 2 S, => X5, = 0.510 , 83, = 437.52 6b. 
Thus h,= ha- Меси - изз) = 015,15 Btik 
State 5: Siete 5 is determined using Ta pump er ciency, From Pro bleu 8.4-1 
hss = 10.04 Ф. е : „ 
_ Werim )s 58 - h h 
2 و کے لے‎ = hyt Chs,-h = 76.45 вім. /(| 
e ÚN p, Iv \ hs -hy => 5 ч $$ qy) Me, / 
State t: Similarly, hy, = 303,5. Bh/lb aud hy = het (Dos; по) 
= 304,7 Blas lb 


_ he-\s 
Ч = 


The fraction y of the turbine Clow extracted at location 2 is 
_ 248.6 – 10.5 
ho-ks _ 


= 0,1! 
{151,1 ~ TOUS 0.1935 
(a) For +the turbines 


WEN, > Ch, - hz) + Ci-y) Che-hs) 


= (1591,7-12.51.1у+ (OWS) (12S. 1-AIS. IS) = 59.15 BH Ib 
aud tHe pumps 


Welw, = (h,- he) +(1-y)Cla-hy) 


= (304.1 -248.0) + (1 ~ 1935) (70.15 - 64.19) = UOT Btu (bb 
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PROBLEM 8.42 (Contd) 


Thus . ' : ; 
W wele = ка (мым, -~Welva, | 


(1.4 xo E 1[ 519,05 -6402) Bhs = 7,18 xeo? Blush, Weyele 


(b) The thermal efficiency г< 


И = Weycle 2 1, Ig. x08 Blush 
w Chha)  Cc4xio* 10И) 1547.9 — 3041 Job 


ози 
€) The mass flow rate of cooling water passing through the condenser is 
— Ci-g) và, Cha- hy) А (1-. A35) чмо) 97515 - 69.74) 
ТЕР 7^ Acw, i ( 48.0% - 28.08) 


S,ll xo? ЫА Мер 


3 
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PROBLEM 8.43 


KNOWN: The ideal Rankine cycle of Problem 8.6 15 modctied Jo include Syper- 
heated vapor enteving the First turbine stage and one open feedwater 


heater. Saturated | iquia exits the feedwater heater and other data. 
are known. 


Fup: Determine for the modct ied cycle (a) the net worl. per kg of Steam 
flow entering the first turbine stage Kb) the thermal efficiency, and 
| the h transfer +o cooling water in he condenser per Ёд of 
steam flow entering the firct turbine stage. 


SCHEMATIC Ê GIVEN DATA: 





19 MPa *190 bar 
S60 °С 1-5 
0)—41» 








3 А 
Q out 


Condenser E 
la-» | үз» 
— \ / 

SY 2 

ax +4 Sat. lig. 
e NY oka 
Р, pump 1 
ASSUMPTIONS: Same as Example 8.5 , except the turbine stoges operate in an 
internally reversible manner. 


ANAWSIS: First, fix each of the principal states. 


State 1: р =18MPa = 180 bar., Т,=560°с = l2 3444.4 kills , s, 26.4392 kT lle K 
State 2: p,- 1 Mfa =10bay ,s, 25, > X= 0.967 ر‎ h, = 2711.6 KT lla 





ме 
g” Pump 2 


State 3: р, = kPa = 0.oobar, s285, => Xg= 0.1578, h, =1982.3 klk, 


State 4: р, = 0.06 bur, sat. lig uid => hy = 151.53 Ета , U} z1.006qxi0^ | 
States: hs < hq + Uq CPs -Py) 
| | 


2 151.53 t (l. OO6Y Kio” ы) (10 - 0.06) bar | іо міз 
5151.55+1.00 = 152.53 ЕТЕДА 

Stute: р. = lo bars , sat. liquid => hg = 762.8[ llla , v, = [12730 — m?l ks 

Slafe1: Р, >Р, = 180 bar 


Ил” ha + W, CP, Pe) = (162-91) +(1.1213x5%((90-lo) | 100] = 78/47 ЫЛ 


(a) First, apply ing mass and energy rate balances to the control volume enclosiig 
the open heater, the fraction y ef flow extracted at 2. is 


he- hs _ 162.81 -152.53 


= وس‎ —— =: 0.2 38S 
U^ M he arles ^9 


The. total work developed by the turbine, per unit mass flow entering 
the first turbine stuge is 
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PRogieEM 8.43 CContd) 


We /m, = Chy- ha) + (1-4) Ch,-ha) 
= (39ЧҶ.Ч- 2711.6) + (0.1015) (271 ¬ 1982.3) 
= 1268,2. kS [les 
Similarly, for the purps 
Ма, = (1-$)(^5-Иу) + СА - he) 
= (0.1015)(152.53-151.5%) +(78/97 - 162.81) 


219.92 ley [ ea 
Thus, the net work ic 


Weyele = We SP = 1268.3 kT/ kg Weycle /m , 
УУУ | Mi wi, 

cb) Fer the working fluid passing through the Steam generator 
Qin . 
pow = h,- h4 = 3444.4-76197 = 2662.4 ЕГЕ 


Thus, the Her mal efficiency is 


Wayele ra 1269.3 
— — _ + 0,47 47.6 Yo n 
n Ось m, 2662.4 ec )4 


(C1 For the working fluid passing through the condenser- 
Gout . (1-y4)( h- hy) 


M, 
CO.7615)(1482,3-151.5 3) 


n 


1394.1 be dee a $$ Qout (rn, 
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PROBLEM . 


KNOWA): The regenera tive Vapor power cycle of Problem 8.43 is modified to 
include that each turbine Stage and pump has an isentropic 
efficiency of 8576. 


EIND; See Solution 1o Problem 8.43. 
SCHEMATIC Ê GIVEN) DATA: 


ASSUMPTIONS: Same as Example 8.5 , €xcegt 
N+, 2 Nez = Vip, = Np. > 0.85. 





ANALYSIS: First, fix each of the principal Sfales.From Problem 8.43, h= 3444.4 kilts, 
5,2 6.4392 kalkg- 6, hy (51.53 kTikg , and he =762.8/ leJlka. 


fate 2: Using the turbine efficiency) ny, = Chy-b2)/Chi-hes). With h 2 211.6 Tl key 
from Problem 8.43 
ha sh. - и h,-h;s) *2821.5 kT/leg 
Juterpolating in Table A-4 , €, 26.6 Bol kill · 
State 3: Similarly ı P, = 0.00 bar, s5 34 =5, => X4,20.7887, hg, = 2057.0 71 
Thus , h, = h,- N4 ,C h- las) = و‎ БЗ. 3s 
State S: Using the pump efficiency , No, =Ch se~hy)/Chs -hy). from Problem 
8.45; hg, 3182.52 17165. Thus | 
Stated: Similarly, with hy, 2784.97 71.4 from Pro Hem 3.43 
hq = h, + (hash Vea = 785.4 kT lka 
(a) Using the modif ted data | 
y = 0.2286 , We Im, = 1124. 2 3165 , Wp /m, = 23.49 ЕТЕ 

















Thus Маде = 1100.7 lez lleg a Wade [wo | 
M | 
(b) Qum, 2654 kilk aud Y 20.414 (41/4 %) w 
© C) Qout/m, = 1559,3 ©! боин, 


I. Comparing these results with those ef Problem 8.43 indicates 
that turbine and pump wreversibi (ities affect the nef work of the "o 
Significantly , thereby Causing о. Significaut drop ти thermal effccie y. 


8-14 


PROBLEM 8.45 


KNown: The ideal Rankine cycle of Problem 8.2 is modified to include one 
closed feed water heater operating atod MR. The condensate from 
the heater is Hopped into the condenser. 

FIND: Answer the same questions about the modified cycle as in 
Problem 8.2, and discuss the results. 


CHE Ic \VEN) DATA: 









Closed . 
feedwater н 
heater 


0.7 MQ’ 





ASSUMPTIONS : (1) Bach componeut is analyzed as a control volume at steady 
state.(2) All processes of tha Working Huid are internally reversible , except 


jor the expansion through the +irottlthg valve (a Yhvoti ling process) and 
in the closed feedwater heater.¢3) The Hwhines , pump, aud e бе heatev 
operate ad abatically C4) Калес and potential energy effects are negligible. 
(5) Condensate exits the closed heater as saturated liquid at tlavs aud the 
Condemser as saturated liquid at 0.08 bays. 
ANALYSIS: First, fix eack of the principal states. From the Solution to 
Problem 8,2 ; h, = 3348.4 2/64 "si een КУГЕ, v.» 230824 ез (ko : 
hq = (13.88 bike wd hg 2186,38 Velle. 
State 2: P= thar , 6,25, => x,2.4815, „= 2741.8 11:4 
State 6: Te = Т. фуро 2 (65°С, P, = Во bar => from Table А-5 
he = 702. kT/kg (double interpolation) 
Siete 1: Р, =7 bar , sat. liquid => hy = 647,22 ЕТ! 
state ©: Throttling process => hg = hs = 697.22 kT [es 
Applying mass and energy rate loalauces to te closed feedwater heater, 
the tractiom ef Flow y extracted at 2 is 
. We-hs _ Т02- 180,949  _ 
j^ hasha 21489-60122 — ERE 
a) To hnd the heat transfer vate Qin itis first necessary to determine 
the mass flow vate m,. То do so, begin wit 


zt = (hha) + (0-чу Caz- sy 


19 


pRoGM 8.45 (Contd. ) 
I м зегі 9 values 


wt = 38.4 - 2141,6) + (1- .25u«)C214.8- 20824) = 1097.9 kT/leg 
\ 
Similarly 


SE = hs -hy = 181-14-173.88 = 8.06 Y/ks 
Now, with 

W eyele zM, | м/м, р/к, | 
the mass How rate m, is 





3 
_ (їбохо® kw ) | 15/5 = 4130 4/5 
` (10914 - 8.04) kJ/kg | kw 


Thus, the heat trausfer rate Qin is 
М.а EN ы = | k 2 kT |1 Ки | 
Gu 3 м, lhi- hy) = б.т ЕЭ ) (3348.4 - 702) = eo 





= 243 xt o? lew Bin 
(b The thevwal efticiency is 
оо Xio kW 
M^ Aus к» ° 0:412 (41.2%) 1 





(с) For Je Condeuser, the mass and energy rate belauces reduce to 
О = т, | 01-ҹи; + y hg- hy J + mew Chenin hewout) 
Solving for He cooling waker Hau rake 
mı LCOr-u) ha +y hg- hy] 
( hew,out 7 Wew,in) 
with Ма МСТ) from Table A-2 


Mow = 


"Wan (140.68 - 62.19) k/ko 


= 6.144 о kg/h Mos 





Dieosgsi on, ^ (1) The net worl per UML Mass entering the fivst kubide is 

less for is modified cucte than for the ideal cycle. Thus, for the Same 
net power output, more mass must flow е Иле. steam generator. 

(2) The rate of heat input do the working fluid gassing through the Steam 
Generator ts less for tre modified слее because of regeneration in the 
closed feedwater heater. Asa result, the thermal efficiency ts increased. 
C$) the vote of heat ejection to cooling water is less for fhe modified 
cycle ; leadins to a smaller cooling water How rote, - 
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PROBLEM &.46 


KNOWN: The regenerative vapor power cycle of Problem 8.45 is reconsidered. 


EIND: Investigate the effects on performance as extraction pressure takes 
on other values. Construct Suitable plots and discuss. Consider 
both reversible and irreversible operation of the turbine stages 


and pump. 
SCHEMATIC Ё GIVEN) DATA. See solution to Problem 8.45. 
ASSUMPTIONS: See solution to Problem 8.45. Also, Vt, =Ne,> n, = 80% for 


fhe second part. 


ANALYSIS: The performance is investigted by determining the effects ov 
thermal efficiency of varying the feedwater heater extraction pressure. 








From the 7-5 diagram , we see that | T 
State @' moves higher as the extraction 

ressure increases. This reduces the heat 
input fo the cycle. However, from (a) we 
see that the fraction y of the total How 
extracted at 2 also increases. This results 
in less mass flow through the second 
turbine Stage ,and hence, less power 
output. The net effect is a significant 
reductuen in thermal efficiency , as 
illustrated in (b). 


Another factor that reduces the power 
output js the irrevers| ble expansion 
arross the valve. This effect also worsens 
at hig her extraction pressure . 


1.00 0.5 


Nu = N2 = Np = 100% 


0.80 0.4 Me = The = = 80% 


0.60 0.3 
n 
Y 0.40 0.2 
0.20 0.1 
0.00 0.0 
0 10 20 30 40 50 60 70 80 0 10 20 30 40 50 60 70 80 
Feedwater heater pressure - bar. Feedwater heater pressure - bar 
C (b) 
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PROBLEM 5.47 


KNOWN: Water is the working fluid м a regenerative vapor power cycle 
wit one closed feedwater heater. Data at various locations 
ave known aud the net power outputis 9iven. 


Cues ели на оу de АА let шс dul (Q^ Tic pes Low cate inte 
{vst turbine stage. кые: бн кєй FO ATE 
t Ё TA ` 


—t25 1%. = 12.0 ber 
| П2520° ==> 
(1) г à 











6 
Tg? 170 
Мем 210 MW 


АЛАЛЛДГ 


Closed | 
feedwater Set $ 


А Т 
heater Uig 7 8 





Sf 
ASSUMPTIONS : (1) Each Component 15 analy zed as a control RT stead 
State (2) AM processes of the working Cluidare internally reversible, 
except for the expansion through the trap (a throttling process) aud in the closed 
feedwater heater.(3) The turbines , pump, ond feedwater heater operate 
adiabetveally (4) Kinetic oud potenhal( energy effects are ne 1g ble. С5) 


Condensate exits the closed heater aud Ha condeuser ag — liquid 
at He respecte pressures. 


ANALNS\S ` Fiest, {4х each of pho principal states. 

State j: gp 2120 bar , Т, = 520% 2> И, = 3401.8 k3/k9 , $,26.8555 kT/kg-K 

State2: р, со bac , 5,28, > Х„= 0.4431, Һ„ = 2764.2 kT/kg 

State 3: p,=O.06bar , 5325, X> хуз 0.7727, h3 = 2018.3 kTlkg 

State 4: P, 30.06 baw j sat. ligu. id = а, = 151.53 kT [leg 

State 5: hg S hy «v4 Cpg -P4) 
а [51.53 T + Coors ® J (120 - 0.06) bar | 
= 151.53 +12.07 = 163.6 k3/ 

State 6. Р, = 120 Ьом , Ty = 110°C => Tnterpolating in Table А-5, h,= 725.86 KI 

State t: Р, = 10 bew , Sat. liquid => h, = 762.81 KT/ kg 

Sfete @ Throttling process => hg =k, = 162.81 kTlkg 


to Nim 
1 bar 


tky 
107 Мум 





(a) Applying mass aud energy vate balauces to the control volume Suyround ~ 
ing Ho closed feedwater heater, the fraction ot Hie flow y extracted ot 


location 2 is _ he- hs _ 125.86 -163.6 | 
d" ha-ha ^ 2164.2- 162.81 ^ 9.2808 


For the control Volume surround ing +h fuwbine. stages 
v = (h-hh) +(1-y) (Wiens) 


$-1V 


PROBLEM 8.47 (Cont'd) 
=(340).8 — 2164.2) + (1 — 2.809) (2164.2 - 2018.3) = 1114.0 КЗ 
And, for the рч) 
WE = he -hy = 162.6 -151.53 = 12.07 kT [le 
For the wovking flurd passing through the steam generator 
Qis -= hy - he = 6401.8 ~ 125.86) = 2675.9 11164 


үл 
Thus, the thermal efficiency is 
ма = Welve, ty. ~ 12.07 
М = NES iis Ане Иа РЕ = REL АА. ta ЫШ. eae = | А VU 
Qua d va. 2675.9 0.434 (43.4%) а 


(b) The mass Flow yate ito the first turbine Fase is found from 
Wale = War (Wel m, = Wp fv) 

















ov a W cycle 
PV (Wal ay р Д 
(320 MW) lo? «7/5 | D6oo s | 
7 [104.0 -12,07] 8/44 гим il ih J 


Q4(xto? ka fb a 
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PROBLEM 8.43 


KNOWN: The regenerative vapor power cycle of Problem &47 is modified to 
include that each bine stage has an efficiency of 82%. 


Answer tha same questions about the modified ey cle OS in 
Problem B.4F, 


SCHEMATIC г GIVEA) DATA: 


ASSUMPTIONS: Same as Problem 8.4% 
except Ni, = Ne, = 0.82. 
ANALYSIS: Fyrom The solution of Problem 8.47 


h,= 3401.8 kTlkg , S, = 6.5555 КҮГЕ. 
hy = 151.53 тїк; 

hs = 163.6 —8 

hy = 125.86 kT 

ha =he = 162.81 kTlkg 


Stake 2: Using the pirbine efficiency , We, = Ch,-ha) "Ch, - as). With 
has 2 2764.2 Ilka CProblem 8.47) 


h.= h,- he, C h,- has) = 2. 8 14. © Tiles 
From Table A-4 , э, = 6.1311 1165 - 
Sjede 3 : Similarly, with Р, = 0.06 bar , 535 =S, => Хз; =.8037 and hss 
33045. 2 kA3lks. Thus 
hg = ha- Neal ha- hss) = 2234.6 91164 
(в) The fraction 0 Flow y iS 
а= теа = 0.2657 
For the turbine stages 
Wily, n.a) + Cl- y)Cha-bg) = 246.0 115 
And, for Жа — 
Welw, = he-~hy = 12.67 kT/leg 
For thea work ing {lud pass ~ rough Ha steam generate r 
Ge, = а-л = 26784 WTlka 
Thus, tha {hev mal efficiency ts 
ч (м — \ 
ye We Lem = 0.368 (36.8%, ) ү. 


—XR ö— — mm 


(p) The mass flow vate into the first turbine ud is 





W cycle я С 320 MW) — [tee 3 _ 
MTU ыкы Ошо. оа јату TAW | = LIT хо beg а 
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PROBLEM 7.49 


KNOWN: The modified regenerative cy cle in Problem 8.45 is reconsidered. The 
condensate is pumped iuto the boiler feedwater line. 


FIND: Answer the same ques eons about the cy de wita thais further 
Modification as in Problem 8.45, Compare the Two condensate options, 
SCHEMATIC £ GIVEN DATA: 








ASSUMPTIONS: (1) Each component ts aualyzed as a control volume af She 
Stafe .(2) АИ processes of He Worle ила Cluxel are in terna lly reversible, exce 


for tne mix ing of streams 5 and б іо form 4. G) Other assumptions a as in 
Problem 8.45. 


ANANS(S.% First, fix each of the principal States. States 1-7 are the same 
as tu Pcoblem 8.45. Summarizing 


h,= 3348.4 |67119 hs = 18144 


м = 2141.8 We = 702. 
h, = 2082.9 h4 = 697.22 
hy = 113.68 


l Т 
105 М-м 


State 5 : Ne x hi. + UV. CPa- p, - " 
21.22 k3 8x03) Ê (80-1)bar. | E 
= (Q1. are хо ) | 1) bar oar 











= 641.22. + 8-09 = 705.31 (k4 
Stated: First, opplywig mass aud energy rate balamces Je the closed feedwater 
heater, tire fraction of “How extracted at 2 ts obtained as follows 

О = 61-ЧИ -he) + u(hz - ha) 
d = Choe-hs) (702 - 19149) 

“(hy-ha)thy-hs) @741.8- 647.22)+с102.- 181.44) 
Now, for the control volume enclosing Же WA Lx ig process 
O = (1-9) bh, + yhe = hq 
hq = CI) hg + y hg = (0.7472 )(102) € (2028) 0105.31) 
= 702.61 Ilka 





= 0.2028 


Or 
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PROBLEM 8.49 (Cont'd) 


(a) Totthd the heat transfer rate Qiu, itis {ес} necessary іо determine the 
mass flew rate улу. To do 5o, begin with 


W. 
ri LP +(I-y)(h hs) 
= (3348.4- 2141.8) c C17 -2028) (2741, 8 - 2082.9) = 11319 27168 


and V 
WE = (1-и\С 5-и) +y Chg - ha) 


= (0.1412)(181.44 -173.88 ) + (.2028) (16 5.31 - 677.22) = 8.07 тд 








Thus | маде | ( 100 mw) to^ els 
WM, © We (д. = WP/m , 7 (1131.9 ~ 8.07) 6/64 { MW = 98.78 24/5 


The heat transfer vate О is 





Qin = M, Ch,- ha) = (+416 £2 - 702.67 S | 
iM 4) = (F8.16 *2)(354,4- 7 iE rr 


> 235 жоё Мои 


(b) The thermal efficiency is 


= Wow _ loo хо? kw _ , 
^ Qin 235 x10? kW 0.426 (42.0%) 


(e) For the condenser, The mass and energy rote balances reduce to 
O =m, (1-4) (А-А) t Mw Chew in = a 
Solving for the mass flow rate of cooling water 
mos M-Y 3- b) 


Cw 
со оиф T hew, m 


with heyz heCr) from Table 4-2 





(8848 kgls (0.1412) (2082.4 - 173.88) 11/14 36005 
MN سس ت‎ ES 
(146.68— 62.997) kT [leg mL 








Era bx bolla ee 
Diswssim, Pumping the condensate tuto the boiler feedwater („пе Nas 
advantages over Happing it into the cmdenser: The fraction of Steam q 
exfratad at A is lower, resulting in Greater work pec umt mass How through 
the turbine. Since the power is covstaut, less Powis required. This results 
th lower hea input ud higuer thermal efficiencg. Th pumping option 
also elim nates the irreversibility due Чо the frogping valve. Finally, the 
Pumping option is Somewhat more complex in terms of pip g and reguires 
OM. АДА M Pump tn the US Jeu. with associated maintenance needs. 
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PROBLEM €. sox 


Knows: The ideal Rankine cycle of Problem 8.9 is modified to include 


One closed feedwater heater opermtingat 100 10/0 The con- 
deusate from the heater is trapped into He condenser. 


FIND: Answer He same Questions about He modified cycle as iu 
Problem 8.9, and discuss fhe results. | 
| m,21.4 xo ФГ 


ә e Qin ~ y) 
5 SHEMATIC f. GIVEN DATA: es р = (0600 ILE | ut — 


| Te (tooo == 








px ТФ | 
loo ШЕ 

Tae feedwater 
heater 





ASSUMPTIONS: (1) Each component 15 analyzed as a control volume at رەم‎ Clode. 
2) АМ processes of Hae working Fluid are internally reversible except for He 
expausion Hough He trap Ca throttling process) aud in the closed feedwater 
heater. (3) The hwbihes, pump aud feedwater heater operate adiabatically. 
(Ч) kv ekic aud potential energy effects are neoligible.S) Condeutate exits the 
tlosed heater as saturated liquid at (о0о aud Ha cmdwmser ag saturated 
liquis at 1 loeli: 


ANALYSIS: First) fix each of Whe principal States, From the solution to Problem 
8.4; haisu БК s= LUSIS Вил. , пуз 1.2 Gtu/ll , hy = 631v Bail, 
aud hg = 14.52. Blu/lb. 


Hate 2: P2100 tbl , 5. 25, = h,= 12:0.) Biu/lb (Table 4-4) 

Sale G: Pa = (600 Њи? ‚ Ty = Tyas @looleelix® = 327.86°F => fom Table ASE 
he < %0{, Bulib Cdouble mterpolation) 

State: p,=too lbplhut у sat. ligucd S> hy = 246.6 вю / 

Hete 8: Throttling process => йә = 7 = 298.0 Bhu/ lb 


kopy ing mass aud мему rate balances fo Ha Closed feedwater heater, 
the fraction of flow ц extracted аф location 2 15 


_ he-hs 
ы ы hah a 0.2490 


Go To determine tHe power developed by the «cle, begiu with a Control! 
Volume around fhe turbine | 


we = h-he) +(ї-у) Cho-hs) 
* [етл =U) (1 -0,2490) (210.7 -Qu.1) | 8 / (b 
= Sl. 2. Blu/lb 
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PROBLEM 8.50 ( Contd.) 


For the pump 
a = he hy = (74,2. - 69.14) Biu/lb = ЧЛЕ Brasil 
Thus, with va, Le кое ГЬ (Problem 8.7) 
Weyete =, [Webi x Weli, ] 
= (1.4 xio” 12) [ S1.92-4,78] Ske = 7,800 x108 Blush Мусе 


(b) The thermal efficiency US 
W солее Усе 
v = — = — (ie 
YA, мл ( h-ko) 
С 7.200 xeo 8) Btu/h 


(ьчх{(о® te/h)( (547.1 — 301,0 J $3. Д = 0441 (44.1 4 PEE 


(С) For the condenser, tHe mass and £A ev4u rate balances reduce. to 





oa №, а-у ужу heshe] + wes (hes tu пао) 
Where Mey is the mass How cate of Cooling water. Solving for meu 
— m [Ci-qyhgey kg - kç J 
Chews out - Wu, \ 
With he, * Ст) from Table A-2& 
_ (4 xto © telwY C(01$ DRI, L E (0,248) 248.6 – 08.19 ) ьал 
ew (46.00 — 28.08 ) Skul lb 


= 4,820 xo? |Ь/һ Mew) 





Pisevssim: (1) Since some mass (5 extracted fom the Turbine, the power 
developed in the moditied cycle is less than for He cycle of Problem 8.4, (2) The 
rote of heat transfer do Ha working Huid passivo Huwugh He steam geuovator- 
Is less for the mod fied cycle due іо regeneration 1и He closed feed water 
heater. Tn this case, He thermal efticiency 15 increased due fo regeneration. 
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PROBLEM 8.51% 


known: The regqeneratwe Power cycle of Problem 6.50 is modified to include 
that each turbine stage has an efftcien 
has an efficiency of B80%e. 


ty ot 88° and the pump 
FIND. Answer the same questions for tha vod ified cycle as in Problem 8.50 
Sci E MATIC ¢ GIVEN DATA: 


™m, 71.4 xo? tolh 





generator 








1 
qe o 





се 
c 60°F 
E 1 
Ты Ф Г\ЛДЛЛДГ 
ioo bel у or ч — 
ео Sef. 


heater 

29 

ы > ve 

ASSUMPTIONS: Same as Problem 8.50, except Ny, ^ Ир = .88 and Ир = - 80. 


ANALYSIS: From Problem 8.50, h, = 1541.7 Bea /ib, S,« LUMS 6iu/lb?e, hy 369.74 Bk/lb 
hy = 30 Bhar lb, ha = 2.28.6 Bhislb, hg =hy = 298.6 к/і. 


hes = (20'7 Bilbo (Problem 8.50) . 
2 Wer / V4 h -h 
Ма, 2 т а — 
(War м.) 


=> ha h- Ny (И,-һа&) = 1251.1 Gharib 
М-М | 
From Table А-Че, s, = (01% Ву -°R. 


State 2: Use the turbine stoge efficiency ‚ First, p, зоо tla aud 32425, 5 


Siete 3: Similarly, р =1 UA 33,2 5, => Жз, 206517 ‚Из, = 437.58 Blush 
Thus, һу= ha- Wy, Cha- hss) = 915,2. Blw/lb 

State 5: State 5 is fixed Using Ha pump efficiency . From Problem $9.50 

hg, = "SL ebh/lb. Thus 
hgs- И 
Np = qe SS he = hyt Chss- ha) /Wp = 25,115 Bluth 
the fraction y of Жа turbine How extracted at location A is 
= —— 2ء‎ 
— 0.231 | 

(a) For the turbine Stages 


WE = h-u) #C1-y)Cha-hs ) 


j 


(1547.7 — (251. De (OIW) (RSL -915.2.) 
507.08 Bru/ th 
For +a Pump 
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Prosten #5] (Cont'd) 


We = hg-hy = 75.715-04.174 = 5415 ві llb 
And Ha net power developed is 
W = wy [Wt/m, = Welk, | 
= (14x10 $) [ 507.08 -5.97S J 8 = 7,01 xof Bush a Weyele 


(b) The Hermal efficiency is 


«cle 


И = W cycle ۴ W e ele 
Giu Y^ Симо) 


C100] жов) А 
Б O Д 
(С) The mass Flow rate ot cooling waker passing trough the condenser is 
w, La-yh,tyhe- hy] 
Chews out 5 تا‎ ee.) 
_ (14x10 °) { (07613) 915.2 + (. 2510) 248.6 - 647¥ 7 


Mew = 


S13 мо? Ib/h а Еа маз 
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PROBLEM 8. 52. 


KNOWN: The ideal Rankine cycle of Problem 8.6 is modified +o include Super- 
heated v or enitring the first turbine stage and one closed feed- 


water heater using extracted steam . The condeusate from the heater 
is trapped inte the condenser. 


FIND: Determine ca) thenet work per unit of steam flow entering the first 
turbine stage, (b) the thermal efficiency, and ссу the heat transfer 
to cooling water passing Hough the condouser per unit mass of 
Steam entering the first Turbine Stage. 


SCHEMATIC 4 GIVEN PATA: 





у 


(8Mf'a = 180bar 







generator 


49 


wp ain We си чир ss ae a 


4 to bur 


“Closed "sat. 
feedwater 
heater 





/ 
— ©? 


ASSUMPTIONS: (1) Each component is analyzed as а. contro! volume үймөгү ове 
(2) All processes of the working fluid are internally reversible , except Tor the 

expansion through the ігар, a rottling process, and in the heater, (3) The turbines, 
pump, and feedwater heater te adiabatically. (4) Kinetic амо potential energy 
effects are negligible . (5) Condensate exits the heater as saturated lig wid at 10 bars, 


ANALYSIS: First, fix each principal state. 
Stafel: p=180 bar ‚т,=560°с 2» h, =3444.4 kIlkg , s, = 6.4392 Kx ks. K 
Staie2: p= lobar, $,=5, Hd» Х„= 0.461, h,= 2711.6 kT Ika 
state 3: Р, = 0.06 bar , ےک ےک‎ = X, = 0.7518, h,= 1482. 3 kT /kg 
Stated. р, 20.06 bar, sat. паа => hy 2151.53 7105, v; = 1.0064 xo * ml/kg 
State S$: het hy t Va (Pc -Py) 


S all iky 
3 10 Nim | : 
= (51.53 + (l.0004 xo"? & )(180- 0.06) bar | — 


2181.534 18.11 = 169.64 aka 


State b: тт, lobar > 17.4 " 


Iuterpolating in Table A-5 
R, = 180 bar d J 3 


ho% 112.1 
State 1: р =1о bar , Sat. liquid => 162.8) kT[kg 
State 8: Throttling process - hg = hq = 162.4921 т/д 


(а) Begin by applying mass and euergy rate balances to ле. closed feed - 
water heater 
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PROBLEM 8.52 (Cont'd) 
О = 4 (h,- h,) + (hg - he) 
or, solving for the fraction of Flow d extracted at 2. 
7 - hy-hs _ 772.1 - 167.64 
h,-h4 211.0 - 762.81 


Now, for the turbine stages 


Ww 
We (и-и) у), s) 
= (3444.4 - 214.6 ) + (0.0909)(27и.ь - 1982.3) =1236.7 kl ke 


= ©. 3091 


And, for the pump 
we = he -hy = 16%.64- 131.53 = 18.1 le [fes 
Thus, the net work 15 


Масе = We _ We. = 1218.6 kT/ ka ' Weycle/nh, 
Ew Mi 


Y i 
(b) To determine the thermal efficiency , first determine the heat input 


бз 2h -he = 3444.4 -172.1 = 2672.3 ko /leg 
MW | 
and W cle (w 1218.6 
М = nsi .IMPe 1.0456 C45, 6 Co ) YL 
буы, 2612.3 LC e 
(€) for а. centrel volume enclosing the working fluid passing through 
the condenser 
Gout = (i-ylhs+4he- hy 


= (0.6909) (1992.3) t (.8641 (70 2.81) 2181.53 
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PROÓLEM 8.53 


KNOWN: The regenerative power cycle of Problem 8.52 is modified {о clude 
that the turbine Stages and Pump each have. efficiency of 85%, 


FIND: Answer the same Questions as ил Problem 8.52. 
SCHEMANC Ф GIVEN DAM. 


; Same as Problem 8,52, 
except urs Ng, z= 0.85 and We 20,05. 


ANALYSIS : First, fix each of the prin = 
cipal states. From Problem 8.52, h,= 
3ччч.ч 1/10, s, = 6.4332 kT/keg- K hy = 
151.53 kT/kg , hi2 112.1 kI [les ana ph ahs 
102.61 k3/ys. 





$tede 2: Using the turbine efficiency , Wy, =(h,-h2)/Chy-has). With b, m 2711.6 1 
from Problem 8.52. 


hi = мМ, - Mg, Chi- has) = 2821.5 711 
Luter polat ng tn Table A-4 3 $,2 6.680] к\ч 
State 3: P, 70.06 bar, $3,725, => X,, ر 07881 د‎ hys = 2057.0 Етік 
State 5: Using the Pump efficiency j Np =(hso-hy) /Chs- hy), With hss = 
109. 64 k3/ leg from Problem 3.52. 
he = hy + (hss-h«)/np =172.84 ГЕ 
(a) Using the modified data | 
Y 20.241 , We /rn, =1083.5 kT/hg , Wp/m, = 21.3( 10 
Thus Weyele = 1062.2 7/14 Weycle/m, 
Mi 
(b) Qul, =2672,3 kTlkg and и = 0.397 (39.7%), — 
() Qow/m, = 1610.1 kT / ka Qousl n. 
Discussion ; Comparing the results with those of Problem 8,52 indicates tat 


turbine and pump irreversiwilities affect the net work of the cycle significantly, 
Thereby Causing as ignificant drop и therma | effiuency ‘ 
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PROBLEM 8.5 4 


KNOWN: The power plant lay out of А9. $9.12. {К Under Consideration. 
Lids Determine xpessrons for ^. (rach ous of thy tetet flour 
at States Ө, ӯ in terms of than fvachous 
SANE MATIC EEN DATA: See Ag. 8.12 


ASSUMPTIONS: Con Ho | VóluwAes at Steady State Cueclose each of + AR 
pa^ anak Components. 


ANALYSES! Lethug m denote the dote tow eut na the frst 
turbine Stage, Ue have. 


Уг, Ys, YG ) Aud yz - 


State Z: У = we , State 3. әз = m3 state 6: Y= mo stat 7: د ی۷‎ "2 
M | m | ил | 


any 


A gpl gns amass tate lalante to e. contol wlume enclosing 
the overall turbine, 


= © у Ji^ct my 2 WS", 


es Ms "^ v. x 
i IT o 0 ah MF _ -Y.a Y-Y, — 
— W^ | WA Y w^ i E us 1-3, ~ 93- 90 -972 Js 


A mass halance fer a conho! volume €^ c sns thaw ceowden tef reads 
"^a - "^8 „т 2.0 
For the closed feedwater Neator and valve ) mz = m iq = ло. Ana for tha 


Closed feedwater heater and pump, mis Y^ io = ма ‚ Glleckng resul 


"^u = wa + wa 
> Ҹа Ч®- YF e^ wu c Сї-Чъ-Чу-Че- 9+ ) + 47 


= i- 453-4 
ee "— j, 


For the intermediate-pressuve СЛО е 9 feed wa be, Mte i, mg "^34 (o. 
Art for the Wwgh-preessure closed feedwak, Meaty, and valve, 
m= Wis = Ilo А Colle сд Nat udtr 


m: ma HM 


= з= YR +3 E Ji 
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PROBLEM 8.55 


nown: Water ic the working fluid ina Yegenevatwe vapor power cycle 
with one closed and one opem feedwater heater. Data are 
known at vavious locations aud tHe net power output is gwen. 


IND! Determime (a) the thermal efficiency aud (b) +he mass flow 
rate of Steam Ante ing the first Hw bine stage. 


SCHEMATIC £ GIVEN) DATA: . Е 
— Qs, т, = 480% ہت س سے‎ 31 


ГГ, ; | : 
eus — ae Se | ape 
= = N 1 (I-4-u") 


- 





* Virop W n -4 -u h ) 
ASSUMPTIONS: Same as Exawple 8.6 у except no reheater, 
ANALYSIS, First, fix each of the principal stokes. 
Stake 1: р= Өо bar ,T,-u809c $> И, = 3348.4 K3/ks , 5,2 6.6586 Е.К 
Shote z: p,2*0bav , sS, => h,= 2465.5 kT [| ka 
State 3: р = 3 bor , $325, => X42 0.9373 , hy = 258٩.6 єз! 
Siete 4: Pq = 0.08 bar у54=5, => Xy 2.1444 , hy = 2082.9 Ы 
Shake 5: Ps =0.08 ber, sat. liq. => hs =113.88 ETlEs 
State о. hy x hg + Ug CPe- P5) 





| ia ЕЕГ mi | ELLEN 
> 115.88 ts + (1.0084 x6 T )(3-~.08) bar | ber || 109 Nem 


2115.96 + 0.294 = 174.17 (Ко 
State: p,=3 bar , Sat. liq. => hy = 5614 KT ks 
одев: hg + АЛ Cpg- Pa) = 501.47 + (0.0132 ке ? )( 80-3) |105 
= S64 7+ 8-26 = 509.13 lks 
State: ра= Во bew , Tq = 205°C => (Tutevpolating iu Table A-5) hq = 81834 p, 
State to: ро = 20 bow , sat liquid a> ho = 408.11 kT [la 


5 uU: Throtthig procese => һ = ho = 08.79 ЕЗГЕ 
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PROBLEM 8.55 (Cont'd ) 
(а) Beain by determining the flow rate vatios Ч' aud y", Energy and mass 
vate каб исе for tun closed feedwater heater reduce to 

© = u'(n = hy) + (hg -hg ) 
m y ha-hs 87834 - 569.73 


ha-no | 7463,5 - 308.14 
And, for +he open feedwater heater 


> 0.1502 


o = Ч" ha + (yy het yt hu = ha 


oc 208 (Wy hu) + Oa hU (0.1502) (174.11- 908.79) + (51.47-11.17) 
Cha - he) (258%.6 - 14.17) 
а 0.1197 


For the dubiae Stages 


ne = (h,-hz) +0 -Y'\Che-hs) + (t-4'-y") Chg -hy ) 
| 
= (3348.4 - 2463.5 )4 (.8 q4€)(24063.5 - 2589. b) + 0.7351) (2584.6 - 2082 4) 
< 1075.1 k3/ka — 
For He pumps 
We 2 (he-ha) e Cio gr q' Chy~ hs) 
= (569 13 ~ 56141) + (.7351) (11%.17- 113.88) = 8.97 kI/key 
For thea Working fluid passing through He Steam generator 
Qu _ - | 
wa Mas hq = 3348.4 - 878.34 = 2470,1 k3 / k4 
Thus, the rev ma efficiency is 
y = ع‎ DRIN = 2.4318 (43,18 Yo) n 
Qin /w, 


— — — و 
(b) To fwd Ye mass flow vate m,‏ 

Weyele = Уу | [Wali = Weli, | 
tus TUN (100 xi? kw) 3660 S 


MN = — — — 
'  (їөлзл-8чтук/ы | Ik 


| icTls 
{ kw 





- 3.375x10 kg/h ы“ 
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PROBLEM 8.56 


KNOWN: The regene rative vapor power cycle et Problem 8.5515 reconsidered. 


END: — Juvestigale the effects on performance as the higher extraction 
pressure Fakes on other values. Con struct suitable plots and discuss, 
Consider both reversible and irreversible operation of the turbine 


Stages and pumps, 


SCHEMATIC £ GIVEN DATA: See solution to Problem 8.55: 


ASSUMPTIONS: See solution +o Problem 8.55. Also, Vy, = Ир. S WT B0% aud 


No, == B6 {or he second part. 


ANALYSIS " The performance is ти ity ples by determining the effects on thermal 


efficiency of vary tng the feed water 


From the T-s diagram, we see Hat — 
state 4' moves higher as the extraction 
pressure increases. This reduces the heat 
input to the сисе. However, from (а) we 
see. that the Fraction u' of the total Цоо 
extracted to the close heater also 

la creases. This results iu less mass How 
through the second amd duwd tuvloine 
Stages ond hence, less power output. 
the ‘not effect is a reducti iu Hheymal 
ебхсісиси ‚ as lustrated iw Co). 

Another factor thot reduces the power 
output is the irreversible expansion 
across the valve. This affect also worsens 
at higher extractum pressure, 


T= Np = 100% 


Fraction of flow extracted 





О 10 20 30 40 50 60 
Feedwater heater pressure - bar: 
(a) 
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eater ex traction pressure, 





Tj, = Np = 100% 


п. = Np = 80% 


10 20 30 40 50 60 
Feedwater heater pressure - bar: 


( b) 


PROBLEM 8.57 


KNOWN + Watev ws the wor ciu fluid mwa санаа а vapor power eyele 
with one closed aud one open feedwater heater. bata ave known 
at various locations and the mass flow rate entering the first 
turbine stage LS given i | 

FIND: Determine ca) Ha thev mal effte leney and Cb) tha net power developed. 

SCHEMATIC $ GIVEN DATA : Меде = 320 MW 





Р, 2 pA M РА 


э» — n‏ ے 


— —— 
— 1 — 
— am 


Wee Cinyt-y") 


ASSUMPTIONS: (I) Each componeut is aualy zed as & contro! volume ot فهو‎ state. 
(2) Each process of the wovleing Huid is internally reversible, except ѓи the 
4 er heaters and Wa mixing of streams а И to form streaw 2. (3) The 
tuvbives Pumps, and feedwater heaters operate adiabaticatly (4) Kinetic and 
potential energy effects are negligible (5 ) Condensate exits the closed heater 
and condeuser, oud feedwater exits Ha open heater as saturated Liguad 
the cespectiva pressures, 


ANALYSIS: First, fix each of tha principal states. 
State ү 


State 2: 

tate 3: 
State Ч: 
State 5: 
State lo. 


State 1: 
Stote 8. 
State Q`. 

State 10 


P2120 bay , T,» 520°% $ М, = 3401.8 ТЇК , 5, = 6.5555 kT/ky-K 
Pa = tO baw 2 3225. => %2 = O.A4%31 , ha? 2"6 42 lT (14 

Р» = 1.5 bar , 532S, => X, = 0.0647, hs = 2136.۹ le3lks 

Py = 0.06 bar , $q2$, => X4 0.1121 ر‎ hy = 2018.3 l3 (k4 

Ps = 0.06 bar , Sat. liquid => he 2151.53 kT/leg 

hy × hs + 05 СРО - Pe) 

151.53 E + (1.0064 к ?) p (1.5 -,06) bow LL 


Lo? мім 
to? М.м 


\ cw 











151.53 +0.14 = 151.67 kT 

Р = 1.5 bar ر‎ sat. Liquid => ha = Ч6Л.и kJ/kg А 

hg = hat Va CPg- P4) = Чол. Ч + (1.05 28 x03 )(120-1.5У E | = 414.59 B 
Ра = 120 bar , т =(10° => Tuterpolatins in Table A-5; ha = 725.86 кА, 
Ro = lobar , Sat. liguid => hy = 162.81 kT/kg 
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PROBLEM ¥.57( Contd. ) 


State Us hy, hue e Ve С Ри - Pro) = 762.810 + (1.1023/03 Li20-10) | 2— 








C^ Arp pla ng wast and ene rg ^ pate balances t» the Control Volvine CncClocin 
+he — heater, the fracthon ef flow d^ CXtracted at locaton Z is 


/ h4- hg _ 728.96 - 47959 





у‘ = = — = О: !040 
ha~- Мо + hq- hg 2764.2 -7e2$i + 72, Bb — #715 
Ts aii ows Tae Speer Oe enthalpy m 12 Te laa. de ter wa иеа bs — INS 
e مما‎ x бим o Streams 4 and U 4j 
0 = С\-ч7) ha + ghai- hiz 


Or 
h = с-4) he + ylh = (0. 8404 (725.96) + (o. ie45Y 775 u ) = 731.277 E£J/g 
M ext, anergy and mass b alauces for the control voice enclosing the open 
heater give tire {rach on у^ €xtvacted at З $ 
o2 ythy c qr") ho С) hz 

idi y's (ivy Cha = he) _ (0.8704 46711 ~ 461.67) _ 0.1224 

Cha—-he) (2436.4 - 151.7) 
For the сок уо Volume enclosing tlhe turbine Ste ges 

We . (h,-h) + (1-97) из) + (1-44-42) Chg- ha) 


< B408 -2764,2) + (0.8904)(2764.2~ 24364) - (0.7675)(2426.4— 2018.3 |j) = 1250 2 E 


Mp = y Chu = bio) "e bleu. (ъд №) + [l-9397 yh. - Ay rj 


a (0.1046 \(775 24 - 762. 8) «(o 9104 ET- 467.11) 67e i) (iy 1-67 - 4 "i 


= 12,58 2/69 
For bh, 3 team genera rT 
Sie ud ha = 40, 8) - (781.27) = Z6 70.5 KVE 


w 





V | 


Thes, UU tty «А © {A ‘Cen ©) i 


Wes, = Welt, 505 02.58 ل‎ у, 
Ts bacio. Жей ы МР ee D US (46.3%) poe 
Qiu jmi 2070. 


(b) The mass flow vate into the frst МАМЛЕ stage {$ 
W qele 


J —— 
Welw, - Welm, 


\ 


(320 MW) Е lo els | ле $ 
` (280.3 - 12.58) kT/kg | MW 





= 4,31 хо? keg lh Үй, 
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PROBLEM 8.58 
KNOWN: The regenerative vapor power cycle of Problem 8.57 is modified to 
include that each turbine stage has an efficiency of 82%. 


FIND‘ Answer the same queshows about tke modified cycle as ıu Probe 8.57 
SCHEMATIC 2 GWEN DATA: 


ASSUMPTIONS: Same as Problem 8.51, 
except Uz = Yu, = Nes = 0.82. 


ANALYSIS: From +l solution of Problem 8.5 2 
h,= 3401.8 КУЛ 5,2 6.5555 Icy / ko tc 





hs 2151.535 Т/с hq 3725.66 КЗ 
Мо = 151.67 kT/ka М№,о2762.. 81 elle 
hız Чел, kT k4 hu 2775.21 leTlleg 


hg = 419.5% Teg 


Sate. 2, : Using the turbine efficiency , Yu, = Choha) 7C, 7h as). With 
has = 2164. 2 (Problem 6.5F) 


М. = ho hyth- has) = 2874.0 kT kg 
From Table A-4 , S2 = 6.1977 “7144-6. 
gem Similarly , 37 I.S bar „ә Sas aSa => X35 7.4265 2 з= 2530.0 KL, 
T №, = ha- Nez cha- has) = 2592-8 kT 114 
aud »US(ng data from Table А-3; x, = 32541, 33 = 632610 Wiko К. 
State us Again, Py = 0.06 bar ر‎ Sag > 53 => Xys ° -B2465 | has 22143,8 ella. 
Tees qm Wy Nes lls- hus) =222Ч,6 Valla 
(a, The flow — q' is 
ha - he 125.86 - 414.549 
\ = TL c Pen ee ok 
4 ha hio 2824.0 – 3162.9 60 
М. = (1-9) hq TY hy, 2 (68361012 5.66) + (UOY) (775.21) 
= 7316 КУГ 
and the flow fraction y ts 


T _ CUSX h4- lk) S 6.9936) C461. - 151.61) _ 
$ " Oso Cas42.8 -i5ier) ` OUZ 


For the contol volume enclosing the turbine stages 


ES =Ch,-h2) FCU -4'2 Chu - Къ) + Ci-y’-y") Chs- hy) 


2. (3401.8 - 2814.0) 4.8836) (2823.0 - 2542.8 ) + (7644) (2592.8 - 2224.0) 
= 1054.0 k3/V*3 
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PROBLEM 8.5 8 (Contd. ) 
And , for the pumps 
We < y (kule) + Clg Ce es) + 1-9-3") Che-hs) 


. 164 775.21 – 762-81) + (. 8836) (u14.54 - 461,1) + (21644) (151, 67- 151.53) 
= 12.58 kT{kg 


For the steam generator 


ба 2 hha = 34010 -731.6 = 20162 klk 
Thus, tho thermal ecc leve is 
ya Welw, 7 Welm, _ 1054 – 12.58 _ А 
Å iu / v^, 2610.2 0.392 (34,2%) n 


— — 


(6) The mass flow соле into the Cost юе Stage tS 
i W шус\е 
Wee, - Welw, ] 





. (320 Mw) io^ ka[s jjaeoe s 
| 1054.0 -12.58 ] «7/64 | | AW | iL, 
= Lixo? kg/h 
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PROBLEM 8.5 q” 


KNOWN: The ideal Rankine oce of Probem 6,4 is modified to include 
one closed aw one open feedwater Медок The condensate 
He closed hester 15 upped into Жа. өрем heater. 


IND! Answer the Same Ques trons about the modh ed u cle &S UA 
Problem 84 ayd d coss the results, 
SCHEMA AC Ё GIVEN DATA: Qin — 4 


titira 
— — т hoo — 


ama — == 
«лир <> 
-— че 





Ty? 392°F | | 


lo 
Sat. 


lig. 


ASSUMPTIONS: Same as Example 8.b , except no reheafey" 


ANALYSIS: From the solution to Problem 8.%, И, 20411 6tu/le, 5, = 
LUSIS Siu/lb-* €, hus QUT llb aud he = 69-14 Вк. 


ое 2: р, =250 Ibu spas, td he = (299.8 Ofu/lb 
Stote з. p= YO НО зуг 5, > Xz = 04049 , ha = (031.1. ӨМ ЛЬ 
Д х he + Us Ср, - Рс) 

ољ b: he * hs — MITIS | Bie k | € 

= 614 V5 +(- ie | pz [fete abg | 40-10 у 

= 63.14.4- 0.12. = 69.86 6y |b 
State 1: pc цо Іри, sat. ligucd a> hy = 236.10 Bulb 
State 8: hg = hyt V, Cpg -P, ) = 236.16 + (01715) LHL (оо -40) 

= 236.16 + YAS = 24i lU. @k/lb 
Stated: P. = 100 (bin? , Te = 392°F => С Iuterpolatiug in Teble 4-5) 
па = ув, ъа Bia/ib 
State 10: Ro = 250 16и Sat. вч x М, = 376.2. Btu/lb 
State и: Throttling process > hi- hio = 376.2 huib 
(A) Begin by determin tug the Clow vate vatios y' aud 4^ Enevy aud 


mass roke balances for the control volume enclos (us Yo Closed teedunter 
heater reduce {о 


О = uy lhi- Wo) + (kg - hà) 


Ре ha - he 368,39 —24(. t1 


ba : = 
4 ho е hie 12.44 .« e iot 0, 565 
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PROBLEM 8.54 C Contd.) 


For the өрем heater 
2 y" hs + Ci-u! -u")he Yh, Ра ha 


OC ges EO NO ahe „ (ores nme 37162) e(t te- бав) 
37 C u31,2 — 64.86 ) 


For the duvbiie stages 


we =Ch-h2) + (а-у) ch_-hs\ + Ci-y'-y" J) kh و‎ - lk) 
= ((S411-12483)--(, 863S) (124.8 “137. + (1409) (031.2 - Q4.) 
= 557,10 8lw/lb 
and for He pumps 
E = (hg -h4) e (i-y'-y" Whe - hc) 
= (21.4 72536. 00)4- (1400) (63.86 64, 145 =5,09 Bru / lb 
WA Wa = LUXIO bih from Problem 8.4, Ha wat power developed is 
Wye aw, (Walia, - Welw, ] | 
=(1.4 коё te) [ 557, (0-S.04 ] Bau = 2.129 хоё Bhu /h uu “е 
(Ы) The thermal — T: 





WN wele Wye cle 1114 xio8 
Tha) CU wee) (58171 — 308.38) 
= 0.40 (4t. %) ac 


(c) The mess flow vate of Cooling water pess mg имо мл Ae суйо 
iS found from 


у, (1-%'-Ч') hy - Ms) 
accede ~ View, in 
_ Ct кое WW) CTR) ( 40,2 - 69,14) elu/lb 
C(4 8.04 - 29.08) 9t«/U, 


= «H0 xo 7 Iblh Mw 





Discussion , (1) The net power developed wi Wa чле Суг cle ts less Jhan in 

Problem 8.4 due to Sowa. WSS being extracted .(2.) о of hee Асам сег to 

tha working fluid pasce wo ya sleaw generator is lecs for the modified 

TPS daue Ҷо reqeueration Ww feedwater “heaters. Tutus cose, the 

flo pr CH iency tS creased dus fo vegen erakun, (3) The. cooling water 
t€) rase i$ 


le dS ved. oc educ od of 
working HULA К: nah ie Neer ння bee Bet coger рий ыи 
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PROBLEM 8, 60” 


own: The vegewerokw e Vapor er cycle of Problem 8.59 is modified to 
tuckihe thet each the Stage has au efficiency et 88% aud 
each pump has au efficiency et 8с°. 


(Nb: Repeat the analysis of Problem 8.59 {fer the modctied wele, 


For te pumps: 





5 
ASSUMPTIONS: Зате as Problem 8.51 , except v4 = Yu, = V4, 20.88 aud 
Ир, 2 Np, 2 о.8о. 


ANALYSIS: From Problem 659, h,= 1541,1 &iu/lb, 5, = LOSIS Blu/lb- , 
hs = 67-14 Brusth , hq = 236.06 Btu иь, hg = 308.38 Blush, avd hio sh 
= 376.2 btu /\Ь, 


Slade 2: Using tha Hw bıne efficiency , Tg, = Chich )/Chy-has). Thus, 
with his from Problem 8.59 
ha sh, - ny, Chy-hes) = 1524,5 8н /Ь 
ر هسه‎ interpolating in Table А- ЧЕ; S4 = 10545 giu/ib- R. 
State. 6 First, Р» zuo ib lin, S35 = 5з. а> Xs > 0,88 0 1 ) has (157,5 6ju/lb. 
Then haaha- Mar CHu- Wes) = Og Bhat 
aud, interpolating in Table А-Чё; 5, = 1.06771 Bhutto 9g 
State 4: With р 1 ЫА sys 734 => hus = 442.1 Bes lb 
Thus hy т ha -NezChs-has) = 471.0 Qi /lb 


State 6 : Using Hae QU p efficiency ر‎ Ур, F (hes -hs )/(he-ls) Thus wih 
hy, from Problem 8.59 


М = het Ches-hs/Ne, = 64, 89 Otu/Ib 
5јоје 8: Similarly, with has from Problem 8. 51 
ha = hy + (ивѕ- пт) Mp, = 242.35 Diu. bo 
The mass flow rate ratios y aud 4" are, vespectwely 


1. Ma~he _ 368.36 – AUIS | 
d М.-К | (524.5 — 570,7. 0152,2. 


wd, i 
E y" 22 Chg Ма) + Cha- be) _ (04322) (64.89 - 376.2) (236.06 - 64.84) 
(ks > he) (41@.[ - 69.89) 
= 0.1135 
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PROBLEM 8.60 ( Contd.) 


(4) For He Чоме Stages 


WE К he) HUY Cha bes) e CL) Clg he) 
` = 505,@0 бм 
And for the puwes 


Ме -(hg-k¬) + Ci-y'y" 1C hg -ks) = 0303 ВМИ 
thus, wile MEL кое From Problem 8.54 " 
| Мае =m, [wa - Welk, ] = 6.9۹ 1108 Blush, Weycle_ 
(b) Tha колмо ес (лој (S 
m= عا‎ a есе. цад (42.4%) v 


— M — — — — 
Qv. ™ CK, - ha) 


(ce) The mass flow rote of cooly water rough Ha condenser ts 


` ЖУ? ak | 
Wis = с, Lini ut: اا‎ = ҶЛож‹О? Ib/h mo) 
Cu 


V^ cv» out - ews it 


PROBUM 8. ©! 


KNOWN: The ideal Raukine cycle of Problem 8.6 is modified to include one 
closed and one open feedwater heater. Dafa are lenown at various 
locations. 


Eiun: Determine la) the net work per kg of steam flow entering the 
first turbine Stage ,(b) the thermal efficiency , and Ce) He heat 
transfer to condenser cooling water per kg of steam flow 
ewe the first turbine — 


Qin Р 718Mf «160 bur y 
بک سس‎ SOC ee — | 


| \ў 4 — آ‎ | : 

* * * W. 
l € 
| 
| ! : 
| | Е 
| 4 MPa = ЧО ba Su q 


Qi 
79 








Qu ы, 
ASSUMPTIONS! Same as Example 8.6, except no rehexter. 


ANALYSIS: First, fix each of the principa| states. 
Statel: p,='Bobw, Т, = S60% ¥ |р, = Зччч, 4 FTlks , 5, = 6.4392 I3 les 


State2: р, = Чофаг, 5,25, > h,= 3006.4 kT/ka 

State3! p= 3 bar, s,-5, => X,=0,8%6l ,һ, =2500.5 Еті 

State4: р, = 0.06 bar, SyS; Ф Xy 20.7578, hy = 1982.3 ЕТІК 

state 5: р, = 0.06 bar, Sat.liguid ¥ hg 215.53 Tbs , Us = 1.006 x0 m/s 


State 6: h, = het Ua Ср, -рсу 
G^ ^$* "Ss Ро Ps — 
pus 


= (51.534 (1.0 o64xuo 5 i Y 3- 0,06) bar 
7191.53 + 0.246 = 151,83 kTlky 
State T: Ру 3 ber, sat. liquid => h,= 561.47 k3/ks, vy = 1,0732x(0 ^ mA ks 
States. hg h.* 17, (Рв -Р,} = 561.47 +(0.07 32х03 )(180- 321 10] 
= 501.47 t 19 = 580.5 кл |9 
Stated! Ta = Т uo bar ^99 66, Ja = 180 bar => hq% 1087 iT [les (TableA-s) 


Sfate 10: p =4obar , Sat. liquid => hip = 1687.3 17115 
State u: Throttling process => h,= ho = 1087.3 (714 














| eT | 
(03 М.м 
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PROBLEM 2.61 (Cont'd) 


(a) Begim by opplyiug mass aud emersy голе loclamces to covtrol voluwe 
eviclosing the feedwater heater in order to A ^d the flow rode ratios y mdy’ 
For the closed heater 

О = y'Ch,-hie) + Cha-ha) 

‚_ hq-hs _ 1087 - 580.5 
J | ha- hie J 3006.4 – 1687.3 
And, for the орел heater. о = Ч" hae Ci-y-y hy eg! һу hz. Thus 

u_ YChe-bu) ¢Cha-he) 0.2634 (151.83 - 1067.3) + (561.47 - 151.63) 0.0 693 


(n-ho) (2500.5 — 151.83) 
Now, for the turbine Stages 
E z(h -hat (1-YKh,-h3) t (I-y- y" YU. - К) 


= (3444.4- 3006.4 ) + (6.2361 300b Y- 2500.5) + (0. 666%) (2300.5 — 1982.3) 
= 155.49 kT lke 
For the pumps 
SE = Се) (1-9-9) СИ, 5) 
= (550.5 - $61.47) + CO. D(15,83 - 151.53) = 14.2. кл, 
Thus, the net work is 


Weycle 2 We 2 Lad ا‎ “UA lT [15 : __Weycle/m, 


M, M | m, 
(b) To determine Фе thermal efficiency, first Find the heat input 
Le. h -hq = (8444.4 - 1087 ) kl kg = 2357.4 127125 


OY: = 6.26394 


Mi 
Q. | ن‎ 4 3L. | 
" ic RN 6 n 
Ah lw, 235 1.4 





(с) For a contro! volume enclosing the working Fluid pessiing 
through the condenser 

Q out 

wi 


H 


-yyy Chy- hs) 


(0.6668) (1482.3 ~ 151.53) = 1220.8  ET[ks e Gout [w, 


Hn 
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PROBLEM 8, 62. 


KNOWN: The regenevatwe power cycle of Problem 8.6] is modified Jo include 
that The turbine stages and pumps each have efficiency ef ESA 
EIND: Answer the same questions as in Problem 8.61. 


SCHEMATIC £ GIVEN DATA: 








ASSUMPTIONS: Same as Prokem 8.6] , except 
Nh 24,7 OBS ама Ир, 2 Ир, * 0.95. 
AMANSIS; First, fix each of the principal 
States. From Problem 8.61 , h,= 3444.4 11, 


S, = 6.4332 Е7(4 <, hs 2151.53, h4,* 561.97, 
he = 1097, uk by, =й = 1087.3. 


Statez: Using the turbine efficiency ' : 
Me, > Chr А) Chi- has). With Й, = 3006.4 E; 
from Problem 8.6] 
> h,- Ny, Co has! = 3072.1 le (es 
Turevpolating in Table A-4 j $, = 6.5479 eT [eg + IK 
State 3: P= 3 фот , 5,525, ™ ху; = 04165, has 3 2544.6 kTlkg 
ond h, > h,- hi, Ch,- 5) = 2623.7 kTlka 
Also, Ху= 04531 and Sy = 6.7424 kS lleg K 
State: Р, 20.06 bar, Sys = Sy > Хаз = 0.7967 ر‎ hgs = 2076.3 kT] leg 
ond hy = hz- Chy- hag) Mg, = 2158.4 kT Ike 


State e : Using the pu eFficien hs. = Ch 5-Й )/7Chge-hs). Wirth h = 

15(.83 from Prob kem gE EL Pi 5 es 
hy j hs + ( hes - hs), ne, = /3|.88 kT Iles 

State 8: Similarly , with hes = 580.5 Ез] 





1j ! 
3 4 
7 u 3s 
6 kPa 2.00 ber 
5 qs 4 
5 


hg а hy + Chgs - п) / му, = 583.4 kT | ke 
(a) Using the modified data 


y'= 0.2.6 22. j y" = 0.0665 , We, = 1021.3 kI [ks j Wp |n = 22.01 LS lke 
Thus w 


N алеје. > 944.2 kJ (ks Weyele/ ñ, 

Mi 
C Aunli, = 23574 К aud Y= O24 (42.4%), М 
(€) бе, = 1358.0kTikgg etl, 
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PROBLEM 8.62 


KNOWN: The vegenevative vapor power aycle ил Problem 8.55 is modified 
to include rehat ot 20 bar. 


Fino: Determine. the thermal eff Corenry ot the умо ied ag ele. 


ScuEMAnc $ GIVEN DATA: Qi Р, 3 Во ber E 


— 





ASSUMPTIONS. Same as Example B.6 
ANALNSIS! Using appropriate dala from Problem 8.55 


= 3348.4 kT leg hg = 561.13 kTlkg 
h.=2963.5 lka hio = 818,34 76 
Wp = 113.66 ЕУ! hi = 108.14 kT lk, 
ha FITT elles ha =4оё.ла (Illa 
hg =5Ыч7 kIT ky | 


Slale 3: Р, > 20 bar , Tz2440% = Wg 3335.5 К/К, 552 1.2590 Vill, ke 
State 4: р= Э бат , 5, =5: $> sup. vapor ; hy = 2839.5 СУ/ЁЕЗ 
State 5: fs 0.098 bor 35283 Ф X = 0.8723, he 22270.1 тік 

From Mae solution to Problem 8.55, y! 26.1502, Req arda ug y" 


ч = 4! (ha-ha) + Clhg-ha) _©.1502.7(114.417 - 208.79) (561.47 - 1141) 
d (hy -h+) (2839.5 – (14.11) 


= 0.1039 


For He turbine Stages 
Wal vie, * (hi-ho) + Ci-y')Cha-hy) + Ci-y - uv) Chy-hs) 


= (5348.4 - 2463.5) +(.84%8)(3335,5- 2839,5) +(.1954)(2 839.5 -22701) 
= 1231.1 kT kg 


Md, for Њо puwps 
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PROBLEM 8.63 ( Contd. ) 


Wela, = Cha-he) + Ci-y-y") Cha he) 
= (561.13 - 561.47) + (754) (o0. 007 173.88) = 8.48 kTlkg 
the tolal haat added eo суд hothing/superheatvg and vel eating Ks 
expressed per Unit mass entering Ha ferst (йе as 
бым, = (hur he) + Сҹ (8-8) 
= (3348.4 - $18.34) +(.8498)(3335.5 - 243.5) 
= 4786.2 V3|ks 
Thus, the row mal е ciency is 
Үү = Wal ws, Е Wel, 


= о 889 
Qu f wr, 1990 в ا‎ 
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PROBLEM 8.64 


KNOWN: The vapor power cycle of Probem 8.62 is moditied іо include 


that each turbine stage Mas au efticieney of 85° aud each 
Pump has ам efficiency of 82/0, 


twp; Repeat the analysis of Problem 8.63 for the modified cycle. 
GCHEMATIC d GIVEN DATA: 


For Ha pumps: 





ASSUMPTIONS: Same as Problem 8, 62, except Na, + 4, Nk, 20.85, And 
We, = Np > 0-872. 


1 From Problem 9.62 , И, = 3348.0 ст, 5, = 6.6586 kTlky-K, 


h= 3338.8 КЗ, 53 = 1.2540 Villa. ic, hy 21713.98 Klika , We = 561.47 3k 
3 «9 » 23 5 b 2 & ) 
hio = 818.3% LT | kg 3 hi, = Ma - 708.14 kT| leg Й 


State z: Using the turbine efficiency, hy, = Chy-ha)/ Ch,- has). Thus, 
with Was from Proben. 8.62 

Ma = h.- Ne, Ch -heas) = 3021.2. kT (ley 
Also, iwherpolating iu Table A-Y; $ = CHLO] kT/ ka. 


State: Py = 3 baw ‚ °ч 2 53 = hus 2 2834.5 сз, С Problem 8.55). Then, 
witk Nta = 0.95 


Wy 2 Му- Rea lhg- hus) = 2413.4 KT/ka 
Further, waterpolating iu Table À- +j sq 27.3340 kI/kg-K. 
State 5: pg =.08 bar , 5552 Sq => hgs 722470 kT/kg . Theu with hy 3.85 
he = Wys КЕ Chy- Mss) = 2387.5 кз 


State 1: Using Ha puwp efficiency , Np = (Баео) / Ch4- hel). Thus wit 
has From Problem 8.63 


ha = ha + (has -һ)/ Ne, = 14.2.3 kI/ka 
Slate 2: SIMÎ larly , with has from Problem 2,63 
ha = het Chas - he)/np, = 571.54 k3lks 
The muss flow vate vatios y' ond. y“ OAL > Yes pectwely 
y' : e - ka _ 828.34- 51.5% 


= 0.1952. 
ha -Mu $011.72 - 408,14 


буды, 


us ha-ha) + (а-а) | (1482) (174,23 - 408,74) + C SOLYT= 179.23) 
| (hq¬ 4) | (2913,4 - 114.23 ) 


ji 


0.1024 
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PROBLEM 8.64 (.Cos4d.) 


For the turbine stages 
wel, = (how) + Oly!) (hg- kç) + (1-у'-ч*) (И-й) 
= 1062.1 kT/kg 
oud, for He pups 
Wel va, = Chq-he) + Cl-y'-y") Uh, - lh) 


= (0.33 k5 / ka 
Рааб, He total heak added per uit macs ewlering The Ars turbine 
Stage < 


Asal т^, =(һҺ,-һ„) + (1-4) (ha-ha) = 2738.7 k3/leg 
Thus, the Hewal eft cctency tS 


nse = 0.391 (34.1%) И. 
хім, 


PROGLEM 3.05" 


KNOWN: The vregenevatwe power cycle in Problem 8.54 as modified 
to include reheat at aso 166и 


EIND: Determine the Hermal etfiaency of the modified vy cle, 
SCHE MATIC GWEN TA: 


Qin P= босс _ 
=з -— — — — mo 902 те -—— سے‎ nav 









3 . 2. 
ССА. 





4 [| дефе 
GF] 
10 
Sat 
lig 2 
бут ©, 
ASSUMPTIONS: Same as Example 8.6 ` 
ANMYS(S*. Using appropriate data from Problem 857 
Ws 1591,7 etu lb Mg = AULIN ent 
Ina = (299.8 iwib hip = S68 38 вм ЛЬ 
My = 64.14 Brust ha = 31b.2 нл 
мл 2 04.60 BMI —— М. = 276.2, Bhulll 


Ms = 236.16 &hu/le 
Stake 3: р; = 250101 T4 2400*€ {> М, = 1475.3 Bulb s521.7799 Bie 
Stole Ч. Pusto llf? Sq 25, > sup.vapor ; hy = 1258.4 Бн /lb 
Stoke 5: peal 11и 5525, > Х = 0,8420, hg = 940.5 Stu/ Ib 
From the solutim 4o Problem 8.59, Y'= 0.1505, Regarding y" 
— —V +Cae-ha ) (. 6S )(64-8& — $ 16.2) + 36.16 - 69.86) 
д Chy-h-+) (1253.3 - 64.8 b) 
= 0,105 | 
For the turbine stages 
Welw, = hha) + liy) (hg- le) + Gur Cae) 
= ( (5971.1 — 12998) H 8635) (1415.3 - (253.9) + (1884) (1253.7 - 994.5) 
= 635.8 Blu/lb 


§-104 


PROBLEM 8.65 (Comtd.) 


Aud, for Ha pumps 
Welva, = (hq- We) + (-у'-у") Cha - he) 
= (241.11 - 236.16) + C. 1594) (63.86 C4. 1) = 5.00. Bha/lb 

The tolal heat added duarivg boil ra | super heating aud reheating is 
expressed pex unk mass entering the first turbine as 

бы, = (WW) + Clg!) Chg - he) 

= (S411 — 368,38) + (,9635) (1475.3 - 1299.8 ) 

| = (330.9 St/Ilb 
Thus, the Me ema | есем is 

М = Wilm, = Welm, = 0.414 (чац >t v 


св 





Qin Im, 
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PRoGLEM 8.66 


KNOWN: The Vapor power a cle ot Problem 8.65 ts modified to include 
Hek each turbine S 


tage hes an efficiency of 88% oud eac 
puwp has ам. e Mcieuæc⸗ of 8o*[. 


Repeat the analysis ot Problem 8.65 foc Ha modified cy cle 
ScttEMAne Ф GIVEN DATA: 
For ће turbmes: i 

000 F 


EIND, 





For Hho pups : 








Sat. line 
1 Ibfhua? 


5 
ASSUMPTIONS’. Same as Problem 8.65 , except V, N= 14,2 0.88 aud 
Wp, Ир. = 0.80. 


ANALY Sts: From Problem 8.65, И, = 1541.7] әм, 5, = losis Ballo-°R, Һз = 


2 
1475.3 6w/le ‚5, 21.7799 Gall’ 7€, hy = 69.14 Shall, hg = 236.16 OI, И, = 
3eg. 59 Blusib, aud h, = ha 3 315.2. нл. 


3iedez: Using the turbine efticiency , Y, = Chiba) Ch - has). Thus, uta, 
has from Problem 8.65 
hh, т ИА, Ch -hes) = (329.5 бім / |b 


State + Pye чо Чай, sys = Sa D> hus = 1253,4 ӘК ( Problem 8.65). Then, 
with Vta = 0.88 


hy = hg-Nta(hg-hyg) = 1280.5 Виль 
Furr, inter роја Ад tu Table A-4E j Sq = 1.8092. Вн. 


Siate 5: р. = ibtlin?, 55; 25, => Xss = 0.4085, he, = 10104 ӘЛ. Then, 
with Ng, а 0.88 


hs = hy- Weshu- hss) = 1043.2 Blu/ib 
Slaten: Using the pump efficiency „Ур, = Chis-he)/Cha-hed. Thus, wit 
has from Problem bus 
ha = Wet Chas- hel / Np, = 61.84 Gite 
State а. Similarly, with has from Problem 8:057 
hq = hgt (lhqg=hsl/Np, = 242.35 Sesh 
The mass How vate rakos М! ond ч“ оле, vespectwely 
_ We-h4 _ 306%.38-242.35 


\ 
4 harhau 1324.5 = $]1UG. 7. ped O ISA 
and 
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PROBLEM 9.66 CContd.) 


— J'Cha- lus) + (в-а) 
4 Chy-h-) 
_ )1322ء(‎ (64.84 - 310.2) +) 236.16 – 69.89) 
` = 0039 
(12 80.5 — 64.81) 
For the turbine stages 
Welw, = hiha) + (1749 Chg-hy) + O7 3-9 ) Chy- hs) 
C1S 41.1 (524.5) € (,96 18 )(1915.3 -12 86.5) + (70654 (1280.5 - 1043.2) 
508.5 6ulb 
And, forthe pumps 


We/va, = (hq- ha) + C -4'-4"79Cha4- he) 
= (242 8S- 236.16) + (. 16034 9 (63.$4 - 63.14 ) = 30 Bulb 
The total heat added per unit mass entering He first turbine stage 15 
ај (h - hoe) + 1-4 Clu - ha) 
= (IS41/1—368,38) + (. 8018 )(1415.3 - (329,5) 
= [305,8 вки 
Thus, the thermal есем Ls 


„ МА, -Wplh, _ S@6.5-G.30 _ А 
^ Qin ly (305.2 = O43 | (43.1%) 1 


E —- 
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PROBLEM 8.67 


kwown: Water is the Working fluid in a vapor power eucle with 
Vehest aud three regenevative feedwater heaters. Data ave 
qen at various locations and the net power output ie known, 
FUND: Sketch the layout ot the cycle aud determine the thevmal 
efficiency aud mass flow rate wie the fist turbine stage. 
SCHEMATIC * GWEN DATA: 


— 


тыйы UNDIS 32. MPa. , booc. 


о 
W 
Ка 








о ло bar 


ASSUMPTIONS: Same as ім Exaweple 8.6, 
assump hons 1-5 5 (6) tha — 

feedwater leaving each closed heater is _ 
at ha saturation temperature correspond 
to tha extraction pressure. Also, ng cW, = hy = Ny, = 0.85. 5 


ANALYSIS: First, fix each of He principal states. 
Stake L> р,= 520 bar , T=b00% > h,= 3424.0 1/0, $,* 61858 VTlkg- 


State 2: p,290 bar , s,s, hog 3022.3 3ا‎ / ka 
Usina the tuvbiine effccte ne 
и. = h,-Ch io hes) hi, = 3082.4 lS Iba and 5, 26.2181 kT (leg. К. 


8-113 


PROBLEM 8-64 (Contd. - Page 2) 


State 3. р. = ёо фам, T, = 560° # һу» 3545.3 kT 5,53 = 6.2072 bol ey < 


Stoke ц. Py +10 bar, Sy2Sz 3» huya 2434.0 ЄСТЇ 


hy = Ку (А.-А), = 3025.1 [ka у Sy 27.0770 llle 


Stakes: Pe=1.5 bar, 55525, D Xss 20.9747, he. = 2637.3 l7 
hs = hy - ( ka- hssl hL,7 2685.6 7/64 552 7.2284 7 [las - e 
State 6! 


P, = 0.06 bar, SC, So $ Xos = 0.05849 , hos = 2220.5 kT |14 
hy ths 7 Chs-hes) nyy 222464 гы 

State ^: Р, =0.06 Фаг, Sot. ligurd a> ho = 151.53 kT (leg 

State 8. ha Z ha t U CPg -F&) 





3 lo мум IK 
151.53 — + (1.0064 xco ) kg (1.5 ¬ 0.06) bar thar 411102 N-m 








=1St534+ 0.14% = 151.671 kT [kg 
State 4 ` Ра = 1. 5 bar , Sat. liquid => ha = 467, (1 kT | kg 
Sleje O: hi х ha "Ua CR, -P4) = 46711 + (1.0528 xto7?)(320 - 1.5) [rez | 
= ЧЫ + 33.53 = 500.04 kTlkg 
State м; 5,7220 bar " Tht = sat @ 10 baw 2 Boece => Extro.polating 
using deta from Table А-5 gwes hy, = 781.7 kT IVs 
State 12: pias lobar , sat. liguid => P,a = 762.81 kT fla 
State 13. Throttling process => his = uu 2162-81 ЄТЇЇ 
State ty: Pu 7320 bar , Тч © Tso e 80b ^ 295 °c => Extrapolating 


using data. from Table А-Б gives hiy % 1303.8 kT/leg 
Siete 15: pg = Во bar , Sof. liquid => h,g * 1316.6 (ТГ 


Siete le> Throttling process => hi, = his = 1516.6 Т/І 


Applying mass aud energy balances to the amirol volume euwclosive pre 
Bobar closed heater, the fraction of the flow 4! extracted at location 2 is 


О = J(h.- his) + (1)¢ hu- ms) 


or 1. Mig Wu _ 1303.8 - 181.71 


Similarly А for На 10 bar closed heater 
© = y" hy *9! hi rh, = —8 Cy'+y") his. 
or Ua (b= ho) + y! Ch- hie) 
(hy - hia) 
_ (пыл - 500.64) + C 2450 (162-8 1~ 1315.0) 


= 0.05149 
( 3025.7 - 462.81) 
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PROBLEM 8.67 (Cont'd - Page 3) 
And, for the open heater 
O= y" he + Cy'+4') hs + Cl-y-y"-y"') hg — hq 
org, Chg = he) t (ih) Cha ha) 
4 (hs -he) 
_ ot = 151.61) + C3475) (151-67-162,81) 
C 2045.0- 1S5l.61) 


For the contro! volume enclosing tHe durbine Stages 
we z(h,- ha) rG-q'Y Chg-hy) + (i- y - qu) бу-у) + (I- yey" y)Chs-he) 


-(8424.6- 3082.6) + (1044 3545.3 - 3025-7) 
(6525) (3025.1 - 2645.6) + (6120) (2695.6 - 2246.1 ) 
= 167.4 kT [ka 
And, fer the pumps 
We = (hes ha) + Cod 7477) Cheha) 


\ 


= 0.040085 


= (500.64 - чета) + 6120 ) (151.67 151.53) = 33.62 kT] kg 


The total rate of heat transfer for He botler/supev heater and rekeater., 
perumt mass of steam entering the first turbine Stage, is 


«=. = (№,-№ ч) +(1-y') ( h3-h2) 
= (3424.6 — 1303.8) + (.7044 ) (3545,3 - 3082.6) 
= 2446.7 к/і 
Thus, tha thermal efficiency is 
_ Welm, = Welw, HL. ~ 33.02 
he oe „изни 
бм / ^, 2446.7 
The net power developed by He ugele US 
W cete = M, ма, = Wp/va, | 
Or, with Wele = 500 MW, the thus vote. M, ic 
` W cie | 
Mm, = a — 
(Мак, = Wels, | 
(соо Mw) 


=» a i or th а а аа а ы —— —— 5 


(иёл.ч- 33.62) 3/4 


= 0.4603) 46.3%) q ^ 


| муу 


3 
To] eis : 1.588 xlo? kg/h M 





3600 s| 
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PROBLEM 8.63 


KNOWN! Wodev is the working flud in a Vapor power Jele with 
reheat and vee oe feedwater heaters, Data are 
given at vavious loca Lons aud the net power output is known 


FIND: Sketch the layout of He cycle and deter — Ha thermal 
eff | mass Hoc de into Ma (wet + йе Stage , 


(сем Ие 
and +e heot Cate, 
bt iC УМЕЛ) DATA: 
eee А) — = =» — ———— Ct- Н ny A 7e =L000 oF 








L3 - Ww. 

| 

| (1-У'- y у") 
7 


1000°F 


ASSUMPTIOVS~ Same as in Еком\е 

&6 assumptions 1-5, 

except Vig, > Neu Wes = Nay 7 hy g ‘88. 

Also, the feedwater leaving each 

— heater is at tHe Sattwetion 
mperatuve. Corvespowdax to tha 

e xtractim pressure 1 


ANALYSIS ` Fivst, fix each of the principal States. 
state |; р ='800 Њи? , T, «009. + И, = 1542.5 Bk/lb, 5, = 1.6159 Bhu/lb°e 


Stofe2: Fwst,f,-6eo УРМА , 6.525, > has = 1385.3 Bluslo. With 
the turbine e£fccieneg 


h= h- Ne, Ca, - has) = 1404.2 Bhatt 
Aud, interpolating l^ Table A-4; s, = 1.6315 Btu/lb- R 
F-11b | 


PROCLEM 8.69 (Condd.) 


Sjefe 2: Similarly, Nas = 1254.0 Bha/lb , aud hg * hae Cha hss) 
= 1272-0 6tu/lb- From Table A-4; 5, 2 1.6507 Biusib- °R 

Siste Ч: Similarly, hus = 1220.7 Әһл and hy = h, - Nts Cos - has) 

= 1232.1 Btullb,. From Table А-4; Sq = [.6564 Bh/lb -°R 


State 5: Psy =loo (БИА ‚Т; =1000°F 4> hg = 1532.1 ВАЛЬ, Sg = 1.3204 Are 
Stoke о: P, 720 1104 ‚506555 «> hes =1315.5 Balle, With Ha 


durbiue efficrency 3 hoz hs- Ney С hs-hes) 21841.5 B/lb. From 
Table А-Ч j So 214*55 Bulb. 


Slade t: Similarly , Xas =.9824 , ho, = 1087.5 , ard hy = he -ni Che- has) 
7118.0 BHi/lb 


State 8: Pg = 1 bela? ر‎ 504. | guit => he = 6%.7у 6ka/lb 
Stated. hq x hg + Ug Сра- Ре) 
_ 144 
Балу BH + (ore | ч 
= 69.80 ВКХ / tb 
State о: р„=то (БФ , sat. lique => Һ,. = 196.26 Bh/th 


State it: Р, = 1800 Wellin? , S, 7 So = 0.3358 Bhu/ lp-*ie. Double vaterpolochen 
is Table А-5 qwes hn” 203.28 Bulib. 


l Gk. Ibs 
sae Fig (20-1 ) iut 











jede (2: р, +1600 IbElin® , Ta = Tsat @ Yoo 412 7 363.0 * ^. > Double 
Interpolation in Table A-5 qwes hu? 3233,]0 Вк /Vo 


State 13: Рз * 1800 10410: , Tig © Tsat е boo Mela = 186.3 °F ар Double 
iubevoolation tu Table А-5 gwes h, 2472.22 Blast 
Sle 14: Py = boo Wela , sat. liquid 97 lig = 471.7 Bes tb 
State 15: Тона process 3 his? hig = HT. 7 Blu / ib 
State 16: Py = 160 e£ saf. liguid => hie = 336.2 Bh/ |b 
State tt: Throttling process => hi = hic = 336.2 BH/ tb 
Applying mess ond enevgy rate balances to the conto! volume enclosing 
Ње. boo btl closed heuter, the fraction of He How 4! extracted at 
location 2 is 
О = ч'( ia lig \ + ( hiz- Wis) 
u Mig Wa „ 412.22 - 334,10 
d ha -hiy 1404.2 - 7.7 


Ow = 060.1428 


Similarly, for the 160 btlan? heater 
О = y“ hg tow his ~ (yi +y“) hig + Ch, - hia) 
y" = (ha bu) + qt hu - s) 
(neg Wu) 
„ (331.10 ~ 203.28) + (1428) (336.2 - Чи. ч) 


(1212-0 - 336.2) 
S-111 


ос 


= 0.1245 


PROBLEM 8.62 ( Contd.) 


Also, for ha open feedwater heater 

О = d he +(y'ey") hi4 RU SU we urs ) ha Eddie 
or wu Mie ha) (9 49) thg- hus) 

À he = bq) 


(1341.5 ¬ 63.90) 
For the control volume enclosing Me Foie Stages 


= 0.0934 


wt = (h.- hi4) t (l=!) Chaha) + ( 1-4-ҹ̧" м 4-«) + (he -ho | + (ey 4“) Cheha) 
= (1542.5 ~1404.2) + (8572) (1404.2 -1 2742.0) + (.7327) | (1272.0 - 1232.4) 
t (1532.1 — 1341.5 )] + (.6893)(1341.5 - 1118.0) = 574.6 әль 
And, for the pumps 
We = (1-м, 7) +0-y'-y"-y") Chq-he) 
=(203.28 - 190.26) + (.6893)069.80- 69.1%) = 7.06 6b 


The tolal vote. of heat tvauster for the baler /s upe r heater and) veleater, 
per umt mass of Steam enteving tra rst лие shage گا و‎ 


dè = (h. ha) + 8-9%) Chg he) 


= (1542.5 - 412.22) + (13270 1532.1 - 1232.1) = 1240.1 Bulb 
Thus, +he Jer mal efficiency tS 


Җ = We lv, T Welw, 514.6 -7.06 
Сти [м ү 1240.1 


The net power developed by We cycle iS 
W eyele = M, | Wal ws, = Welw, | 
or, with Мое = 3x0! ekik , the flow rate w^, 15 


= O, quo (44.0 °) 


n 


سه 


— № cade. 3Xxi0! Giu 


= Б ` 
z z —— = 5.280 x0 lb m 
[wy (м, - Wel v4] [574-6 - 706 ) Bu ү — 


The heat cate — the heat added to tha cycle to produce 





©. о | wet wuri out nut — to given here Dy 
„ © | 
heat rate. = win _ (s.2844 52 )(12.90.1 Brule) | 3413 Bh/h 
Wey ele SY io BH/h | KW 
oat rate 
= Se Br 
17 — — 
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PROBLEM 8.01. 


KNOWN: Steam and ammonia ove the working flutes ina binary 
Vapor power cycle consisting of Two ideal Rankine cycles. 
The heat rejected from the ien cycle is provided 1o ‘the 
ammonia cycle, Data are known at various locations. 


FIND : Determine (a) the power output of the steam and ammonia 
turbines, respectwely cb) the rate of heat addition fo the cycle, 
and (c) the Herma efficieucy | 


Р, = bO bar T= Soc 


= 64076 =| Wsp Sot. Р ог ы = ^j Wat 
СЕ 
-b 





2° 3 Sat. lig. a Р. = lobar 

W T, *60 9c. Wap Saf. liq. 
ASSUMPTIONS: (1) Fach component is analyzed as a control volume af Steady 
State (2) All processes of the working fluids are internally reversible , e xcept 
ги the interconnecting heat txchanger.(3) There are no stray heat trans fers 
from the turbines or the heat exdaawsec.CH) Kinetic and potential energy 
effects can be neglected. 


ANALYSIS: First , fix each of principal States. for steam, use Tables А-2 avt A-4. 


State 1: р, = ёо рот, Т, = 640% > h, = 3752.6 kTlkg ‚5, = 7.2151 1:514 
State h: Т Ту = bo*c, 5.25, > Х.с 0.01061 , hi 239476 k 7 و‎ 
State 3: Ту 360° ,sat.liguid => hg= 253 kJlle ر‎ U, = 1.0112 xio ? m/l 
Stated. hy x h, + V&CP4- P4) ; Py = 0.1444 bar 
hy 2 251.13 + (1 .oI12 x vo^? m? )(eo - 0.1444) bar 
= 251.13 + 6,083 = 257.21 k7/kg 
Now, for Ammonia, Use Tables A-13 and А-1Ч. 
State a: Ta = 50°С , Sat. vapor => ha = I4 11.26 kJ/kg ر‎ Sa = 4.1604 kT [leg -K 
State b: P, = Р. =10 bar , S= Sa => Хх 20.9312 ر‎ ht = 1383.0 ЕТ! 
Statec: р. = lobar sat. Liquid => We = 297.76 Verlks Vz = L6S84073 m? ky 
State d.: hy А. + V. (Рд- Pe) ) PA - Рр. > 20.331 bar | 
hy = 297.76 + (1.6584x(075)(20.331- lo) (100) = 299.47 71 le 








109 Nim? 
i bar 


і kJ 
io? Nem 











(a) To determine the power out put ef each turbine , we must fiud the mass 
flow rates Ws aud mg for He Steam and ammonia сч cles , respectively. 
Beginning with mass and energy rate balances for the inter-connecting 
heat exchanger 
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PROGLEM 8.69 (Cont'd) 


= Ms (h,-hs) + Ma Cha- ha) 
or y - 1.6 - 25]. 
Ma „ ha-h3 | 23316 -251.13 — 
Үй $ he-hgq 1471.26 - 211.4] 


For the Sfeam Е сіе. 

Weycle, з D - Wsp 5 as Chi hz -Ch4-h4)] 
And , for the ammonia cycle 

Wey ele, a = Wat 7 Wap = Ma [Choc hor -Cha- he) ] 
Noting that Wel = Weycle, 5 + Weyele, a and combining 


Weyde = Yas EC hs) -Chuh йе I Che be) -Chah elf 
Solving 








` W cle 
УҮ\ = - 
i NUT - Ch 4-h3)] (LAY CC Lo -Ga- hcl 
| (2омм) lo? kT[s 
` [013557 -C6.08)] + (1.83236 88.26) -( 1.711) [ k3(kg | | Mw 
= 13,21 kg [5 
Aud Wg, 1.832 му = 24.31 kgls 
Finally | 
Wop * M,C ho-hi) = 17-98 Nv st 


Wat © mathe lu) = 215 MWe Wag 
(b) The rote of heat addition is 
Qin? Mg Cho- hy) 


= (13.23 K9\(3752.6 - 257.2) 7 ыцы 


10? [s 








46.38 MWg i 


cc) the thermal efficiency is 





M= W cycle 20 = 0.431 (43.1%) n 


Qiu 46.38 paa 


PROBLEM 8.70 


Сю OWN: Operahng dede. are provided for o. binary V op or cycle 
Consisting of tn [Rankine cycles With Slam and A eno. as the work g 
£-(ocds. 


Et p: Ce) for ha oor Cycle, detevuwna the 4 valita at the exit of each 
turbine , the mass ftow rate of each workings Ріо ) and thea overall 
therm ot «Жесем. Ce) Compare ths per formanta to a псн 21е Ranterne 


9 
Cycle USING water as tt working Flucd, condensing ar FS°F 
SCHEMATIC AGIVEN DATA: 


Cin 


{ 900 lef / ĩ 





1100 OF ASSUMPTIONS: 
l- Control volumes enclosing tha. 
УТУУ co onents are at 
Ne? 90% Min state. — 
Np = 100% 2. The turbines and pumps operate 
Sat. liq. adiabatically .Tnere ave Ko 
40 „ 


Sway heat wans fers, and Kinet 


8 т эп rine = energy effects Can ha 
оиа te ere 
ANALYSIS] Begin lo» фу ng T^. 
Sat liq | numbered states on tha schematic. 
?5*F | е Fran Табе А-ЧЕ, hj: ISOS. 4 Blu//o, 
> Qu Мае: Ko Bh — n a MM MS 
Эуе ya 7036 otr 





1.8892- 0.13 $3 Е 81 


2y Was = 10146 + 0.94 Ciol¥) = за. Thon, with Nee М he 


Wi-hrs ) 
he МСИ hag) 3 1565-4 — 6.4 (isGSN — [010.%2)= (065.92 Bhy/b. And 





x Wht = 065.41. — 1.9. 0.44S À 
ng- ^f 10: 
Ње pomp Pl) Eq. 876 gives, Wel. v ap = (6.01024 E y 200 72-812) lef | TAL | Bw 
рер ) 4 х 2 — зор = (0. ЕС Tel тд БУЛАР 
| = 4+ 8%%//ь 


Sy hysh VP 2 107.9642-F = 1066 Bilo . 
ws 


Consider ing the AmMmonsa cycle, Teble А ~ I3E gives he = 632.45 Biw/ lh, S,2 . Nor Bh] op | 
wide Ses SE and dete fr Tea А -I3E ax 7S °F 


Xec = INFOS — 01636 = 0.432 2) Wes 126.02 0.932( $03./8) = 594.9% Bll . And 
|. 2049 - 0.1636 


№ (= Ме Мұ (hs - hes) = 632.45 0.4) 632.45 - $4.49) = $23.15 Bh Ib 
2 k2 48.78 126.01 _ 6.44 


- 


ifl ———— — É— 
$05.19 


NS 03285 
Fev gue p Pi, эре т) 2 рг (6. юъоъ)(2264 - 1405) 778| = 0.7 Be 


S) hg = hg + VERO. zoora 07775 126-74 6ا‎ 


Ww o. 


{12,1 


РРовиох м S. то (Contd.) 


Next, an energy лож, balance on +h inter cona echas heat exchanger 
Gives, 


Ms _ hy- hs 
"PNE и-и; lOGN.4L— 107.96 
Then, 





C3245 CF _ © 528 


Wet = ms L hnis- wet 7 + wal ^ £-^e- =) 


(тке? r) = 0.528 hal ise - 1066.42 = 1.7] + haf 32-15 - 595.78-0.727 
2» wa: 236,686 غل‎ , кл; 12У, то 1A 


o 


Tuo ما ماله‎ afii enay ص‎ 


^ _ Wnet Е 2x2! Bh. 


S = 0385 (385%) 4— 
me (n-hy) (la mroibY(iscs – uo o6) BR 


(n) For a angle Steam cycle Condenting at 7S9F, the exit condyhon 
tor kia Steam turbine Uv fixe d Using Sz; = 5, . 
. V7036- 0.05402 
ns — — — 


The n ر‎ л data Fron Teh A -LG 
2.68915 -0.08440 


0. $21 29 И,;= 43.09 4 0. SL (Iosi.1$) = 40324 SH fb 


> hy z= hı паски) = ISCS. e 6.4 (17674 — 909-24) = 997. $6 8^//5 
(D? xz: 82430-5391 . 6.986 
(ost. 


yp ———. 

Tha ponp werk per uait 4 Steam flow: ^$ » 
We - | HY) 2.67 8 

— Sa p= 0.01606 (400 - 0.43) | 399 ¢7 BAY 


> мут из + d = 43.044 = 4-у + Bhlo 
v^ 


The mass Kow nti of the steam w 


(2 : NJwe t 


Tx (7 ВН/А 
Ws 


= ———M——— — —ү——Є—— 
(м-н) - Peles LOSES t- qu. у - 2-07] NI 


о n 


The +h nwt “ cian о; 2 


+ 
Wnet У lo 

= —— = m = 0397 30.79 mm 

@ | Y “(и-и 119, 03¥ ( 167.4 -45:76 ) ( fo) 

Since +s quality at the exit of o. Steam tur bine Ьо Lae at 

Reser 40%) tha pet Torr c محال‎ f ws e. Rankine Cycle b Ross 

sahs facty y enn tia Oo mary مل په‎ Ww tha s Asspect . 

Tha mass Flow Ae. of +hs Steam w ths Naw Ranterne себу. 

v «et S/o Ross thn c Av lower сч de. 

Since ба avevage te urpayatures of howd addsihm and lar” 

Aare chou baa Tr 


pane w tre hey сей» thre ER nag АН os es 
охе tha same, when noundott Is token wto account. 
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PROBLEM 8+! 


KNOWN: Water is the working fluid ma Vapor power с cle with reheat 
and regeneration” Data are. Vu apii pr MR locatiéns and 
the net Power is given. 

FIND: Determine (a) the mass flow rate through the steam generator, 
(b) the Thermal efficiency, and cc) the rate of heat transfer 
to Cool Wg water passing through the Condenser. 


Qin | 
o Steam dy, | | 
generator" | | . 
J : Turbine 2]——34 N W 


Fiash 
chamber ` 













Saturated 
vapor 


| 3 ra 
Heat . 
| exchanger 


Saturated 
liquid 8 


Condenser 





Saturated 


12 10 иаша 





TTD, 






Open 
feedwater 
heater 


Wee WET 
ASSUMPTIONS: (1) Each component ts analyzed as a control volume at steady 
Stale.Cv) There ave no stray heat transfers. (3) The working fluid Undergoes 
internally reversible processes in passing trough the pumps , steam 


enevator, flash chamber, avid condenser. СА) the expansion through the 
1 isa roti process. (5) Kinetic and gotentral energy dos are 
Ү\ | 


ед \qible. 
KNANSIS: First, fix each of the principal states. 
State 1: р = tooo 10%, T,= 00°F => h, = 1388.5 elu/Mo, s = 1.5665 Bhu/ lee 
Statez: р, =10о ЫН, Sag =3, > X,,7 043613, hos 21/58. Bk/lb 
Theu, with Ng, = Cu - ha) hus 
ha h,- Vit Ch, - has) = 486.3 Glu/lb 
State 3: р =(оо btl, sat. vvpor > һе 181.8 Btu/ib 
State 4: р, = loo (ИЗ, T, 2530* P. > h, 1214.2 нл, Sy =1-7234 6hu/lb-°R 


State 5: First, р, =1 ІЫл, 5,95, Ф X,,2.8620 , hg, = 962.77 ви 
Then, with Q4, 20.885 hs = hy- И, Chy-hss) = 1002.5 Blus lb 


Stake 6: р *(bFlhia?, Sat.vopor => h, «63.14 814/1 
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PROBLEM 8:7! (Cont'd -paje 2) 


State 1: h, hg + V CP,- Pc) ; —— 
= ft 144 iw mI 
= (92.1 y ED t C-016/4 15) (799 71) yi NT 178 £ | 
= 64.14 +.2%6 = 70.04 Btuslb 

State8: p, -/ooolkthu*, sat. liguid => hg = 542.4 6tuslb 

Statea: throttling process => he shg = 542.4 617b 

Зебо; р = 100 Ihu, sat. liguid Ф h, > 298.6 Bulb 

State u: Must be determined ги the analysis. 


The mass flow rate ratios y’ aud y" ave determined from energy and 
-mass vade balauces оп the Clash cla tuber oud heat exchanger, respect vela. 


0-9') ha =g" hs + (I- 9'-9") Nie | сж) 
g'Ch,- hg) ty" (h5-h4) =o (X ж) 





From (X) 
m a عط‎ yi [FESON N y a اھ دو‎ 
д hy-hs3 129¢,2~ 1187.8 


Solving (ж) and incorporating Hus result gives 
/ = Ch = hio) = 0.1115 
Ф ` (7.452 h,- 8.952 hı. * hj) ^ ^ 
amd Ч "= 14524! = 0.8866 
(a) For +he turbine stages 





We, solu dg-* — 
Сүй, = (1 g )(h, ha) 
“Be = y" Ch hs) 


and for tue pumps 
We, [ va, = 9" Cha he) 
Wea (уй, = (h-hu) 


To £d h, , Use an energy baleuce for fhe Open feedwater heater 
( -g'- 4I "Y hq +y" = hy = 123.4 ви /(b. 

From Table A-2E , Т, © 155° and U, = 0.01637 НЬ. thus for State 12 

hia > hat Vn CPi- Р, у = 123.1 +2.73 2125.83 Bu/ib 
Fia aly | ida | 
Mi ачок + у" lly- у d Су-е Cha ha) 
J 535x107 Btu/h 

[179.6 + 258.6 - 0.03 - 2:13] 6ļu/ lb 


= 1.19ёхо7 Ib/ha 
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PROBLEM 8.71 (Cont'd - page 3) 


(b) The thermal efficiency [5 


q 
T Weyele _ _Weyele _ сз мо) 


Qu m, Ch, - h,4) 1J¥8X107 (388.5 - 125.83) 


= 0.345 (34.5%) n 


ы ышы»‏ و 


(с) The vede ef heat trausfer Jo cooling water passag through the 
Condenser” is 


Gu Р m, Y"(he-he) 


«(1148 xıo" WU, )(o.6866)(1002.5 — 62-14) Ble/lb 
= 9,994 х:0 Blush 


COMMENT. : As a check on the calculations, note that 


Qout 





O u e Qu. Weycle = 4.495 хо? Bhu/k 


which is the same as the yesult determined ги part (с), except for 
round- off errors . 
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PROBLEM 872 


Known: Water is the working Fluid in a cogeneration cycle that 
generates electrvecty and provides heat'ng for- buildings . Data are Provided 
at severel locations. The fachan ef the fotos flow extwacted cd also Known, 
Delepnune: Ca) the heat фам ае rate to the working Ё (о Passing through 
{a steam generator, (o) 4ha ~t power developed, (C) the Nate of heat 
trans far Cv building hea hs | CC) the aaka of heat wans f~ to Cooling water 


CHEMATIC @ GIVEN DATA: F рз 2 MR. 
Qin T, = 320% 
po 


— ==” 
атар — 
— 


"c 


alk, = 0.80 







P2? 6.15 MÊL 


02.0.14! 
| wy 
i 
| 
| 
| 
t 


wes 
ASSUMPTIONS" 0) Rach control volume shown operates at steady siete.) 
The turbine stages operate adinbatically "wit Ny, » Yu =0.8 aud tha 
pump operates Iseutvoprcally .(3) The working Fluid — о. момия 


0Се55 in passing Throuah Ho QV) Kinetic auct potential ener 
effects cau be neglected.c5) "буде iru leaves EM сон aS — 
liquid ak 0.06 bors. 


ANALYSIS: First, fix each of He principal states. 
Stofe(: p220bor  T,=320% = | = 3062.5 blk , 5,2 6.8452. kT/ky-K 


State 2: First, Р, = 1.5 bar ر‎ 52525, а> has = 2548.2, Using the turbine 
efficiency , 


hohe 
We? Toe, > И, = ho- na Chiles) = 2652.5 ЕТ/|® 
And, wit data from Table 4-35 5, = 7.1163 kT Lea · K 
Siete 3: Р, = 0,06 baw | S, 2$, => has = 2141.8. Thus, has ha- Ya hha) 
722855 WwY/ka. And, from Tolle A-3 , $4 = 1.4134 Es [ea e. oo s 
Stared. р = 6.06 bar, Sat. liquid. 3> hq = 151.53 lat lke 
Hade 5: hs > hyt Vy СРЕ Py) Тылы ү 


3 
-3 - * 
151.53 к> + (1.006% X10 7 (20 0-04) bar | { bar юм 





— 
= 


= 1535.5 e Ike 
Stole: Р 1 ае) T, - сос , hex мисст.) = 251.13 eJ] ks 





Stet 7: Throttling peuss => h- = М> 2S1. {2 ко /kg 
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PROBLEM 8.42C Contd) 


Со. ) For c. Con trol Volume Enclosing the tubes о pho worlein4 
fiocd through +n. steaw generator 


А E E | © 
Qu, = vr, Uh rs у= (0.629) | 360+ \{3о04.5 - 13.9] 82 = 8.61 ХО к 
су “The net power developed а obtucned аә follo ufs: 
Turbines: We = mı Сие he) + Сич - ma) ha- из) 
Pome : We = mil hs-hy } 
vay (hi) + а-а) (М-ну) = wv Chy- hy) 
= wy Chi hy) anu y د‎ ss) = walhi) 


` ہما ے‎ 
= wilh, —hz —hs+ hv) — milu 3) 


д кд 
- Co. $2 x 3соо) K9 | 3009.5 — 2293.9 ~ 153-5 + (si s) "ES 
hn 


e KJ 
- o.Ni(0. 81 Y 3600) | 2652.5 - 1283.4) = 2.16 ж/о T سج‎ 


cc) QLoab- ma Cha = lg] = o *i((o.2x3600) [| 2252.5 - 21.1 7 


0 
k 


c4) For а Conwol Volume enclosing T^ Lo ov Кал وہ‎ 4-4 ord + е. 
a tmdenser 


Quas (mi rm) hom وا‎ — hy 


и-и + m C» -%з) 


(Co.¢2)x3e00)[ 2283. q- isis] 4 (co. iv lo. ¥ayseoe) J L гт. |- 2283.4] 


0 


2 C кэ 
= 5.45 о? £2 
" h 





і. An overall energy га te balance feads: 


» ke tene и5 addid 
T AA Hans fer АА 3.61 ¥ сов kafi 
Ras Steam generator 


. De (козг m : : . 
~ net power devel op-td 2:16 ¥ (o I (26.1%) 

о 
~ energy о Campus [.оо xo? єз{ h (u.c e) 


eo. 4045 | us zn ie 2/4 (63.3%) 


- energy Tv cooling 
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PROBLEM 8.73 


known: Water is the workwg fluid пл a cogqenevation cycle producing 
Power and provid ма steam for o) process пеам load. 
"Date. оля. known at various locations | 

EIND: ‘Determine a) the heating load, (5) the power developed by 
Ма turbine, aud Cc) the vate of heat transfer Jo Ha working 
ud passing Hrrough te steam generator. 


VEN ч 





; 
| We, 
ASSUMPTIONS: C1) Each control volume shown is ct steady state, Q) The 
hwbùe stages and the Pumps operate adiabatically ‚ with n4, =a, = .86 
Aud Npp = 0.8. G) Kihehe aud Potential energy effects aye negligible. 
(4) The condenser operates at 0,08 сал, with the condensate leaving as 
saturated lig id. 
ANALYSIS: First, fix each of the principal states. 
State: р, = Sobar , T,.=480% => = 5348.4 1а, 5,= 6.6586 ek 
State 2: First, p, = lobar , S2525, A> has 2 281.5 Ilka . Using the 
одие. рети 
Vue = oe. => h= hinta Chy- bes) = A886/ ы 
hiso, from Table А-Ҷ у 5, = 6.8133 Ilka. K 
State 3: Swwilarly ; Pz = 0.08 bow , Sas =5, +> has = 2131.5 kT (ks. 
Thus мз” han Mee Css) = 2237.2 WT Ia 


state 4. Py =0.08 bar , sot. hy = 113.88 КЇ 


Shake 5: oe hyr V CPs РУ , — 
= 113.88 VY ج‎ (1.0084 xo?) = (3.5- ivo? Niw WAJ 
єз ' Neg 15-08) \ рам i| 10° N-m 











3 


= 03.99 + 0.95 = 119.85 елы | 
Using he puwp effrciency ‚ lig = hy + См ъч, = 175.07 KII kg 


$-12.8 


| 


PROBLEM 8.73( Contd.) 


State bo.. fo = 4.5 bow , Ty = 120*c => estimate hy мли 
hy * Ws CT) + Ug CT) {Р - Psaz( Te) | 
Wilk data Wm Table A-2 
ha & 50311 + (1.0603 xco?) (4.5- 1.485) ре | = 504.5 kYlkg 


State: Te fix state 1, consider the mix ing oF Streams Saud bo 
to form stream 7. From Yo given ta, v^ 0۶ا‎ kgl k= ma 
aud wm. =m, = 4x0§ gl. Ts. From He mass balance 

Me = 2 Mq “Mg = 6 x105 kg/h 
thus ‚ O40 ^3 an energy balance 


О = Ws hs + уйе Mu mh 


or Y v 
№ = Msbst Mihe 366.84 ууш 
хуа 
State 8: lg. Му + Va CPg-P4). TF М4 = 15° , v4 2(L.0254 6%) 


thus Ng, > 306.84 4.0259 x07)(80-9.5) [s | = 34| Elke 
Wit Ae фр efficiency j he? har (hesh, < = 345. 88 4 
(a) the heating load w 


Qad = Matha) = (4x05 x: кз Y(2886.1- 504.5) E 
= 4.524x(o Ê Sng at 
(b) For the control volume enclosing the fuvbine 
Wy = mn, -MM2 — ma Из 
( xto*) (3348.4) -(4x105) (2886.7) - (6x05 ) (2237.2) 
8.54 xO” KW, = 236560 LW 


n 


a W 
С) For ha Working Muid gassing Wwough the steam generator 
Qu, = Ww, Chi-he) 
= (1 као) (3348.4 - 305.89} = 3.032 xo" V3/h ш Qin 
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PROBLEM .& 7 


KNOWN: Water is the working fluid tua Cogeneration system providin 
power and procecssfeam, Data are known at various |ocations. 

EIND: Determine (к) the rate at which seam is extracted, (bJ the net 
power developed by the cycle . Ce) the rate of heat transfer fo 

he, working fluid passing through the steam generator, and 
Ct С | ; | 





Depto mE p E 600 tbf/in.2 Ee du بج‎ A A t 
=700 (Ф | A 





ASSUMPTIONS: (1) Each control Q. 
volume shown is at steady state. ' 
(2) Each turbine stage, pump, ant 


рә = 30 Ibf/in.? 


| ы : 
the open feedwater heater operate اا‎ a 
adia batically. Сз) For the turbine, L în „a = 20,000 Ib/h 
V4, = Nez 0.88 and the pumps 
operate. isentropica UT А (+) Ки etic Y Throttling | 
and potential energy effects are — Process) dongerwer 
negl ig ible. ке 1 Ibf/in.2 
7 
ANAL SIS: First, fix each of the {© "x a Condensate 
principal Stites. Ё loss E 
: EN i a Des izo аи 
State L: р = боо lbflič, T, =700°Е А), орет 0—4 14.7 iin? А | 
. ww و‎ Ho eater » Lamm 
> ћ, = 1350.6 Bluslb sz 1.5972. Віа е We, SN poe — X 
liquid : SS 
Stade 2: Р, =30 Ibfliu®, S2 25, 5 14.7 Ыла? t Wp PWP 
X,, 3 OUSG and h,, = 1084.5 Otu/lb Make-up 


waiter 


Using the +urbine efficiency 
ho=h,- N4, Ch hus s 1116.4 ВАЛЬ 
Further, X = 0,4483 avd 5, = 1.6321 Olu/lb- e 


my 
60°F, 14.7 Ibf/in.? 


State 3. p tbe [142 ےک د ےیک‎ => X as = 0.81255 ر‎ Mss = 911.59 Bhullhb 
ha = ha- Mg, Ch,-h5.) = 926.12 вме 

State 4: Р =1 Иги", sat. liquid % hy = 6474 6fullb, U, 0.01614 tt? lb 

State 5: Р 14.7 еи? he * hy + Uy CPs Pu) 


_ 3 ibe pian |) 186 
h- = 69.14 + (.olety f )(1Чч.т- () int | | £&* 1718 £t- tbe 








= ($3.14 + 0.041 = 619.78 6lu/lb 
State: hx hy (т,) = 88.00 Bral th 


State 1: Throttling valve => h „=h, = 1116.4 BM / Ib 
State&: hg% helTa) = 28.08 Btu/Ib 
State 4: po= 14.7 (bFlin’, sat. гига => hg = 180.05 Btu/lb v5 = 0.01672 F371 
Део, р =p = boo lbeliu> 
hi. ® LU Va СРь- Ра) 
= 180,15 + (0.01012) ( boo- 14-7) AE 
= 180.15 + 1.81 2182.16 Bk/ |b 
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PROBLEM 814 Cont'd ) 


(a) To find the vate at which steam is extracted , Mex, consider Phe 
control volume enclosing the open feedwater heater. 


m Met Mio ad 


O = mM h- томови М Аа, ha 
Wa zm, = $0,000 
mM. = Meg” м oact = ™eyq ¬ 20,000 
My? С.5) м load = 10,000 
migs M,- мек D жш ~ Mex 


Mw 2 Gs) үм load = [0,600 





* 


extraction w rate Mw (.5)№ р 


(The make-up flow wast 
е ual the condensate Voss.) 


_ 50,000 hq + дороо h,- 10,000 hy - 5oooo И – 10,000 hg 
ext — 
( h Е hs ) 
_ С50роо)(180.15) +@0,000) (1116.4) -0,000)( 88 ) - (Sq000) (64.78) -@дооо) (28.08 
(1116.4 - 69.78 ) 
25,500 (ЫИ Mext 


у ын these relations, and solving for 











(bhì) For the turbine contre! volume 
Wy = Mh, — me, ha — (m, меур) h, 


(50,000 lk \(13 50.6 OHA) -Q S,s00)(1116.4 ) - Q4,500)(430.12) 


= /.613 ХО 1 ЛА 
For the Pumps 


We = Wp + Wp, = On, мде (ие hs) + w, (hio hg) 
x (24,5o0)(63.18 - 64.10) + (50,000)(182.26 - 180.15) 
= [41S xco? Btu/h 
The net power developed is | 
Way cle = Wy-Wp = 1.599 x10" B Масе 
Cc) The heat Input is 
Ain = ул, Ch,-h,o) =(6 0,000 )( 1350.6 - 192 46) 





= 5.84 xto? Bhlill Qin 
(д) The hoat fate — {he heat added to the сусе to produce a unit of 
net work out put — % given here у 
— Qin 5.9410? Bh |3138hA| _ г. Ve $^ BiH heat 
SECUN E Weycie ` 1. 599 ү (07 (244 / À | Kw kwh ^ te. 
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PROBLEM 6.75 


KNOWN: Water and Refrigerant 1342 ave the working fluids ty a binary 
cycle used for cogeneration of power aud process steam. 
Data ove known at various locations. 


EIND: Determine a) the rate of heat transfer to the steam passi 
Through the Steam generator do) the wet power меур: ot 
bynavy cycle, aud e) the vate of heat transfer +o the 
Ludus trial process. 


Qin 


ScHE С. (VERN * Steam 


generator 





а Н20 cycle To industrial 
process 


H40/RI34« 


heat exchanger 
ea 


м 
1 
Return fiow from Fi 
industrial process p2 
1 bar, 60°C 





ASSUMPTIONS: CI) Fach componeut 15 analy ved. eS б. Control voume at 
— state. 2) All turbines and s operate — ly. (3) The 


cal 
volume оло д, the inter-connect ing heat exc nger ic adiabatic. 
(4j Kinetic aud potential energy effects are negligtble.<5) Saturated 
liquid exits each condenser at the respectwe pressuve . 


ANMYSIS: First, fix each of the principal states. For te ЊО eyele : 
State (+! р = 40 bar, T, =440°%2 => h = 3307.1 kI/k3 уз, = 6308 LT lyk 
Slate 2: р =1.5 bav  s,2s, 3> h, 2 2510.8 kT (ky 
Slates: р =1 bar , Sat. liguid = hg = 41746 kTlleg 
State: Р, =1 bar, T, = 609c => Compressed lw ; 

ha hgleo) +, eo) ( p- ооло) 


= 25113 & + (оцта xo?) (11494) b ا ل‎ 
ze d Vea 1944 Voor Voor ilio? Nem! 





> 251.2 kT [ke 


State 4: For the mixing of Streams 3 and 6 to form Stream 4 
| О = m3 из + у ( у hy 
or, With m= 2.5 kas, Yng = 2.5 кә (s 
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PROBLEM 8.75 (Contd) 


ha = (652041746) +(.5)( 251.2) = 334.33 К/і 
Stee 5: Ty * 80°C, hg hy tY¥q( Ps- Py) 
= 334.33 +(1.0241 хо 7) (40-1) [i | 
= 328,34 5/4 
For Ha R-1344 cycle 5 
Stote a: Ра о bw , T= 100% => ho 2221.46 ЫЕ, Sa = 1.0461 [шк 
State b: pp24 жн ر‎ 5ъ= 52 75 hb = 31279 ЕТ 
Statec: р. = 4 бат, sot. lig uid => ha = 44.56 Ез] le, 
Stated: hq ~ he t ULCPa- Pe) = 44,36+(.851бхго”З)( 16-9) (8:, | = 100.16 ЕТ 
(a) From mass and mergy balances for the conto! volume enclosing 
Steam passing drug the Steam generator 
Qin Е m, Ch,- hs) 
= (5 МР ТИЧУ l = 338. зч) © ЕБЕ | 
- 178 44 Lw Qu 
(b For the Ho cede. 
Wino = Wi, - Wp, = (5 kols) [ (3307.1 - 2570.8) - (338.34 - 534.33) kT 
= 366| kW 


To determine the mess flow rate of R-1344 consider the inter-connecting 
heat ex changer 


О 2 м و‎ (Ghu- hà) + M р Cha - ha) 





or moo = Malhahs) — Q.S 115) (2510.8 - 417.46) 
R 7 
Ch, - ha) (327.46 4. 100/406 ) 
= 23.68 ka [s 
thus We = we [Oh = Cha- he) ] 


= (23.08 ) | (327.46 - 312.14) - (100.16 ~ 94.56) ] = 334.4 kW 
The toll power developed is 


Мада = Bool + 334.4 = 3245 kWa Weyde 
(c) For the dustrial process 
WM process С h~ he ) 
= Q.s keg/s)(2570.8-251.2) gH * 
- 5744 kW Q process 


— т 
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PROBLEM 8. T6 


KNOWN: Water is the working fluid ia a Rankine cycle used for cogeneration.. 
the cycle produces power, and energy rejected from the condensin 
Steam is transferred to a separate process stream. Dafa. are known 
at various locatvms. 


FIND; Determine the mass flow rate for the Каялшйе cycle working fluid, 
and devise and evaluate an exergewc efficiency for the overall 
cogeneration System. А 

A. P =боо Wbtlin> 


{ 


CHEMATIC $ GIVEN) DATA! ath _ ті 270008 






Ar eas 

‚Зо Ibflin> Р = 1чо ІЫ“ 
سے‎ м» (6) Sat. Vapor 

\ +o process 


ET 


N | 
(yp C9 TJ р зоа“ 
— 
Wp ZA Saf, liquid Ts 2=Z50°F 





ASSUMPTIONS: О) Each component ıs analyzed as а control volume at steady 
State .(2) The turbine, pump and condenser operate adiabatically .С3) For the 


- 


turbine Ny = 0.80, and the pump is assumed Jo Operate isentropically. 4) Kiiehic 
and potential energy effects are negl igible.C5) Saturated liquid excs the. 
Condenserat the condenser” Pressure .(6) 7 = 5302, p, =14.7 IF /in*. 


ANALYSISS First, Fix each of the principal states. 
State (: р = Soo а 7 = 100°F => h =/338.0 gtu/lb , $, 21.5971 Blu/Ib-*R. 
State 2: First, р = 180 иё, $,, =5, > hag = 1191.1 Blu/lb . With the turbine 


efriciency h,- he 
Е $ = h- Ny (Һ-һазу = 1220.5 Bk /Ib 


and, from Table А-ЧЕ ; 5, 2 1.5818 Bki/lb-°R 
State, 3: Р 180 иг, sat, liquid ^ وط‎ = 346.3 BHislh , 5,205329? PA. 
Stuk 4: hy, * hg + UL p, py) ; L — Eis 

346.3 BK н (So EF ШЧ ио 

3 TA + (0.01821 2 )(8oo (8a) re | 1 £4 ате 
346.3 +210 = 348.4 Glu/lb , 5=5; =0.5324 Gh/ lb. °R 
State 5: Р. = 14o Ibflia*, Te 225o*F 4> Compressed liquid . Thus 
hg * heczso) + Up (250) | P- Pec 250 *7] 
= 218.6 +(0.01700)(/40-29.82) LM = 2/8.9 Bíu/Ib 


and Sg 566250) = 0.3677 BHi/(b-°R 


п 





ц 
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PROBLEM 8.76 (Cont'd) 


Stafe 6: р, 2140 (bflin®, sat поро a h ^ 3.8 Blu/Ib, 5, =1,576/ Bh/lb-°R 


To find the cycle mass Flow rate use an energy balance for the condenser 
О = Meycle C h,-h3) Є ™ proc (he-hg) 
; . hs~he 
= Үп roc - 


218.4 * 1193.8 په‎ т 
т (50 ооо Їр EIE - Ib/ аф 
(: , 006 l/h ) ЕЕ. 5,577 хо lb/h u cycle 


For the cogeneration system, the cycle net work and the erey 
trausferred +o the process stream ore the outputs, and the exersy 
increase of the замн Sd eat passing through the Steam generator IS the 
laput . The difference befweey the put ond output represents exer sy 
destroyed due Чо Irreversibilities. thus, а reasonable  exergehc 
eff icienc y کا‎ 
— "et rate of exersy output 

ale of exergy pur 

= Weycle + ™ proc Cest- ёғ y 


Megete C CF- e4 Н 


Evaluating the various quantities ia this expression 
Weyele = Wer Wp = "Muell i hi) - Ch 47 h3)] 
= (5.577 xio" \| (1338.5 -1220.8)~ (2.10) | = 6.93610" Blush 
ee ЕНИ 
= (145.8 - 218.7) _ 630)(/.5 761 - 0.3677) = 339-4 Blu/ Ib 
eşi- еру = (bh -h,)- Te ($,- 34) 
= (1338.0 - 348.4) -630 )(/.541I - 0.5329) = 452.1 Bh/Ib 


Thus | 
(S.S'I'Ix iot t/h) (452.1 86147 tb) 

_ 6.430 Xio? + 1.965 Xio. 

] 2.521 xtio* 


= О. 324 (324%) é (value) 


a — —MMÀ M ÀÀÓÀM——— M 


PROBLEM 8.77 
frown: Het combush m gases enter the het exchanger ом of Hu 
Steanr generator of Paoble m 9.140. The inlet and Curt temperatures 
of the jas Str€awmw are provided. Oder data are (vow tha £olofh'oA 


+o Pry blew B. I+. 
FIND: De () the net rate ewergy v Carned W^ 09 the Jas Stream, 


Co) tho net ^oa xar Sy {з Carried out Gy th twa tar Shea m, (c) the 
rate 4 — — deshoch'on, and (d) Ха An nS с thr dene given t £9. FMS 


DOHEMATIC 4 GWEN DATA: 










500k ә Fox Fc 
EE № = 3348.4 kTlkg 
= 86 bar. 
P, $ = 6.69 B6 kT! ka. K 
M heat exchanger 


Combustor 
Ам 


Ђ=15% = 286K 


Ры >! Бал E ال‎ uwit 
TL * '200K 4 hy = 165.39 E3lls m = 93.84 kols 
Py > Bo bar А 


ASSUMPTIONS: (1) For the steady-state contvel volume shown, Qiy* МЈеу0. 
(2) Kinetic Gud potential enevgy effects are wmegligible .( 3) The hot combustion 
ases ave modeled os air as au ideal qas.c4) Each stream experiences 

nes lable pressure drop. (5) To? 288K, po 20,1 Mfa= I bar 

ANALYSIS: From steady - s tote mass alan ces on ye water and aw streams, 
vespectely, Mye IW Rud mi а Me 2 уло. . Thus, the energy rate 
balauce cam be written, Wilh the above assumptions, as 


oz Re + Үй (hy-hi) + ma (hi е) 
б 
Y^ E WA Een \ 
hy he 
From Table A- 22, hi = 1277,14 kT leg md he = 503.02 kT 16. thus 
© 4~ 185, 3 
х^, (43.89 £2) е — | = 383.3 ksls 
12.77.74 — 503.0% 
(A) the pet тобе exergy (а comed (л by Но gas streaw is 


M, (esa — е = vk h: -he - Tec sı - $e] 
D 
©\йсе Pi Pe ر‎ $:-Se = S aS سے‎ R WZ, = 52-50. WM values 


t 


from Table A- 22 
даед ее) =(383.3 *3) L8 - 503.) - (288k) (3.17888 
- 2.21452) Ek] ЕЕЕ а 
\ dels net vote 


= 141 x0? Ewa | energy 
Ct «ved, 


4 и 
(o) The ny га xer 7 Carried out by {hae water Stream uw 


e (eges) = ж [ ^O -Sy) ] 


Double inte pola hmm ur Tilda A-S at рут Ohar, hy= (98,33 e2[ i3 
Vives Sq = О.о1® kD] es. ie . тил: 


5-130 


PROBLEM B.F} CCentd ) 


m Ce¢i-epy) = (43.87 62) | 2348.4 — 198.34 - 288 (6-65 86 - 0.6018)] 
= 133.2. ¥/0 еМ) 


net aee en orgy 
о Carned ouf 
0 Ed = 


Cc) “The byersyg Asta oos ewe Aado to $ 


— 


Wa (egi - есе) + “Сеч. €4) 


? 
41 X (0. el — 193.210! ew = УТ Ко eW 
Чу Еа. Ts «ves 


rate ө 
exergy destruct om 
p. Cee еч) 133.2 X10? 
hea (Ops - er e) (4! *eo3 
|. 


= 0.697 (69.7%) 


4(f)— ——————— 


watery. 


Exergy destruchm «x tts Case o due 4 heat trans fr fre 
А usher – $e ran о Хола. Canrbushm 5 424 to the Veperiying 
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PROBLEM 8.79 


KNOWN: The vapor power cycle of Problem 8.17 is to be analyzed from 


Ф 


the perspect we of exergy acceon ting. 


Emp: Determine the rate of input tothe Working fluid passing 
through the steam generator and account forall outputs, 
losses, and destructions of this exergy. 


SCHEMATIC $ GIVEN DATA: See solution to Problem 8.11. 
ASSUMPTIONS: Same as Problem 8.17. Also, ? = /5°C 2288 К and р, = 8.1 MPA. 
ANAWSIS: Specific enthalpies ancl entropies at the principal States are 

State 1: h = 3348.4 k3lka , 5, = 6.6586 k3lEa.« 

210422: h,= 2272.7 kT [ka » 5, = 7. 2620 k3 | fey K (х„= 0.8734) 

State 3: hy = 175.98 kTlkg , 5, = 0.5426 5164: 


State 4. hy = 185.39 kJlk4 , S4 0.6018 kJ eg kK (double interpolation 
in Table А-5 is regui red.) 


Also, from Problem 8.11: v^ = 3.58 kg/h awd Whey = 8.48 xto? keg l/h . 
lapout: For the working fluid passing Hrrough the steam generator 


үл Сел - ер) = rh [ Ch, ha) - Tol S,-S¥] 


ш В.ззхю? = \[(3348.4- 185 .39)- 288(6.6 586 - 2.6018)| ET 


3 
= 133.2 MW ote 
К el | o? le (s 
“рки: | рих 
Net power- ‘Wea cle = (90 MW 
n ser: 


Mew l UP LL. у ) ww 7 Mew [ Ch eus oue" cu, iu — ToC Sc, out” الت‎ 
Approx mang Sew X SeCTeus) 
Mew l €4 our = ef d (4 dus 


= (848 xto |... 
32600 


sisse en - 6244) - 288(0.5053 - .2245)] 


10? 











= 6.64 MW 
Destructions 
For the turbine : 
Ёз, = To С = Tom (5,-5,) 
= 288 )(3.38x10* )(7.2620-6.6586) m [Ех 
and the pump: 3eocl| 10? 
Ey pump = 7 (№ )(S4-5,) = 0.25 MW 





= [6.32 MW 
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PROGLEM 8.78 CGnt'da) 
Finally ,for the condenser : 
‚ wO 
O = a (81. + m (5.- $3) E Mew l Sew, in > беса bud | + Teonel 
Wi Es cond = To T і 


Ed, cond = To [m(s,-5,y + Mi cw (Sew, out 7 Scu, in) J 


. 288 [(3.з38хо°)(.$ 426 - 1.2020) + (8.48 міо?) (, 5053 -.22ч 5) 
[3600 | |(о3] 


= 10.l6 MW 
Checking 
Outputs : 100 
6.64 
106.64 exero 
Desteuctions: 16.372. Еве 


„25 
10.le 


123,37 MW 
Input 133.2 MW 
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PROBLEM  $.74 


KNOWN: Hot combustion gases euter the heat exchanger uwt of the steam 
generator of Problem 8.19. The inlet aud exit temperatures of 
tha ges stream owe known. Okar clot are from Problem 8.13. 


FIND: Determine the exergy destruchm rates in da) the heat exchauger 
Unik (b) the Turbine and фумар. and cc) Ha condenser . Also, 
coftulate the vet pode exersa rs Carried away by He 
Cooling woter passing Pwroush faa Condenser. 


CHE С. V : 


A Exiting stack gases 








| 
| 
pu 52.09f. | 
ў" (4, 7 bfl ua wma 


Heat exchanger unit 








Hot combustion 
Fuel —4—» · products 
< > 


i m = 1.4 X10" lo/k 
і 


ASSUMPTIONS: (1) Same as Problem 8.19. Т: 2145022 ү} 
(2) To 2520°R , Р„°={Ч:7 bein? (3) The 
combustion gases are modeled ag avr 
оз an ideal qas.(4) The gas Cream, 

the working Huid passing through Не 
heat exchanger uwt aud He Condenser, 
and the condenser Cooling water streaw 


E ; mw 2 (9.43 xio? 
each Cyperience no pressure drop. ке. 


pum ibl h 


water out 


Cooling 
water in 


ANALYSIS : (69 For the contro! volume suvvouud ид tia heat Ly Cn. wa er uwt, 
St ~state mass balauces for pre water amd ar stream reduce , 
Yespectwely to mye V, s v aud M, = ^e ima. Thus, the energy vote 


balamce is Р 

O RY, + M (hy М) ла Chi-he) 
uid M Е Mm (М.-М) 

^ Gi, - меу 


From Table A-22E, h; = 490.8 Bw/th and he = 201.56 Gill, Thus 
- UM жое 1 у( (591.7 Bharth = 15,17 ьм) 6 
Y^, = *7T. Ib/ 
i (900,86 — 2.0(.5ш) Bha Ib ARO iN 


The rate of exergy vertrochun com be {оома from . Eq = "Те С. , ‚ The entrony 
rake Wolouce Xov Hae control volume is 


ы о Ф ` т 
Oe 7. T): + WM (S5y-S,) MaCS; - Se) + Sey 
Thus | | 

Ea = To | CS, - 54у +, Сз, -S;) | 

o 
Since Pi*Pe , 5е-5; = Sg -5;° - 2 РЬ) = se-s? . Wath values from 
© $ 5 

Table А- 22£, Se= 0.0747 oud si = 092505. Further, interpolating iu 
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PROBLEM 8.44 ( Contd.) 


Table A-SE, Sy = 0,133(9 Bish R, and with 5, = LUSIS 6916: 2 from 


Problem 8.14, 
Ey= (520°R) (0.4 xio“ I) (0:5 -0, C336) Bast 


+ 113 xo^ 104. (01014 1-02508 ] | 
= Q.9qXto $ Biu/h — 
cy ES 





(b For the turbine with S = hS Ghu/lb.*R and $,2 [101% Bk/lb.°R 
based en data from Problem 8.19 


Ej = To m (3,-5,) А 
= (520)(1.4 коё) ( (7010-1605 ) = 9,91 х©”ём/ (Bab ine) 
Furthar, With S, = 0.1327 6hk/ lb. °R (Sat. lig. ож 110и), the леа. of 
exergy destroction Sur fhe pu US 


| Ea =z To С 54-53) 
= GX ч x65) (0,1336 - 0.1327) = (94 кис? Bha /h ао 


(c) Similarly for the condewser 
Ез 2 To | ма (5-- S.) + Y^ cu ( Sew, out ^ Sewin) | 
= (520) | (14 X10" )( 0.1327 = (16106 ) + (G43x107) (. 03332. - .05555) | 


E 


= 727 ко" в/і, | 
(condenser) 


where Sew * SeCT). 
Finally, the net vate exergy is covried out by the cooling water 


poss Ins Huro ugh the condenser is 


Mew ( {со — ерси = Ma, nus eut" CHER —To(Sewout - ба) | 


2(G43 x10 7) |(48.02-38.08)-(5203(. 09332 - .ossss)) 
ner rote 
€*ev6u is 
carried out 
оч wok ug water 





= 2382 МО! Bush 
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PEo BLE M 8.80 


KNOWN: Feedwater heaters operate @s ih the regenerative Vapor power 
cycle of Problem 8.61. 


FIND: Determine the exergy deiochios rates of the feedwater heaters per 
Unit macs of steam elterina the first turbine stage, and express 
each as д fyactiow of the flow exersy increase of tle Worle ring 
Fluid passing through the steam generator. Чч = о. 0693 


SCHEMATIC $ GIVEN DATA: 37 2500.5 КӘЇ 
3 


ч 20.2039 5,5 6.4342 kT] lcs +< 


M47 3006.4 leT [ks 
_ 32 2 6.4342 (ш 


















н Ci-yY =y") = 0.6668 
о 

| 565.324 к/к 
| hy = 51.83 kTlke 
hy, = 1087.3 kT/kg 


XQ, > 0.243 


1 A = 1.6699 KTI ke K 
- i $43 1.6118 kT/y-K | 
s, *a4646 kT[kK 


'^ hip = 1087.3 k7lk; 
Sio = 2.7204 W3/l«o- K y! 20,2689 


haz 1081 la 


542 2.7605 ЧК, 
Crable А-5 | 
ASSUMPTIONS : See Solution +o Problem 8.61. Let Т 215 %№ =298k 


ANALISIS. For the closed heater, Еа = To Т/л, . Thus, иѕ1й9 an 
entropy rate balance 
QAO . . 
O = zál, + m, |Y iSo) + (Sg7Sq) + T/m J 
Thus Ed. = Tel 4655-5,» +С 54-5) | 
=(288k) | (0.2639) (2.1964 - 6.4 342) + (2360s — 0697 )) hig de 
= 374.3 ES Z Ki e шшш — — 
— Closed 
Similarly for the open heater heater 
a о А 
© Ex (27; + us; T y's, +(1-y! -уч ) $67 S4 + ea 
OF Ealing = To [s >y" 5,7 YSu-Cl-y'-y") so] 
= (298 ){G .6718)-( 9-0693) (6.434 г) — (0.2639 (2.1646) - (0.6668) 0.5210) ] 
= 21.6 509. | 
( open 
Юг the WO rking fluid passing through the steam generata heater 
(en-e) = Ch,- ha) — ToCs,- 4) 
= (3444.4-1087) -(268)(6.4342. — 2.7605) = 1297.9 kY lle 





Thus : ә i 
. * 
(Ed lw Jeran _ 373 2 6.029 (2.9%) closed 


(ес.-еса) 


“Tt К cow 2b oh, ېه‎ — 
Cale Joep aA 2002 (21%) e 
= 1297.5 (ме) 


a 
(€41- е4) 
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PROBLEM 8.8] 


KM oun Tha regeneratve Vapor power cycle of Problem 8.67 5 
aneluzed суу thea basis of exergy accounhng. 
Find Deternune thse rate exers input +o ба workin) + гч 


pasting + hroush thea Stean 4 enerator and Account for tha dis rm si лл 
4 thas — 


SCHEMANC $ GIVEN DATA: See solution to Problem 8.67 


ASSUMPTIONS: Same as in Problem 8.67. Also, Let Т 215°C = 288k aud 
fo?! bor. 


ANAWSI&: Each principal state is fixed in the solukon to problem 8.67 
The. specific enthalpies aud entropies ewe : 


Side WOW) 5 (Tilg) 


CL зше | — 
—4 | 30251 | TO — 
| 5 | 2098.60 | 7.2284 | 

[ [8.53 | 5210 
= жаа WERE LI INN MES CIO 
_ 9 | et! | 1.4336 
o | 








1.4336 
2.1346 
12. 


ШЕТ ЖИЕ ( 5: @ 180°C ) 
ola | 

| 13 | 702.8) | 2.2025 
I | 

15 






— | 3204 | 
i316. 6 
1316.6 3.3604 


Суре 295° ) 


From the Soliton јо Problem 6.67 3 M 21. See xıo® kpll = 411.1 val s, 
y'= 0.2486, Ч“ = 0.0514, Aud ym = 0.0905. 


INPUTS 
Boiler | super heater: 


(е =e) = Yh, [О-у “Te Ges] 


(ч! 13.) [6424.6 -\303.8) - 288 (6.1858 - 3.2064) | E 
M _ 
S (4l X10 а > 5141 MW 


rn 


il 


Ruka : 
Y^, а-чу (еєз-еру m, (1-4! у LOW - To (85-801 
= 815 Mw 
Total : 600.6 MW a Input 
OUTPUT 
t output ©. (ү 
pe aa TONS | ма vo, B Welk, | 


yi 


8 k i MW 
(411.1 yl 1067.4 33.62 | S Core 
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PROBLEM 8.51 ( Condd.) 


к ш = үл C -y'-y" -4") (eg6- ест} 
OSS 
= л Ciq 4" -4 Ehe- ha) - Тос 59] | 
oss 
DESTRUCT LONS 
turbine : 


EJ.7 m To Cm/ v) 
= Way To Go so 0-96, 


$5) +(1-Y'-4") (5, -Sy) +C1-Y'-y yte 15,-5,)] 
> 53.27 Mw 
So-bar heater : 


Ey =, TA ) = To | Y (SiT Sa) + (34-5,)] 
= [8,82 MW 
lo-bar heater: 


EJ = wh, To L Sum Sio tC g'0 S2 So - ہک یں‎ [ 


= 10.97 MW 
Open heater : 
Éj = WA, To | 54 – Ч“ Ss - Cy “ییا )و‎ -y وو(‎ ] | 
= 6.7 Mw 
Traps - 
Es = A To] Саш зу! ] = 5.39 AW 
Ed = M ToL Cy +4 "(Sa¬ 5S,a) ] = 2-62 MW 
[otal : 
SUMMARY 


41.27 ру) destroyed 


Input : (00.0 Mw Outeut : 466.0 


Less: 31.3 
Destroyed: 91.17 
it. 000.577 Mw 
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PROBLEM 8.82 
Knows: The Aegeneratve power cycle Of Problem 8-68 Сг 
the basis of exers accovu hng. 
ED: D.edervec Ae d^ nate 4, ners م ہما‎ wt tothe work ng flud Passing 
through the «de мл деп ема and  acceowt fr its Lis posit on. 


SCHEMATIC 4 GIVEN DATA: See solution. to Problem 8.65. 


AsSumPTIONS 7 Same a Problem 8.65. Also, let To= 520°R, p, = 1 MH 
ANVAANSAS · pec bien pol state is Fixed in the soluhin to Problem 8.6 9. 
The specific enthaxpies and entropies are: 

Otote h pute s (OI /Wb-*€) 


— 13988 — 


analyzed HN. 










1.9788 





From He solution јо Problem 8. 68: m, = — Ib/ b, 4'=.1928, 
y” *,1245,9'" 2.0834, 


ENPUTS 
Boiler/super heater: 
WM, Ci eg) = Mm, Lh йз) - TeC $,-5,3)] 
=(5.286x10" а) [0542.5 - 472.22)-620)( 1.0159 - 6674) | d 
= 3.05 Хоч Bayh 
Reheater : 


Ci-y'-y") m, ( €gs-e4«. ) z (1-9 '-d")m, [с he-hy)- Tol Sg- Sy) | 


= 6.312 XLO Btu/l 
Total: 3.63/10? Błu/h _ Input 


OUTPUT: net output 


ot yele = Wemele = 3x01 Вик t. 4 Output 


Loss 
Condenser = vn, Ci- 49-4" 4" )€ е;у - 68) 
loss - M, Сауу" yh ,- kg) - To (81-591] 
= 4.838 коё Blu/l. 4 Loss 
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PROBLEM 8.82 С Contd.) 


DESTRUCTLONS 


Turbine : 


Ea = Tom, (erb, ) 


To ^, [| (1-429 99) S + y's, - 07973" )6,- $4) *49 S3 tY s,-5,] 
= 4.521 х0 Blull | 


boo Ibfliu* heatew: 


Ese Tom, EY (54-5) +65з-5) ] = 3.4% xco* Blush 
leo bth? heater: 


Ed = Т; ي کا‎ ' +") 51+ 5,1 - Su TY Ss 7Y Sis | = 4.377 x o" &lul h 
Open heater : 

Ê To ils = "sc - C4 n5, 7 Ong d 58) 
= 5.54 xo1 Blulh 
Trees : 


e 
Ed = Tem, [v (5,5-5 <) +) +" ) CSa S4» | = 6.071X(0 Bil, 


Totel: 3.978 xo вш, 
Finally ) To sum marte: 


nN destroyed 
9 
Tunut: 3.681 xo" Gili Output: 3.00 хао 
Sm ы " Е 2.028 xio? 
Des 


reed : 3.118 x. o9 
3.6$92.x109 Bush 
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PROBLEM 8, #3 


(D KNOWN: The regenerative vapor power cycle of Problem 8.71 is analyzed 
from the pevspective of exergy acesunhng. 


EIND: Determine the rate of exe ra Ч input to the working fluid 
passing through the steam generator and perform codculations 
account for this enero — 


SCHEMATIC # GIVEN DATA: See solution Jo Problem 8.71. 


ASSUMPTIONS: Same as in Problem 8.7). Also, let Т = 520*& and 
Р, = 14.1 ТЬЕ / rn? 


ANALYSIS. Each principal state is Fixed in te solution 1o Problem 8. 71. 
The specific enthalpies aud entropies are: 


State h (Bhu/ Ib ) BEES C81. / њ.к) 













. 1888.5 | SS _Ž— 

× = 0.2987 
4 __ | 
7 

| 

| 8 | 5424 | 

и B Xa 20.2742 
и | | — 723.01 | 0.22315 — | S6eisser 

125.83 | 0.2235 — || 


From the solution {о Problem 8:1, тй =1148Xto" lb/h , Y's 0.115, 4 0 8866. 
INPUT Boiler/superheater : | 
Mm, Cesi- ез) = m [Ch -h,,)-ThCs,-5,29] 
«(Lis 8 xco* dh )| (1388.5- 125.83) -620)(/. 566S - 0.22315) rd 


= 6.476 Xco* Blu/ hk ___________ Шера}. 








OUTPUT 
net powe а 
output ef | = 5xio' bu/h 
Cycle 
[0595 
condenser = m, y" Cess -egc) 


Y, ut i (hg = hy) = ToC 5; -s6 \] 
= (1148x107) (0.8866) [002.5 -63.74) - 620) (1-149 - 0.132] 
= 7.006 xo ° 6ku/ lk loss, 
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PROBLEM 8.33 (Cont'd) 


DESTRUCTLONS 


Turbine stages : 
Ed= m, To (д/м) = m, Tof -YO Cs zs, + y" ($5-5,)] 


5.598 X10? Btu/h 


n 


Heat Exchanger : 
Eye үй, To (7m, ) = M, To [ 4°CSy-S3) + 9 (se-s) | 
= 4.316 xto' &lu/L, 
Open heater : 
Ed>™,To(F/m,) = M, To [ Su- "Sq - у! 5 - 1-9-9") 5,1] 
1.026x108 Blush 


Trap : 
Ёа = т, Tol T/M) = Te [ y' (sq -sa)) = 2.106 хо" Bulk 
Clash Chamber: E420 
Total: 7.7662 x10 8 Btu „ destroyed 


Finally, to summarize : 


Input : 6.9% xro вілл Output: 5 хо (77.2%o) 
| Loss: 7.006x10% (10.8%) 


Destroyed: 1.106208 С 12.0%) 
6.411 x10 7 Btu/h 
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PROBLEM 8.84 


KNOWN: The regenerative vapor power cycle of Problem 8.45 is analyzed 
from “the perspectwe of exergy accounting. 


EIND: Determine the rate of exeray transfer to the working fluid 
passing through the steam generator anc perform calculations 
to account for this exergy. 


SCHEMATIC Ê GIVEN DATA: See solution to Problem 8.45. 
| Same as in Probem 8.45. Also, let т 215° =268к and 
фо ? 0.1 MPa. 
ANALYSIS: From Problem 9.45, the Principal states are fixed. Specific 
enthalpies and entropies are : 








hlkIlkg) S(kT/keg: K) 


State 
[L1 | 2348.4 | 6.6580 | 
| 4 | 173.88 | 0.5926 | 
S 






5 
_6 | 702 | 7328085 | 
[6 . 


6411.22 


From he Solution +o Problem 8.45) 9 20.2544, m, = QI 16 ks ls 
Mey = 1700.7 kgls, Weycle = 100 MW 


Tuterpolating ѓи Table А-5 





Xg = 0.21 78 





INPUT Steam generator : 
үйСед-еҳе) = m, [h,-he) -—To(s,-Se)] 











«J| IM 
= 01.16 63 )[(3348.4-702) -288( 6.6586 -|.1805)| A JA 
= 114.2 MW 
OUTPUT. ш 
Net power — 
= 100 MW а 
( of cycle Output 
055. 
Condenser) _ ¢ e e 
loss Ml T. Jew 


= m, ОТОР Б ets ae ) - Tol Sew, out - Seu, in) ] 
Using hew = hy (Tew) aud Scu = 5р CTew ) 


Condenser) _ : — КЕ 
— | 1.16) [(146.68 6244) - 288 (.5053 - .2245)] |, 


PROBLEM 8.84 (Cont'd) 


DESTRUCTLONS 
Closed heater: 


Ey = To M, (O/m,) = My To [ (54-5, + Cse- 55)] 


= 5.3 Mw 
Trap: 
Eg = ий, Tol èlm) = №, To Ly (Sg-5S,)] 
= 6.46 MW 
Condenser : 


An entropy balance for a control volume enclosing the 
Condenser 9g wes 


о 
© = 2 (a). tm] Ci ys, + у Sg“ Sy] Fey (Sew, in аи) +0 


Thus 
Ед= To d^ sfm, | S4 -(1-Ч) وك‎ -Y Sg j T Mey CS, our “Sewin ›$ Te 
Total: 14.56 MWg destroyed 
SUM M AK Y 
Input: 114.2 Mw Output: 100 
Loss - 0. 26 
Destroyed: | 19.56 
117.56 MW 
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PROBLEM 8.85 
KNOWN: —U»atec is the w Or KRING fluid in a Aim ple Vapor Power plant. “Data 
Оле Crown at varous locahions. For ths Steam Generator; Spea f'e 
exergy velues are provided for the fuel, air, and Stack ates. 
Find: Deternune, as Percentages of +he exergy entering with thea 
fue | (a) На ем-есбу exi hng wsha th. stuck gases, Ce) exergy des ос aoh ке +a 
Steam Jenerator; (с) net power developed, Cd) екеу dere чле ہس‎ do 
turbine and Pump, (е) ек ergy 2y, Any w.: ta the Seoli ns wa ter, CF) exergy 
des hoge d w the селен е”. 


A Exiting stack gases 
SCHEMATIC i GIVEN_ DATA: ` mq @p= 33S 8*4 


| 

i * 

| Wisk = I5. 
| 
| 





ec W gual 
2222 im у ا‎ canine = 
| Hot combustion toor 
Fuel products 
| 
Air > 
(To Pe) 
| 
| 
| 
| 
ASSUMPTIONS‘ (1) Bach component | 
| 
iS analyzed as а contre] volume | 
at steady state. (2) There are no | 
shay heat Jrausfers. fec ам, —— 
poneut (3) kinetic aud ا‎ 1 
energy effects are negl igh ble. Cu Let EUR SONA 
Te*531*f&. , Po 214.1 Iblant water in d = 


ANALYSIS: First, ix each of Wa erincpol states of Wa «acte. 
Stoke V Ppa 5oo lli ,T,-40o9€ => Vs 1460.5 Bulb, с, =1.6967 Biw/b^e. 
state 2 pet bU xaT 4> ha: 1074.66 БЫЛЬ S, 204226 В. 
Stake 3. paai Ut sat. Diguid > hg = 62.74 owe, 5,>,\327 G3u/lb- ^g 
State + Py 5 500 ibt/ 2 > 545 =,1527 77 Table k-5€ 5 hus 2 11.359 Gu lb 

WI Mes pump efficiency, hy = hg + ма Аз). илч X 
Sy 2 0.1334 Btus lb 
APRLYSIS: Co) For tw Steck gases 


Ep = 335 Btw/ (6( fuel) = O.O!IS Ci $95). 44—— Ca.) 
Ep 22,322 tiw lb( fee!) 


Ch ) Aw €» e ү rate balance Tee م‎ Steam Seners Tov معا و‎ 
o m + Ep-Ep > er L ®4 -eu1- Êd 





— ә 
Ed = ep- ер a4 mst ич - и. у = Tol S¥ - -<,)) 
үм j= 


EF 
= 712,322 — 33V 4 ISA [on FY = (446-5) = $37(0 1334 — V є4%+]] 


= 13,619 Bh / Ib(foal 


<4— (b) 
15,614 г O. Gi (61%) 


= estvoue,d 7 
D % веке 12,31. 
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Реовиє м $. 8v ( Contd.) 
(c) The nat wore deve опе рэм umt mass of Funk en te 
W net z mst | Ch,-h2)—Chy- ^3] E ISIC. - 1074.06) ~ C7/.7V - 63-72] 
№ Е “Р 
= $887 Bi lo(fe!) 


C 
olo output <= S &&F - 0.26% (26.4%) — ©) 
оо work 22,322 


4) The exergy destroyed w ta turbine and pump can le found 
Using Ed-% T. That о 


Pg 
i 


à - (mst 52-5.) 4)5 -5 = AS-1)(S3%) JG. 226~ I- c187) + 
: (st) [€ ) 4608v 3)J K ( 0.1334- 0-1827)] 


ў. 


182.1 Bru/lo (fuse) 


— = 1821 .o.o0g2 ( 8.2%) -— С 
оао 22,32 


(e) Tha ex er exi ting withw +t. cooling wate por Out mass 4 
(ала £l м be gen ny 


(е) [ (Ss =) efc - €£1 wil (est) Санг М са, in) M 
To ( $co, out —Sewin)] 
An energy loalance on thr Сем Зя мру иол ag hew 5 he СТ) 4: ves 
улсы. ha ch? 77 *2 
wst hy (40F)-ht( 77°F) 
Thos, twe TAN Scu 2 (т) 
Exergy Фу hing woth 


thse coulis why par = (16 .1)( 77.42)[ ($8.07 - 45.04) - (637) (0:1? - 0.08775) | 
f fue 


Unt mre $C of 


e/o exiting ur 1*. 2 139 2 0.006 (04% ) «o Ce) 
{ле cooling Water 22,322 


(£) Using Eye Tot , Te ARPS TG dash vige d t The Condens Ww 


kd > n['* c (53-5 } + zar) TEE JC Season - ean 


с i = ъл She 
= ($31) (5. 6 -122?- (4226) + RIN o 1-9 овт?г)] = $2 [ль (fuat) 


2j 
ES 2. 3°, i 
o/y des wo А = $2) Ja2, Ll} = 0-023 ( o ) 

SuUMMART?S | ы 
v \ Ех : 

REM, puuman) бызды son E 
wa Cooling UA 

Stace gas ззу (tt 9)‏ هه 

9 ver Destro d: 13,69 (Gl % ) 

w= Steaua E. (921 (2%) 

- Tarbiva [pomp $2) (23%) 


-— es کے‎ — — 
Си 2 232 2 (100 97») 
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PROBLEM 8.86 
KNOWN: Usater is the working fluid in a Ample Vapor Po wor plant . Dato. 
ore kreun ай vareoue loca howa. Fer the Shea m genera br, ресе с exergy 
Voluso are Provide * for thn fuel, air) and Stack gases. 
Fred: Develop an eversy &CCoun ting 4 the t entering the plant with 
T^» fuel. 
SCHEMATIC &{сг‹о Ку DAFA: 





T(*c) pleor) h(E (Б) 
















Asst . xiting stack gases 3426 no 
ini 2 23304 5 
з (att) oos 1959 34 
y q 3c боо (88.4 2-606) 
Зри 
- ы ç то _ g4 0. Ale 
ue " 
I S . 
: Cycle working 
Ce = fluid 
iY, 10083. CE ASSUMP Tos: 1. Contel volumes 
— Net power out елсе (о $ "^4 glach CO npon e^t are ot 


е = ò steel, state. 2. There are vo stray 


heat Wan з fers у and meh / poten hot 
| | €4ers« е {есу Can Ot ignored. 
Етте = ; 4. Т: 40°С, Py = Lahm 


AALIS: Bean by firing eau State aud olotrining и, s data: TBR A-Y ауе 
hi 2 3425.1 eales, 3,= 5-21. kofes. ie. Tusa, w ha data frown م748‎ 4-7 


h2= 173.46 А 0.4(2403.1): 2236. , St, = 0.38264 0.4(3.2282-0.3431€ ) = 7. $C SI, 
Wa = he (0-88 bar) = 173.9, S3> Fz о. $326. “Than, £v ne Torta А-5, hy = (88.9, 
SJ» 0.606!, And with h= hett), S=s¢(T) and dat tra-TAts A-2, 


ho = 84, 5с= 0.2466, hea ¥6.7) $42 0. 053 


For the Stack Gases: 
Р - iso «S [ку(Е) (Е = о.о! (1%) 


[me] 


EF 4/260 кэ [es (F) 


Exergy Dectrochm —Steam Generator: An exergy Га le balance reduces | read 
о ‚ | | 
o> Kar + Êr- Ep + s+ е+д- € 1- ёа 


* 


> Ea. eg ep a t| Ci) CSS -8) 


w C WF 
= WW, Жоо = 150 + 3.42 ( 688. q- 3¥2s.) )- 243 (2:606: - 


Ск pasted AE o~ percen tese 4+ fue | exergy: = — = 0.6 ( 0%) 


Net Work Develo ptd ; 7 иот 
= 2) — 188.9 — 173-4) | = 420 
(Cover. 1 ~ 2336.7) 8 ра 


беер Get / nap) Ch =ч = Cm) = 242 


— о 
Exped as a percentage of thy fuse avg: = AIPE -0286 (28.6 %) 


©6672) | = 8820 *3/Kq(F ) 


(Е) 
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PROBLEM 8.86 C Contd ) 
€x era, Deshuchm ua Turbine/ Porp: Using Ed =o 
Ea > met t| Û Se -SJ - To 5» - аў] = G 42\(293) (4 YGSI— 6.6622) + (0-606! - 0-5426) J 


= 43g ЕЗ When Exped бо a percentage of tire feat exergy: = 458 - 0.06% 
escF) Lt, +оо (6.495) 


Скет ч evi Kng сә Hh А cooling water : 
z Ast) (== — i е‹.Ф – ess] = mst жү ч. hs)-% Б(5<6-%у -) J 


Er c 





An energy nek balance ew he Cond enan- ji vse 


улеш. hv-h3 . 233.2- 123-4 _ guys 
ast М-и iW? - 84 


Tuas) 


wit € 


210 © 
шка n ae prs Scr Фе c. perc en +=-ўе of + {^4 exergy: = — о Ct A) 
l 


(eve? es (3.42 X 34.4) { бчьл- -84¢)- 223 (0.5053 ¬ 0.2966) | = 200 EIS /es CF) 


Exeray Ties vef w ths Condenser . Using Ey =n 
M уль] (э-э) “СОС ese | 
Р Mast 
= Q-33)( 3.42 | (0.5426 - 7-¥os!) + 34.¥4( 0.5057 - 0.2966) ] = 34 EI/ks (Е) 
When tx prised an a perceekega 7 Uo Fak Overy = Nae = о.огу (2.74) 
сом мает: 


> Exergy entering with 
Илхо fuel, per vuwAF mass 


st uel: ІЧ, Foo €3/ks(F) Сюо%) 
о Cxer4y Out 
= net чо orit $208 28.6%) 
= Cooling wa perr 210 ( (HY 91) 
— Shek gases ISO Clo %) 
Eyversy De toyed 
— eres рур 436 (6+) 
~ Сомбел) еу 374 (2.5%) 
— Sleam geura 8 8 o (Фо %) 
it, Food (100 °/,) 
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CHAPTER NINE 


GAS POWER 
SYSTEMS 


PROBLEM 9.1 


KNOWN: An air-staudavd Otto arcle has a known Compression ratio 
and о. Specified, state at the begiuning of compression. The 
heat addition ger uwt Mass of air is `д\уем. 


FINDS Determine (ау the net work per uit mass of air (b) the 


therma\ ef Ficiewey ; (c) the mean efectwe pressure, and 
Cd) the maximum cycle temperature. (е) plot each of trese 


оой нег versus Cowpressim neto. 
SCHEMATIC 2 GIVEN DATA: р | з 


° | VN, = 8.5 
К 2. Зза = 1400 KT / leg 


ASSUMPTIONS: See Exawple 4.1 * p= 100 kPa 
! ^ Т, 2 300K 











| Ax 
ANAINS(S: Begin by fixing each principal state of the cycle (Table A- 22). 
State | P, 2100 kPa, T; = Зоок JA и = 214.07 kT/ leg ر‎ Ur, 2 521.2. 
State 2 For isentropic compression 





Uy. аал, Ve . 0A. 
Vu i V, 8.5 73,082. 


Thus, Т, 2 288.2 K, U= 503.06 
State 3 The specific internal energy u; is found using the energy 
balauce for Process 2-3 


о 
wm (u4-uz) 7 aas - Xf, 
Q 
U, > 222, = EJ ve. 
3 m + а = (ЧОО v5 t 503.00 5 = 1405.0 





Thus, T3 = 2231.3 K ; Ves = 1.492 Col) Т; 
State4 For the isentropic expansion 
V 
Upa 2 Ura b = wg A allaazy(8.5) = 16.3)32 
V3 Vz 





Finally. Ty = HS4.3 K , Uy = 842.45 ЕТ/\д 
(a) To find Же net work Note ak Wu de = Q cycle » 55 


Weycle 2 ©. з — Qui LA Qz3 -— (u Uu 
Mm Y^ Y^ m poe 


\чбо ~ (842.45 - 214.01) = 121.12. 2 (6) Wee 
og ———————— 


(b) The thecmal efficiency is 
QoMeacde/ (m 12 
M US CERE " apie о. 515 (51.5%) Cb) n 
23/% OO 
( The dusplacemenk volLme is М-М. = MOT, -U2), So the mean 
effectwe pressure is given by 
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PROBLEM 4.1 ( Contd.) 
mep = Маде „ Маде е / Y z Nyklm ele [m 








М, -V2 ат, - V2 ^J (1- Vale, у 
Evaluating Д - 
| Py (100 k Pa ) 10° N Im? i kT 
= 0.661 m*lkg 
Thus 
(121.12. KT/kg ) 16? Nem | de fa 
me JV Á 
3 кынан: 
OO ш gs) іку || 10° мім 








= 9442 kh, a 1 0 ,5 30 (€) мер 


The data for the required plots are obtained using (T, as follows: 


— 


T Code 
5 
100 // kPa 





Weycle = Qcycle 
Woycle / m = Q23/m-Q41/m 
Q41/ m = u4 - u1 


Г = 
р1 
Т1 = 300 //K 
= eta = Weycle / 023 
Q23/m= 1400 // kJ/kg \/1 =у1*т 


m-1 / assume a unit mass of 1 kg. V2-v2*m 
mep - Woycle / (V1 - V2) 


| tl oo 


v1 = v_TP(‘Air’,T1,p1) 
s1=s_TP("Air’, T1, pt) 
u1 = и T('Air", T1) 

52 = 51 

№2 = ү1/г 

52 = $ ТР("Аіг", T2, p2) 


v2 = у TP("Air", T2,p2) IT Results for r = 0.85 


u2 = и Т("Аї", Т2) Q4,/m = 678.8 kJ/kg 
v3 = у2 Т = 1155 К 

m * (иЗ - u2) = Q23 - W23 ш = 213.9 kJ/kg 

W23 = 0 uz = 502.9 kJ/kg 

u3-u T('Air', T3) | из = 1903 kJ/kg 

v3 = v_TP("Air",T3,p3) u, = 892.7 kJ/kg 

53 = $ TP("Air", T3, p3) v1 = 0.861 m?/kg 
v4=r*v3 Weycie/ M = 721.2 kJ/kg 
s4=s3 n = 0.5151 

v4 = v ТР("Аіг",Т4,р4) T3 = 2233 K 

54 = $ ТР("Аіг", T4, p4) тер = 949.4 kPa 


u4 -u T('Air", Т4) 


2-2. 


PROBLEM 9.1 ( Cewt'd.) 


PLOTS : 


800 
700 
600 
500 


300 


Weycie/ (kJ/kg) 


200 
100 


1200 


1000 


800 


600 


mep (kPa) 
Тз (К) 


400 


200 


© 


10 12 


© 
N 
м 
о 
Co 


The v mal efficiency Increases with imcreasin 
о net wovk of He 
akure, increases, Siuce the. 


goes Р? with Increasing v. The mep inweases as well 


oddifion is constant , 
the MAXIMUM 

of ESSN, т, › 
for similar reasons. 
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400 £f 


0.6 


0.5 


0.4 


0.3 


0.2 


0.1 


© 
№ 
A 
Oo 
Со 
NES 
© 
=" 
N 


2400 
2200 
2000 
1800 
1600 
1400 
1200 
1000 
800 
600 
400 
200 


G Compress on ratio. Since the head 


cle increases as expected. Aso 


tev«pero due at Ye. end” 


PROGLEM 4.2 


known: A cold aw- standard Oto cycle has a known Compress (On ratio 
anda specthed state at Ha беди vg of compression. The heat 
additor peruùt mass of aw is given. 


EIND : Determine (a) He net work per unt wass of аіл" Ы) the Hermal 
ressure , and (d) the maximum 


efircieucy , aud Ce ean eftective 
— CNN 3 el Pist each of these quantities 





cy cle te | , 
SCHEMATIC £ GIVEN) DATA: Р Versus Compvession rato. 
‚ N, IN 8 > 
— Qui . ex 
р d. Tr 
: 4 
— P =100 kf 





т, 2 300K 





ASSUMPTIONS: See Example 4.1. 
Also, assume Constant specific heeds aT 


evaluated ot 300K. 
ANALYSIS: Fist, determine the temperature at each priùcipal State of 
the сусе. Т, = 300K is given . 
State 2, ` For isentropic COMP YesS ION. ) "Ta. = (Vive) т, = J7Ob.| K 
Where k = 1.4 from Table А - 20. 
State 3: The temperature Ту is found Using He energy balance for 


Process 2-3 ° 
W^ CU. 4, - s, ) = A -y. => MCs (T3-T2) = Q23 


= ) “т 
туч Qaim’ + Чоо кыз, k3 706K 22656 K 
OTB Ктк $ T3 
state 4: For the isewhopic expansion, 
- (Y2 pa = (Vz e á E ety 
Ja (a) Ta 7 (F | "T. 7 (as) ese = 128.4 < 


(A) To Fund tha wet work, note Ma “Јосе = Qeyele , SO 


Wi i z | 
EC X ua Заз 2 Qui 2 Q*2.— т.т | | 
= oo -(319)(1284 - 300) = 805.2 kT/kg , 004 
(b) Tha Xa sa wed еңсем tS AR Мосе [rw = 0.575 (37.5%) У. 
Qz3lm 





(C) The naan еее, pressure is Gwar Vy 
Waele " Waele = Weycle | v. 























Wen = 

? ViVe WW (45,-02) کا‎ (1- Vela) 

v — |‏ وہ کے 

T ET, Null а: \‹ 300 €) | | kf lo or 

R COS EKÎ io nimel] TET 

= 0.861 м? ka 
a ( 805.2. KT lke \ LO? М.м 1 kPa 

vag N || 1060 kia -— 
(8c) wu ~ z's ) | uie 10” Niue ا بيص‎ 
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PROBLEM 9,2 (Cont'd ) 


The daka for the reguwed plots ave ободие using IT as follows: 


IT Code 


r=8.5 

p1=100 //kPa 

T1 = 300 //K 

Q23 / т = 1400 // kJ/kg 

m= 1 // assume a unit mass of 1 kg. 
cv = cv. T("Air", T1) 

k= 1.4 

Rbar = 8.314 

M = 28.97 


v1=R*T1/p1 

В = Rbar/M 

T2 = Т1 * r^(k-1) 

m * cv * (ТЗ - Т2) = Q23 - W23 
W23 = 0 

Т4 = ТЗ * (1 /г)^(К - 1) 


Weycle = Qcycle 
Weycle / m = Q23 / m - Q41/m 
Q41/ т = cv * (TA- T1) 
eta = Wcycle / Q23 
Vi=vi*m 
тер = Wcycle / (V1*(1-1/r)) 
PLOTS : 
900 
800 
700 
600 
500 
400 
300 
200 


100 


Weyel a m (kJ/ kg) 


© 
N 
A 
о 
со 


1200 


1000 


800 


600 


тер (КРа) 


400 


200 


Тз (К) 


0.7 


0.6 


0.5 


0.4 


0.3 


0.2 


0.1 


2800 


2400 


2000 


1600 


1200 


800 


400 


IT Results for r = 0.85 


T,= 706.1 К 

Т4 = 1129 К 

c = 0.7172 kJ/kg:K 

у, = 0.861 m?/kg 

k= 1.4 

W.y4,/m = 805.2 kJ/kg 
п = 0.5722 

Ta = 2658 K 

mep = 1060 kPa 





0 2 4 6 8 10 12 
r 
0 2 4 6 8 10 12 


PROBLEM 9.3 
KNOWN. An air-standard Otto cycle has a Kroum con pres t! ov. neto, 
о. speeshred State at 454. loe ginning of compressi on, and a spe uf eg 
MAL Mu I их tempera tare. 

END: Determine (a) + heat added, (o) net work, Cc) the pruned etree ney 
(d) mean affect ve pressuve, Also, (e) develop a full Account ng of tha. 
exer trans erra cd HO hoad addition ana (f) device andevaluate an 
exe rgehc etr Gents А 

ScHeMAmc £ GIVEN DATA! Р 


aie ها‎ 


ASSUMPTIONS: See Example 4.1 
Also, let Т = 240) Po = I bar. 


VIN, > 8 
д = | bar 


E 
4 > Чоо Cw? 











ANMNS\S; First, fix each of He principal states of На — C Table &- 22), 
State л: Р = Ibar, T, = 290K => u, = 206.9) ETlkg ‚лу, = 616,1 
Stake 2: For isentropic compression, Up, = Uri ¥z/y,) = — - 84. 5125 
Thus, T, = 652.4 K ,u, x 4*5. ETlka 
State 3. Tz = 2200K > Uys 1872.4 kT lke Urs = 4.012. 
Stee 4: For isentropic expansion, Ury = Uy, ( М/у.) = veg ( Vi/v,) = 16.046 
Thus, Ty * 1154.2 Е. Uy = 847.3 kT by 
(e) Te find the Th o dd chow , fst delere dhe mass of aw 

















ms ВУ" С 1 вом )Счоо см3) | ох wy] IkT || 1m | 
RT, 783w ырбы ( Л УУ Hines. 
Кс z ET) (240k) | bay fi 10° М-м. 10° tm3 
thus © 
очлы) = as C5 


©з» = не рн =(4. 866Xi0 )(1872.4 - 415.) 
Q23 


O.OTIS kT. 
(b) To find the net work, note tuat Wee = Reyele 50 
Weyde = Q4 - Qy = Q,47 MlUY-YW) 
= O.bTIS -(4.B00K107%) ( 897.3 - 206.41) = 0.3397 үу. Моде 


(С) Thea Harma | efteren cy 15 


_ Waele _ 1.3397 . о У. 
Yr — = — Fe t050 (50.6%) 


(d) The meau e ^t ectue. pressure 15 QN Фм. by 


mep = a " W 
| | oe qe cw? 
LO? Nim? P" 


У-у. OV (1-м. 
tusev ting ree 
_ (0.3347 єз) 


“oo em?) Ci- E) 
= 9.1[ bar 


lo Nm 
Me 








\ У 
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PROBLEM 9-3 (contd. ) 


(e) Since the heat адас сл Process 2-3 involves no work oy volume. 
change and occurs  corft-ect interne irre verti тех, an exergy 
balance ^2éíocet to Arad 


0 E3-E,=- D-72156 - P p, A] -54s 22 Еа -= E-E. 
Eq Q23 о 
Than, usc Tie C4. 7.40 ر‎ E4-E, = (O3 - 0) + Po -Va )- ToC S3-S2) 


> tas QoS) = ҹә setts) secre) - Ee IA) 


Since Va We, Ps [Ё, = a 
Go ole je “Totes А-2 ا‎ 2. 


- _ 9.4! 2.0 ux - 
Eq = 0.6145 — (4.80 6X10 +140) 3.24! — 2.43753 — Jaa 220 | = 0.522 к |] 


he net exergy transfer ра уа work to obtained — follows: 
Paocecs 1-2: Ew z We PEV ) Process 2-3: Ew -Wez - PAV 
2? (Ем) сч cte z Wede = 0.3347 kJ 


Teataja еам естон hand л echan w Obfnvned oo above. 
о oe | | 
Eas U- Ua) + ET) To (S 754) . Since WV, PIN TITY, ond wege? 
= ч ‚4ч - 831. 
2 м | G4) - To (s, Sa -RaT ) = (4.06¥ 6. 5923) 


: до m | 
-290 ( «802 -3:23:45 — SEW 212] – 0.1923 v3 


Tw Summary: 


Exergy ain: O.S ЕЈ (100% ) 
"Disposi мо the 
Gre": 


tf Out 
ee ae 0.3347 (25.1%) 


heat + O92 3 (34.9%) 


e . Cre «дех Кәеф O 
| о. StU 





£. An exerge hic eff ciency w thus: case can Ка weri New I — 
feo A tua desired energy output ( و‎ trans far cere p tena, 1 
yet work developed) +o the exersy added. 84 iO specéco of To 
above Summary, Ue qet € = G3.1 i 


L Alternatively fw the internally reversible process we can write 
3 ENS. r. » ai SQ - — TT, С $3 ~ 
Eq = ne $ 5® = Сәл N = Ru- т CS3 5) 


d: Sige ficant internat wrevortibilu Het are present ui achat interna, 
comb f how en wnes - Ас соғ bry ly, зди фс ол exersy dartvec hon 
Occurs within suvun ا‎ nts and +e evervsgehe effc cm wouid lat ул» ch 0955 
han determined Иеге“ 
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PROBLEM 4.4 


The data fer the required plots are в рохе using IT, AS foUows. See. Problem 4.3 
for Sample calculations for He case of r=8. 


IT Code 

EI m * (u3 - u2) = Q23-W23  //kJ 
p121 //bar eee 

T1=290 //K Weycle = Qcycle // kJ 

V1 = 400 // cm? Woycle / m = Q23/m-Q41/m 
T3-2200 //K G4 uec 


v1 = v ТР("Аіг",Т1,р1) 
v1 = (V1/ 10^6) / m 
s1 = $ TP('"Air", T1, p1) 


eta = Wcycle / Q23 
тер = Woycle * ( 1043 / 10^5) / ((V1/ 10 ^6) * (1- 1/r)) //bar 


IT results for r = 8 


u1 = и Т("Аіг", T1) О4 = 0.3312 kJ 
52 = 51 Т = 652.4 К 
v2=vi/r Т4 = 1158 К 
52 = $ TP('Air", Т2, p2) u, = 206.8 kJ 
v2 = v ТР("Ай",Т2, p2) u2 = 474.9 kJ 
u2 = и Т("Аі", T2) из = 1871 КЈ 
v3 = №2 u4 = 896 kJ 
u3 = и T("Air", T3) T3 = 2200 K 


v3 = v_TP(‘Air", T3,p3) 
s3-s ТР("Аіг", ТЗ, рз 





Оз = 0.6707 kJ 


Е n = 0.5062 
s4 = 53 тер = 9.7 раг 
v4 = v ТР("Аіг",Т4,р4) 0.6 
54 = s ТР("Аіг", Т4, p4) | 
u4 = ч Т("Аіг", T4) 05 
PLOTS: ii 
c 03 
0.2 
= 0.1 
© 0 
z 2 3 4 5 6 7 8 9 10 11 12 
> r 
© 10 
o 9 
—e— network 
лс heatin 8 
7 
2 з 4 5 6 7 8 9 10 11 12 5 6 
r = 5 
Ф 
* E i 
As Seen tu He accompanying plots, bolt 3 
И ond mep increase with е, а 
Compression Сао үү. Sikce Ty is Constomt, 
eee input decreases ama The net : 
work wcreases WIM v. 2 3 4 5 6 7 8 9 10 11 12 


PROBLEM 1.5 


кю оолу: А Cold arr -standard Oto cycle has a known Sele AU STU OE redo 
a spec fred State. at tha be sinning of Сомо SSI ON ) and a. speatiod™ 
maximum temperature. 

FIND: Determine (а) {ha Lont added, (о) net work, Cc) therm os 
effiuency | (4) WAL ^m effect ye f SPE Also, (e) develop a fali e 
acc oun hng Of the ёж er trans ferre d during baal addition and 

(f) deuise and evaluate on energeh-< eff — 











SCHEMATIC $ GIVEN) DATA 3 
2 
— 
У, v = 8 
P, = thar 

е 4 тп 260 
ASSUMPTIONS: Same as Exawple 2,1 V, = uoo см? 
А ISO, оч me Constant 
Specitic heats evaluated at Зоок AT 


And let То = 240K, р. =| bar. 


ANALYSIS: First, determine the ternpevatuve at eack рузй сере! € lade 
of На Cycle . Ta 290K is given. F | 
State 2: For isentropic Compression s T, =(Vi/va) T, = b66.2. K 
wWheve k=1.4 from Table A- 20 
State 3: Tz = 2200K is given. 
Shue 4: For ise ntrup ie EK PQS , 


Ty = ха.) т» «(X5 = 451.6 K 


(A) To find the heat a. dd chew. , first detevmine the mass of aur 














m = M C I bar)(4oo cm?) об | 
RT, bos 806 X6" 
gam ы ibar ©? Nem Пее см? one i t. k4 


0 
ev | 
Th Yn(Q4-Uu.) = Qs -23 > Mm СТ: Т.У = Q23 


Qaa 24-80 хо” )(.118 E rk) (2206- соолук 





= 0,5293 kT б» 
(6) То find the net wore , vote that Weiycle = Qcycle JS 
Мода = Q23 — Qu, = Qas — мост 7T.) 
= 0.5243 – (Ч. 8оьхасЧ )C,18) (957.6 - 240) 
= 0.2984 kT “ае. 





(c) The thermal efficienw AS 


. WNeycle _ 0.2484 _ А 
LAN —“ бє сл "0395 (56.5%) м. 


(d) The mean efectwvue pressure “us o by 
Mep = Weyele x МУ co cle 
Vi - Va ^C NCI) 
Tnsertiug values 


мер = (0,2484 kT) a | ) bar ad 





(400cw3Y(1- Ув) | 13 ff 105 Nima || 1 m3 


= 8.54 ber ep 
9-9 


PPOBLEM 9.5 Contd.) 


(e) Since the hoat adds о Aroce ss involves мо interned (reet rada l Aes, 
безеу trans fay accompmians Lane transfy Coe he ЕЛС quo з al od 
3 


3 
Eq = L £ T ) ۵ = ©»; -T (G9). = Q3 -To(Ss -52 ) 
Thre Same Assult Con kae ob L'*-ned hy ла du eins, an — ет. lo oRauce: 


3 Е д 
E-E;-j Lt з JSR -J - eat ]- ga = Еф -E,-U0. Then, with ES. 7,0 
Em 


о 

Ев = (04-0, ) + Po(VA-Vi)-TeS3-S2) = Q – 7052-92 ). WIth с fra. Table A-20 

Ga 

Eq = 0.6245 - (4500 oco] eos An 2205. — Фау 
lot 


=m (<p ints _ Rin Ра 
P T2. | 
666.2 


2200 P2 


—— — |=0.4 ьт T3 cince Vs V. 
2831 666.2% ott eJ ry, 57865372 
net еее 4 ALANS far aces mapaning wori w ebed an felltwe! 

о 


© 
Process (-2: Ew: УЛ» - ЖАЛ ) Prowse 2-3: Ew = NJ.3- PAT 


(Ewey ele = Wey دعك‎ 0.294] с 


“The 


Mn ergy rote a жаш: US Wand A34 e chro о obfmned صت‎ a bown: 
Eq = Ui-Ua + бо) - C97 $42 


W^ Lev (T, -Ta ) — fo (ср dw 4- R i] 


V 


u 


s = зао _ 8.31Ч 24, 230 
вохи. 0.H18( 240 – 3516) - sto (oes Me TEE, - орар aE 4 


u 


~ 0.108 €) 


Than SU ve ил ev с]! 


Єкет yy 3n: O-4041 KI C100 %) 


Disnetrhmof 


е Exerqn, Out 0.24% a (43%) 
„мер Werle 


ME o. 1106 (27%) 
® ‚ Exatgy Des hoye“ О 





(4) Ам. ёжоуа е a усл и c. e floc cafe Car d wri tee. as thse ratio 
of +h, Woo, red ty er outpue( ажаа tres] e. CCAn вл et ha 
net world deyatoped) “ts | 
TU M^, We 


T9 Аму added, By unmec ha. N T ^ a boe 
veu qr LM 
lL Sig an S inet геу ема tines e рдл ўи iw achat internrar 

Combush m € ~a مق‎ > According | {245 “= Cant energy, das kucha. occurs 
u Soul. engines and the Marge Кс аел ем woni be moch kasr than 
detervunad hwe. 
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PROBLEM а. о 
KNOWN: The cycle in Problem 4.3 modelis o processes n б four-cylinder 
eng ne Operating at 1200 CA4eles. per mute . 
EIND.: Determine the net power output. 
SHEMATIC 4 GIVEN DATA: See Problem 4.3. 
ASSUMPTIONS: See Problem 7,3. 
ANALYSIS: From tha Solution Ҷо Problem 4.3, the net voovle tn me 
uslinder, per cycle, is 
Weyde = 0.3321 k3/ cde 
Tis : 0.3397 kT /e cle Р cle ni | |1 lew 
Vosa, 7 Ише одев) oo tit pen 


min ДЬО 5 [| t lle 
= QT kW W 











PROBLEM 9.7 


Ë [ tio 
KNOWN: Ам aw-standard Otto ele has а. моим compress(on үа: 
Oud б. specified state о beginning of Compression , The heat 
addition ger unit mass of QL IS given. 
EiNb: Determine Car The Maximum Temperate , Cb) +he maximum 
pressuve , aud (су tha Hrev mal ef-icrency. (d) Plot * aee 


qva. thes Versu) Compassion raho. 





C V | * 2 
SCHEMAN IVEN DATA p 2 Qaz = boo Bhı/ 
vivus © 
т; = 520 °R 
2. Р 2493.2 ШАСЫ 
+ 





ASSUMPTIONS. Same as Example 4.1 


і 





ANALYSIS: (6) To determine T3, begiu by fixing Stecte 2. — the 
ISeutropric Covmpressvow 
۷ 158.58 
Vea? Val E) = T = 3 
Where data for aw is oblained from Table А- 22E. thus, for м 22643, 


Т, 2 (051.496. И. IBI Blusib. The enevgy balance for process 2-3 

о 

s V [uS -м. 7 = Gas = Уй» 
ir а ES peu = boo BES + өлү BY = 121.14 екл 

Tus, from Table A-2276, т, 23861°e T 





(b) Te £d. р, Fst Aelermiwe р. . For Ha isentropic compression 


Te? Р Ta = Q42) 478 | 2172.78 lot lint 
Pei 1,2197 


Now, since Vaa Vo, 5 СА = ep, = 634.5 Ши? Їз 





(C) To determine thea Mun vol еН стел. ‚ first hud Ha net work. that is 
Weyele 
CARS = Sab o- Ss бз - cag up 

Te fix slate 4, Consider the expansion process 


Ат = 47, (Уч. = Vi = = 
r4 r3 z | Ura (У: | (.50%5 ) (6) 3.057 
Thus , T x 2228 °R and Uy = 414,35 aud the net worle ic 


Negele = ооо — (414.35 - 88.62) = 2143.21 &W./lb 
Finally, the fhoyvmel efficiency ts 


Y= Weycle / v. . 214.71 


Qasim boo ` 0.457 (43.7%) VW 


et — — — 
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PROBLEM 4.1 (Cow d.) 


(d| The data fov fre req uwod plots are obtained и ing IT as follows; 


IT Code V4=r*v3 

г= 6 54 = 53 

p1 = 14.2 J/Ibf/in? V4 = ү ТР("Аіг",Т4,р4) 

Т1 = 520 //°R 54 = 5 TP('Air", T4, p4) 

Q23 / т = 600 //Btu/lb uá-u Т("Аі", Т4) — 

т=1 //Assume a unit mass of 1 Ib. Weycle / m = Q23 / т - Q41 / m 
- "A LH Q41/ m = u4 - u1 

v1 = v_TP(AIr',T1,p1) eta = Wcycle / Q23 


51 =5_ТР("Ай", T1, p1) 
ut = u_T( "Air", Т1) 


S2 = s1 
v2avt/r o — IT Results for r = 6 
S2 = s_TP("Air", T2, p2) | 
v2 = v. TP("Air", T2,p2) T2 = 1051 °R 
u2 = и Т("Аї", T2) T4 = 2229 °R 
үз = v2 р; = 172.1 Ibf/in.? 
т * (u3 - u2) = Q23 - W23 u, = 88.73 Btu/Ib 
W23 = 0 u2 = 181.6 Btu/lb 
u3 = u_T("Air", T3) из = 781.6 Btu/lb 
v3 = v. TP("Air", T3,p3) u4 7 415.4 Btu/lb 
53 = $ TP("Air", T3, p3) | | Woycie/lb = 273.3 Btu/lb 
Q44/lb = 326.7 Btu/lb 
Тз = 3865 ^R 
. рз = 633.2 Ibf/in.? 
PLOTS: n = 0.4555 
4500 2500 
4000 — 
3500 — 2000 
3000 m 
T 2500 E 1599 
3 2 
pay  & 1000 
1500 
1000 500 
500 
0 : 0 
0 2 4 6 8 10 12 14 16 18 0 2 4 6 8 10 12 14 16 18 
r r 
0.7 
0.6 
0.5 
0.4 
= 
0.3 
0.2 
0.1 
0 


0 2 4 6 8 10 12 14 16 18 
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PROBLEM 4. $ 


known: A cold air- standard Otto ug cle has a known compression 
Vatio onda Specified chate at the begiuning of compre ssiow, The 
heat addition per Unt mass of aur 15 given. 


FIND: “Determine Ca) ғ. Woy i maw temperature No) fire WALK (ИАА ИА. 
pressure , aud (c) the Harwal efficiency. (d) Plot these gvanhtes 
Vercug Compression rato. | 


SCHEMATIC à GIVEN DATA 





ASSUMPTIONS’. Same as Exawple 4.۱. 
А\ѕо ) assume Constant 
Specific heats evaluated ak S209R, 


ANALYSIS: To determine т, begin by evaluating Te. For He белер 
COMPTESS су Vy k=l .401 
T.:(X) T -(e) (гое) = 1666-1 °R 
where k 21,800. from Table A- 20€. the energy balance for process 2-3 is 
© 
MLA gz) = Q23 -Wia > Qars = G-CTu Тт.) 





Tuus _ Qas Bly 
J + T, = bOO Bib 4 1o61 *R 
үм Cx A11 Bhuto % 
= 4575,5 °R T3 





(b) To {мА Рз › Pest — Pa - Бос Ae [Seutropic compression 
=, 2 \к-\ = - 2 
Р, (= | e, = 119.8 bfin 





Now, Shee Му *Vz у p, = 2 р, = 144.9 ww: Рэ 
(c) The лоск l efficiency cau be cetarmised using е4. 4.8 


Mn 15 ска я . 





См уу" 
" \ 
= | - E = 0.5125 (51.2570) WwW 
(а) The dada for ha equ ed plots are obtained using LT, as follows : 

IT Code 
p1 = 14.2 // Ibf/in.? 
Т1 = 520 //°R 
r-6 


Q23 = 600 // Btu 

m = 1 // Assume a unit mass of 1 Ib. 
cv = cv Т("Аіг", T1) 

ср = cp T('"Air', T1) 


k = cp / су IT Results for r = 6 
T2 1066 

(T2 / T1) = r(k - 1) T3 4573 

Q23 = т * су * (T3 - T2) eta 0.512 

(p2 / p1) = (T2 / T1(k / (К - 1)) k 1.4 

рз/р2 = T3/T2 р2 174.6 

eta = 1 - 1 / (r^(k- 1)) p3 749.3 
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PROBLEM 9.8 (Cowt'd.) 


PLOTS : 


Тз (^R) 


рз (Ibf/in.2) 


5000 


4000 


3000 


2000 


1000 


e 
N 
A 


6 8 10 12 14 16 18 


2500 


2000 


1500 


1000 


900 


10 12 14 16 18 


0.7 


0.6 


0.5 


0.4 


0.3 


0.2 


0.1 


© 
М 
A 
Oo 


8 10 12 14 16 18 
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PROBLEM 2.9 


KNOWN: Anaw-standard Oto cycle has known conditions at the begin- 
ning of compression, The maximum cycle temperature Varies over 
A Given range and the compression ratio Мез ои spectfied values, 


EIND: Plot theymal efficiency aud mean effectwe pressure versus 
maximum cycle femperature fer each conpression rat co. 







40004 T; € 6000?€ 
r= V, lv, 76, lo 


P 214.7 lotlin* 
Т, = 530°R 





А PTIONS: Same as Example 2.1. 


F 
ANALY 515 : Sample colt lotir. foc «=8, Т: 2 2000°R Using Table А-22 Е. 
From Table A-22E , и, 240.53 ilo, v, = 151.38. For the compression process 


Up. C) Ur, = ($) 051.36) = 18.9225 


Tus, T, = 140.1?€ and Uy = 201.33 BILL. 
For various Values ef Tz, Us and Uy, can be determined from Table 4-228. 
Then, Slate 4 is Fixed using the relation fer the isentropic expansion 
= (ч = А, 
Ure = а.) Ус» Gz ) Urs 
and Uy con be evaluated from the {tabular data. for T, =2000°R 
U, = 367.61 ВАЛЬ, 5 4258, Upy = 34.064, Uy = 164.23 Btu! lb 
Continucng for his case, the heat added {о the cycle 15 
б 
CS = и-и, 7(69.28 Bu |b 
aud the heat rejected is 


Q Е 
— = Uy-U, = 12.4 
Thus , the thermal efti enuy is 
Us - p.534 (53.99 )a М 


Qa2[ mM 


The mean effeckve pressure 15 


mep = Weycle Р Wade [m _ ©з» [үм - Quilw 
М.-М. Ui (1- л) vw ({- Valu) 


4—0 


PROBLEM 97.9 CCont'd) 


Evaluati; =" v, 


AL. (sex fu) ES |сззо-ез| iet e 


-13.25 £43/ | 





C14. UE) 144 ти 
(60.28 ~ 73.4) 8/lb £+. 0b 042. 
loo. B 178 ell i | 
misa 2 E : 
(13.35 4I) (L-. 2) Leu. fias! ^ 3115 bela ар 











The data for Не required plots ave obtained using IT, as follows: 


IT Code 


r=8 

p1214.7 //Ibf/in? 

112530 //°R 

T322000 //°R 

m1 // assume a unit mass of 1 Ib. 


v1 = v TP('Air',T1,p1) 
51 = 5 TP('Air", T1, p1) 
u1 = и Т("Аіг", T1) 

52 = 51 

v2 = мі /r 

52 = $ ТР("Аі", T2, p2) 
v2 = у ТР("Аіг",Т2,р2) 
u2 = и Т("Аіг", T2) 

v3 = v2 

u3 = и Т("Аіг", T3) 

v3 = v TP("Air", T3,p3) 
53 = 5 ТР("Аї", ТЗ, p3) 
vá = г * уЗ 

54 = 53 

v4 = v ТР("Аіг",Т4,р4) 
54 = 5 ТР("Аіг", T4, p4) 
u4 = и Т("Аіг", T4) 


PLOTS. 


0.6 
0.55 
0.5 
0.45 


0.4 
2000 2500 3000 


Ts (^R) 


pee isentropic Functions 17.07) ала 


3500 4000 4500 5000 


Woycle = Q23 - Q41 

Q23 = m * (u3 - u2) 

Q41 =m * (u4 - u1) 

eta = Woycle / Q23 

V1 = v1 * т 

V2=v2*m 

тер = Woycle * (778 / 144) / (V1 - V2) 


IT Results for r = 8, T} = 2000°R 


T2=1191°R 

T47 953.6°R 

p» = 264.2 Ibf/in ? 

рз = 443.8 Ibf/in.? 

v1 = 13.35 #2/6 

Q>3/m = 160 Btu/lb 
Qa44/m = 73.73 Btu/lb 
Weycte/M = 86.29 Btu/Ib 
n = 0.5393 

тер = 39.9 Ibf/in.? 





200 


160 


120 


80 


тер (lbff/in.?) 





4500 5000 


3000 3500 4000 
Ts (^R) 
. Note that IT evaluates SCT, p) — ‚ and tus does wot utilize the 


2000 2500 


PrCT) as iu Table A-22E. 
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PROBLEM 2.10 


KNOWN: Acold air-standard Oto cycle has lenown conditions at the 
beginning ef compression. The maximum Cycle temperature varies 
ovev & given range and the Compression ratio takes on Specified Values. 


END: Plot thermal efficiency and mean eflectwe ressure versus 
Maximum cycle Temperature foreach Compression ratio, 


SCHEMATIC £ GIVEN DATA: See Solution To Problem 7.4. 
ASSUMPTIONS: Same as Example 4.1 and =1.4. 


ANALYSIS: First, deteymine the temperature at each principal state. T, is 
given, and ra=U,/Ua is specified. 


Stafe 2: Tseutropic Compression s Tz >), v Y n 
Also, for a particular value ef Тз 

Stet: Ty = (Glu, ) т, = (Vul) T 
Thus, with lest4 ‚ бу Can be determined from Table 4-20 (Ge = 0.171 Blu/lb“e) 
The thermal efficiency 1s 


етая "pz 
ом. а А Е 
ыз = Co CT; -Ta ) › ач 2 Os (Ty-T,) => Werte - és [Ct T-T, J] 
mep Е W e4cle [v^ = ¢,((1;-Te) -CT4-T)3] 
75, (\— Velv,) V. (1~ Vr) 


Plotting fer v =6,8,10 amd maximum cycle temperatures ranging 
from 2000 to S000°R : | 


0.70 


200 
0.65 


о 
e 


0.60 


N 
о 


т 0.55 


тер - ibf/in? 


0.50 


0.45 


r= 1 
r= 8 
r= 6 





A со 
о о 


0.40 0 
2000 2500 3000 3500 4000 4500 5000 2000 2500 3000 3500 4000 4500 5000 


Maximum temperture - °R Maximum temperature - °R 


ж 
PROBLEM Я. 11 


KNown: An aw- Standard Otto cycle has a known compression ratio and 
a Specified state at the begianing of Compression. The heat 
addition and the maximum cycle tenperatuve are gwen. 


FIND: Determine (a) the heat rejection , (b) the net worle, сс) the Hermal 
efficiency, and Cd) the mean effectwe pressure. 


SCHEMATIC £ GIVEN 






T3* 4060 K 


VIV, = 1.5 





m 2а 4 = 0.00 2, сс 4 P = 8S kPa 
ASSUMPTIONS. Same as m Cxowple 4.4 | 


А 17 
ÀNAMSAS: From the gwen dota >, = 305K j А, = 211,0] [ka > Ve, = SQ6.0 , 
Aso, $oc T4 = 460 К: uà = 125,02. WS lkg , Uc; *29,u0. 
For Mz istutvopic compression 


Vea? Fue, = (45) 540.0 =14.97 
Twa, TT, > 367.4 K ور‎ = YS6,17 YT | kg. Similarly, for tho expansie 
ы = (1.5) 29.40 =213,0 


ves 
Thee, Ty = USRI Y ,u« = 323,00 К. 
(a) Consider an enevgy balauce for process 2-3 
Съз = Yn Cu 47 UL) = (0.002 kq)(125.02 ~ 48.71) kT /kg 0,4105 


Qud for process 4-1 


Qu, = m Aq-U,) = (0,007 leq) (323.01 - 2. C101 0S / leq 
20.242271 ES qe dt 


- М E 
Ory = Уса = 


(b) The net work is 
Weyde = Qız- 094. = 0.9105 - 0,2217 20.2538 LT Моде 
с) The thermal efficieny T3 











Weye — 
Ws TSS = 0935 (53.3%) у. 
23 | 
(d) To dekermine the meau eXkectw o. pressure , first ФА М, 
sol ; 
ye MRT (100% kg) (8094 сею Meta [Pul Loin 
ý ( 8S kPa) 05 N/m l|. bled 
Thus S 
we, < Wee C9538 KI) Руы) Life 
У-У У, C= Му) ( 2.006 xo Fw? (I = 9 eT vo? Nin? 














= (42,2. К Fa. — — E The; 
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PROBLEM 4.12. 


KNOWN: A cold aty-standard Otfo cycle has a known compression ratio 
anda ѕрес ей state at the end of the expansion process. The 
Neat re jec fion per unit mass of aw ts also gwevn . 

FIND: Detevmineca) the net work per unit mass ofair, СЬ) the thermal 
Cficiency, and Се) the mean effective pressure. 


SCHEMATIC Ф GIVEN DATA. 












P Quim = Slo 6h./lL 
V/V, = 4 
2. 4 | 
= Ty 100% _ 
ASSUMPTIONS? Same as tn Example 4. | | fs ыи 
and К 21.4 . = 
ANALYSIS: Using +he given heat rejection, ач. /m = Uy-U, . Thus, with 
AU = & AT amd с, = 0.172 Bhislb-°R from Table A-206 
T,= Та Qa = (000 - = = Soo R 





m. Cr CaaS, 
For the isentropic Compression T2/t, =(U, /Uz) * therefore 


T, = (93 (soo) = 1204.1 °R 
Also, for the isentropic expan slon " 
= (Uy | = (Ur = e 
T3 c pm (ж) Ty = 240% 2°R 


(оу The net worle per ut mass et awr LS 
W | 
ا‎ i 3:3 _ 0ч, = GC T3-Tz)- E = (24.41 Głu/lba — \Чоде/һ cle/m 





да! 
(p) The thermal efficiency 15 
е Ба И cp eee ieee) ^ 
M7 Qalm — CeCTg- T) OIU 7 и 


(c) The mean effectwe pressure Is дімелл м 


mep = ари, = Nee lm се |мл 
М-М, ал (1 М/у, 


Evaluating the specific volume (U, = Uy) 
ia ш Er — A z Lf |. “one ЕЛ 
1 P4 (95 (belie) чч «el 7 
Thus 
CILI Gharib) | 1 4? 


үм 178 ft-lbf | | 
d (3.948 43/15) (1- Yq) H44 it 188. ꝰ пиар 


| Ha 
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PROBLEM 9.13 


KNoww! An air-standavd Oto сіе is modified by replacing the 
(Seutrop ie ession and ехрслл Гом. processes wit poy- 
lw processes having у. =1.3. The compress ton ratio, state at 
We btaiuming of Compression, and the maximum cycle tewp- 
evature are all kuoum. 


EIND: Determine (a) the heat transfer and work, per uwt mass, 
for each process in fre шуде, (6 the Hermal effrciencsy, and 


v.e. 
SCHEMATIC É GIVEN DATA: (C) the mean effect 


Pres cured, 







Az 
352 
00 






ASSUMPTIONS : (1) The aw is the closed 
system. (2) The Compression aud е SI 
focesses are olutropic , cack with wats. 
BAM processes are internally reveysible, 

(а) the aur behaves as Фм ideal gas. v- 

(5) Kinetic omd potential enevgy effects ave 

negligible, 


ANALYSIS; Begin by duas each et tre four puna pod. States. win Ti = 300K, 
Taule A-V quy Ui = 21407 Kleg, Next, using CF z. fw {oe polytep'c 
Cowo 5 $6 Un 
w-! 0.3 
тат] Ж] = Goel] =SB0K . wiin THAD, ua = SEES. 
Since T3 = 2000€ , Uz > 16767 «2169. Por the poly Per с € (24 A Sin. 


e 0.3 : 
Tas REPT wool d] = зук , and олт F10 Kaley 


Also, 


(4) Cousidsr tact (99:6 اہ‎ evi es, Benn ку u i ح۸‎ (^9 c l-z.. wim 4.2.52 


Wi. Ü dus RIR-T) = (6.3/4/28.41- €3|kg- c) C 560 — 300) IC ~ 267.4 #0 | т 
— ^з р —— 5 © 


Au energy baian сл. < veo 


Qe .(u.-u)e V = GIAST— 7) — 20057 — 62-42 169/14 + 
ve we 
Peecess 273: “М3 = О and an b nlaw te TU سه‎ 
2 I234, 169 Jie 
Qu . (uy-u) . 6787-44-57) S415 єз fies a 
(лос 3- Ч: $49 54۰3۰57 
RITH). (9-3/2847) 6:035 -2000) = 423.1 2/4 "- 
\ 


Y 
Sy 7 fa — T€ - соз) 


Ara е Эма UO e. VA Ct مس به‎ © 3¥, ua 2(ugq-43) A Wf هھ )33.45 =%23.1+ )678.7( -00 .739( < ہی‎ 


Prowss¥-(: Мт О aud o. ane Ау бед. Зу Р 
—-— 


© ea - u,-uq = 214.07- 764.oy = - ST. AY єс 
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PROBLEM 9.13 C Cond. ) 
(P) Tha em e eie оу to Y) = Wwerele/a) ain/m) | “na 


Werte „ Wit Му 2 -267.9 44211 = GSV.2 2| ies 
w m “ж 


Qi „ Фәр 4 QY. 125415 + 33-452 (2.42.6 € d] ko 
ha. W^ nA 
Thise 
Y= 2852 . осот С%.7%) an 


1292.0 


(с) “TMs mean Hts ممت‎ [задә чә 


mep: Wey مھ‎ [on — 











Sy- А 7 Fijt- Vv 
i zu L Ax] 
bw Ware 
~ Ry. /ESIY NY 
= de ee esie )(®%°°Е) о. ви lis 
los Nim*> 
“Than 
3 
_ OS. к 3/Kk$ tor Meer by Loer. |= B.S bar FEL 
| Les ют м/м? 


` (озыне )[:- 4] 


|. Rw Any Cq مع‎ Qey = Lveqeha. tu tore Ca, V cyclef wy = C ST. 2 i 9/ les 


and 


Meyer, -~ 


nn 


Which tre Ao US Clokuned wa porta). 


_ з.ч а YIS + 337 - 914. 19 = 655.2. 69/5 


Q-22. 


ES 
PROBLEM 4.14 


KNOWN: The bore, stroke, clearance volume, avd Speed et crauleshaft 
votation of a four-stroke fowr-wuliudey меси] combustior 
enacue ave kuown. The processes Within the cylinders ave 
modeled by an Otto cycle with a known Siete at the 
bequun ng ot Compression Oud maximum деде tenpevature. 

FIND: Determine the wet worl per ey cle and the power developed 
by the engine. 


SCHEMATIC 2 GIVEN ФАТА: 


X 
| н N 3000 26, P 
— 


bore = 3,55 \ Ae 
stroke =2.10 im. 


Assumetions: Assumphons of Otto cycle 
are the Same as in Exanple 4.1 
ANALYSIS: Using the given dato., 


- = bore)” ae (255) (2.0) جا تہ‎ 
nw — о нЕ E | 12? ім? 











wid. Vaz ONT) Vi = 0.001051“ . Thus, the mass of awr is 
eM Ч.о "ffr ua: \( 0,007053 {үз ` a 
Е RI * 545 sae (S60 CR) E Pr = 0,000441 |b 
(1555 EM | 


Next, Lixeack of the Qr cool exodes of Ha очса. From Tabie A- 22E, 
at Tz $60 PR; U= 45,97 Beh vez ULIS , 
Thus, for the isentropic Com Press tou. 

Vea = ЖЕ uw = (0.12) 151.18 =IS.&| 

i 
Thus, we get чо = 222.48 Bhu/ib At T4 5200° > U4 = 1038.0 eil 
amd лез 70.1828, For the isentropic Cxpausion 
ш У _ № > 

Ue Fe Veg = G Ves > 555 

Asrng Tos, We Get (А4 = S 34,604 BHi. 


The vek Worle pew cycle 15 
Wyde = Qis- Qa = M usus) - Cuq-w)] 
= (0,000 497 Ib) (109,0 —t2.49)— ($34.69 -95,41)] BG, 





= QA UT eiu. W de 
For a fowr- stoke enqwe , Ҹһ. ‘Us lated once for every two | 
Vevolutrvens ot Mo cromksheft. For fowr aa The net power S 
Ww = (A) ( (00 caclesl mu OI | NL IP cess Ww 
nex 209€ cycles! min )( 7 Bu] oda | 2342 mma 36.9 hp rot 


PROBLEM 4.157 


Keown: For an ain—Stendard ОТО cycle, tha State at th beginus ng of 
COw-pAe$$í/On and The V м ои cycle tem perature are known., 

FIND: Plot the nat work per vwt mass j the thermet efl ele 04, 
and Fhar wean effective Pressure versus Com pae $54 бл ra о ат а, Frown 
2 +o 14. 

уснтмАТ‹С GIVIN DATA: ASTOMPTIONIIS: See Exawple 8.1. 


: T3= Zoools 






Vi 
2. 4 Ya. 


P > lear 
I T= 7000 
АГ 
Ausysis: The followivea Vea Sev vag is used. lo solve the poblem : 
l. Given values of RT, ү, amd Ts. 
2. Fiv stade 2 Using ideal gas yelations aud SCTP) = SCR, Pa). When Using 
Table А-22 , Hiis is expressedin forms of ve, [V = Iv. 
3. Use А = Us amel the idea gar model {o get R. 
4. Fix stade 4 25 in step 2° use SCT, Ps) = 5٤اور‎ P4) jov Urs [ллу 17 /Uz. 
Now ,using energy balances, and the fact Hot М. з = Ма =0 


@„» = "CAS -Us) (1) 
Qa, = MWlu,-Ua) (2) 
Furlan, tor the 
W [m= Qos/m t Qa lv. (3) 
amd y= Weyete/e з (4) 


КА _ ET, М 
“ч LU ты mep = ETT (5) 


[res] From Table 4-22 ak р = tbar, T= 300K 5 
4,2 214.07 kJ/kg, ^A, 2021.2. . Thus 
Ve Yee e Бу, = (B) Genial 124.28 PÛ, рш, 
Hen ne wg 457 16787 ЕТ , y= 2-716 . Thus, for she 4 
i; > AE ®ду 55 5 06213.85 Ф TG 1210.32 К, ш 3941.82. К/К. 


Thus, with C1 -= CS) 
Можда [m = CUg U) FCU, -U4) = (1618.7- 408.0)*( 214.07- 947,82 ) 
2 _ , Neu де [hv 
1270.1 -133.15 = 53645 LT (lg «— — —— ار‎ 





Олд 
3600.45 
"E — = 0.4226 (42.26%) 5 
Finally (8 groo) |_| vac |a = 0. 861 m/l 
t q bar) P Nim | ЕТ 





_ 5 kT/ ka — {Рас |. me 
—— TOCA \ КГ ito Шу] 1745 bara P 
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PROBLEM 9.15 С Смі а. ) 


IT Solution. The dafa lor the requwed plots are obfniued using IT, as follows: 





IT Code 
p1=1 //bar 
T1 = 300 //K 
r=5 
ТЗ = 2000 //K 
т = 1 // Assume a unit mass of 1 kg. Q23 = m * (иЗ - u2) 
"Ан Q41 = m * (u1 - u4 
vi = v_TP("Air", T1, pt) Weycle = 22: E n 
s1 = 5 ТР("Аіг", T1, p1) _ 
= о T'AI T1 eta = Weycle / Q23 
ut zu TCAIP, T1) mep = (Weycle / (m * v1 * (1 - 1/0) / 100. // bar 
v2 = vi /r 
v2 = v TP('Air", T2,p2) 
52 = 5 TP('Air', T2, p2) 
52 = 51 = 
u2 = и T("Air", T2) IT Results for r = 5 
v3 = v TP('"Air", T3, p3) T> = 564.6 K 
v3 = v2 Т4 = 1215 К 
из = и T(Air', T3) рз = 33.33 Баг 
53 = $ TP('Air', T3, p3) v1 = 0.861 m?/kg 
v4 = v1 Q>3/m = 1269 kJ/kg 
v4 = v_TP("Air",T4, p4) Олут = -732.3 kJ/kg 
54 = s_TP("Air", T4, p4) Weycie/M = 536.3 kJ/kg 
54 = 53 п = 0.4227 
u4 = и Т("Аіг", T4) тер = 7.787 bar 
PLOTS: 
0.6 
600 
500 0.5 
5 400 0.4 
= 0.3 
p 300 eM 
3 
© 0.2 
> 200 
100 0.1 
0 0 
3 4 5 6 7 8 9 10 11 12 13 14 3 4 5 6 7 8 9 10 11 12 13 14 
r r 
9 
8 
5 
— 7 
о. 
Ф 
Е 
6 
5 
3 4 5 6 7 8 9 10 11 12 13 14 
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PROBLEM 4.16 


KYW: An aw- standard Otto cycle has known conditions at the beginning 
of Compression, The maximum cude temperature varies оуе a given 
range and the compression vatê takes on specified values. 

Ib: lnveshigqate the eHect of maximum cycle temperature ow the net 
work per unit mass of air. 


SCHEMATIC E GIVEN) DATA: 


loco < Т, < 2200K 





ASSUMPTIONS: Same as Ехамріе9.1. 


f= | bar 
7,2295 К 


. 17 
le calculation for “= 8 = 1000 Sin ble A-Z2. 
From Table А-22. u, = 210.44 кты ‚Уе 647.4. For He compression process 
Up, > GE) ve = (4)( 647.9) = 8044 = Ty = 662-14 к ,u,2 48315 lll, 


Now , at Ta > Ооо К; 0-=7158.44 KT (ka وار‎ 15171; For the expansion 
: [AN _ : | 
а Сё), 1 ear = (B)C25.17)= 201.36 > Ug = 336,50 kT lke 


Smee Way = Wa, 20 у б©гә/ = Uzur) and д/м = (а-чу). For Ye 
yle, Weucle = Aule . Thus 


Weyele/m = Си у-и F (47 Ug) = (15824 - 483.5) +(210,44 — 3 36.50) 


= 149.78 (3/64 
ITCode 800 
pi=1 //bar 
Т1 = 295 //K 700 
ТЗ = 1000 //K 
г= 8 600 
v1 = у ТР("Аіг",Т1, p1) © 500 
51 = 5 ТР("Аі", T1, p1) 3 
u1 = и Т("Аіг", T1) — 400 
v2=vi/r Е 
v2 = ү ТР("Аіг",Т2, p2) 5 300 
52 = 5 ТР("Аіг", Т2, p2) (€ 258 
52 = $1 
u2 = и T('Air", T2) 100 


v3 = ү TP("Air", T3, p3) 





53 = $5 TP('Air", T3, p3) IT Results for r= 8 0 
из = u_T("Air’, T3) and T3 = 1000K 1000 1200 1400 1600 1800 2000 2200 






ш = 210.4 kJ/kg 

T; = 662.8 К 

uz = 483 kJ/kg 

из = 758.6 kJ/kg 

Т; = 468.6 К 

u4 = 336.2 kJ/kg 
Weoycie/M = 149.8 kJ/kg 


v3 = v2 

v4 = v1 

v4 = v ТР("Аіг",Т4, p4) 

54 = 5 ТР("Аіг", T4, p4) 

54 = 53 

u4 = и T('"Air", T4) 

Weycle = (u3 - u2) + (u1 - u4) 






Тз (К) 
We See from {Ако plot Jat the net worle 
аселе With T, at fixed compression 
ratio. — — plots 055 M 
heat relation о cycle to r 
ders dependia) m T5. 
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PROBLEM 9.17% 
KNOWN : An air- Standard Atkinson cycle has a Kaown Comperesston rah'o 
for (Sentropic Compression and a Spee fred State at the ber ning "t 

um 


Соко: у m. The boat addihon per unit of mass ù also Ko 
Емо: (4) Sketch Hho cycle on T-S Coordinates . Delernune Cb) the net work, 
lc) Theresa Affi o4 «e e aA U) mean fo hiva persrure. Compare wi th 

the Oto cycle q Скад» 91 and ht cuss. | 

SCHEMATIC BR GIVI DATA: 








2 
a, 28:5 


@23/m = l'*oo cJ/ks 
Р, = {со к Pa, 
Sac T, 7 BOOK, 






ASfUMPT(ONS See Example. | 
AMALYSIS: For Part (a) nar alve. Fir parts Clo) -Cd), юе» eq fixings Cech p 
the four pauuyle shakes шга date буол. Table 4-22, | 


State: р, i00 kPa ,T;2300i« => U, z 244.01 kTlks , U, = 621.2, Pr, =l. 3860 


Stafez: For isentropic compression 
MT Vz l 
Un = Ue, YE = 621.2 (gz) = 73.082 


v 
i 
Thus , Т, = 088.2 к <. = 503.06 B › Pr22= 21.034 


and frz 27.034 
2 — = kP — —À | m Ё 
Pa = Р, Fe = (оо СЕЕ! 19 50.5 КРА 


State 3 The specif ic internal биегеч us 15 found using the energy 
balance for process z-3 
© 
MCU U) = Q23 dies 
us = «ез tu, = (400 +503.06 = 1903.06 Yen | 

Thus, T, = 22.31.3 K , р.з = 3342.4 
and = р {T3\. 2231.3 | : 

P, > Р, (22) = 1450.5 (22202 |+ 6324 kPa 


State t Fer the cs e_tropte expansion 
= P¢\ _ Pi 
Fre = Pes CE = р-з a * 52.853 


Thus, T, =821K , hy = 845.14 le3 | ka 
(a) Te find the net work pec unit mass , note hat Weycle = Әсе, So 








Weuele бэ Qu (223 
N E AE i a 
= 1400 - (845.14 — 300,11) 





855,1 1/4 


J 
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PROBLEM 4.17 (Cont'd) 


(b) The +hermel efficiency us 





Weycle/m — 855.1 
COE L = ОЬ (64.1%) А И 
1 О, /m Чоо , ( ) | 


(c) The overall Ais placement volume is М.-М, = MCU Ua) , so the 
mean effectwe pressure is given by 


mep = Weyde _ W eqcle /m ۴ “Усе Im 
P Vu -V2 "4-772 Vy ( = Uz/w,) 


= Кїч _ 9:34, eg ) (62 к\ | | kea 





Ty N-m 
1 lT 








4 Py ( oo ke Pa) 107 N/m? 
= 2.856 V7 La 
Now, the Specifu volume vatjo Uz/Uy is ` 
Uz Уа V, „ U Т .[(l| Zoo.) = 
Oy vn UQ y "| Ty — gar | ^ 2.0429 
Р, = Peg 
Thus (855. k/ko ) ` lo N- m l | kefa 





mep = Аа 











(2.556 MYlen) (1 —-04299) | kT 


I102 БГ Дз мер. 
DISCUSSION 3 The particular Mason cycle iv this problem has the 


Compression ratio for process 1-2 os for the Otto ugele iu Problem 4. L. 
However, the isentropic expansion (process 3-4) has e Wack — 
volume ratio wman for Ha Otto cycle. This کا‎ illustrated on the 

low ig pressure - volume diagram : 





The vesults indicate thot the work and thermal efficiency increase 
for the Atleihson cycle, as evt deuced by the larger enclosed area. 
Further, the mean effective pressure decreases. 
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PROBLEM 4,18 


Nowa: Air undergoes a. Cold air - Standard Mleiuson cycle . 


FIND: Derive an expression for thermal efficiency and compare with 
the cold Rie slandavd Otto cycle . ч Р" 





ASSUMPTIONS: See Exam ple 7.1. Also, 
assume Constant specific heats. 


к 
ANALY SIS To find +he net work, note that Weycle = Оса іе · Thus 





Weydle |» Gà Qout 





sw = C6 С 13 1) - Cp CT, Т, 
Therefore, the thermal efficiency is 
к LL „у. = р Стат (0 
Qasim Ce CBT TEE 
| — 

Process 1-7. 1s isentropic . Thus Тат, =) Vu fupe dest (2 
Further, for process 2-3: Тз. № _ | (3) 
E Fr 
Awd, for process 4-1: 19 „ Tu = OY. Uz a Ua ү (4) 

T U, UU "Ur 
: | "P Р, MK 
Now , for the isentropic compression : са x) (5) 
- . T Vic 
amd , for He isentropic expansion: Ya = (= | (е) 
Us Py 


Now, combining CH), CS), and Ce) 

= 4 L 

Ty (3 КР R) к 

Ti  (&) CR) ` 65 di: C) 
Finally, inserting the results of (2), (3), and (л) mto C1) 


> Gee к. 


ЕО 


То compare the thermal efficiency ef the Atkinsm and Oto 
cycles, recall that 


















І 
Ис ш pet 


Note that the thermal efficiency of the Otto cycle depends on r 
and k, but not on the maximum cycle temperature (nor the 
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PROBLEM 4.18 (Cont'd) 


pressure ratio, rp) The following graph can be used Jo compare 
the cycles further: 





SO Е: 8 
£ Atkinson cycle 
=>) 

9 

S 

= 

ә 70 
Co 
C 

WV 

E | 
-$ .604 
ری‎ 





5 10 15 20 25 
compression ratio ~ ү- 


Thus, at any compression ratio, the Atkinson cycle has a higher thermal 
efficiency than the correspondin Otto cycle, Also, as the. pressure 


ratio Fe “Increases at fixed Compression ratio (c) the thermal 
eigen inereases os well. 
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ж 
PROBLEM 3.14 


KNOWN: Аи air-standard Diesel cycle has a specified state at Не 
beginning of Compression aud a known Pressure and 
dee perature at te end of heat addition. 

амр; Determine (a) the compression ratio cb) the cut off ratio,¢) the 
thermal efficiency, and (d) the mean effective pressure. 


SCHEMATIC VE Р TE P, =P, = 1.2. MPa = 7200 k Pa. 
/ 





ASSUMPTIONS: See Example 4.2.. 
ANAY SIS. Begin by fixing each principal State in the ба cle (Talle A- 22). 
tatei: T,=300K, p 245 kPa % и, = 214.07 kI/kg , Up, FOUR, Pp 21.3860 
State 2: For the isentropic compression 
Pra = Fe, (E) = (1380) (23S) = (05.04 
Tus, Т, = WACK , 17. 726,183 , hy = [022.8263 (kg 
Stale 3: 7,-21S0 K, p, = 1100 kPa > h, 2440.3 (41 , uz, = 2.115 


state Ч; For the isentropic expansion 
Yy a U UL. V, T2 _ Un Ta „OLT (0. 50 








— ed. b 


Uz; ULU, V2 т Ue, T3, 26793 2150 


at, 
Ur, = Vi Urs 222.98 => T,slO$K, Uy = 185.75 kT / 
(a) The Compression ratio ts 


(A = Uri _ Сое 
CLER > RNV ۴ 


Cb) The cutoff ratio is 


„Аз B. uso. 
re VL T ° 919,0 52.11 < — 
(c1 The Hermal e сис is 
Мосе Гум " Ch 37^.) -(Uy- U,) 


ч” Qsim — ha-ha 


_ (2440: 021.82) - (185.75 -214.07) 
р (2440.5 — (OTT. St 


SUZ, 90 — о 
ССРУ Ене 





n 
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PROBLEM 93,14 CContid) 


(d) The mean effective pressure 15 given aS 


Weucle Weyde (мм 
үмер = —— — z 
T Y Va лл Ct- Vzlv;) 


Evaluat D 17, 














8.314... ЕТ | 
47 = Ri. 28.11 k a K) | kPa lo? N- M 
| | (45 kPa) [o Nm! 1 kT! 
= 0,90 3 m*/ke 
Thus 

| Е | 
me „Csgo ы) _ IO Nem, | le Pa | 
` уыт Мао N/m? | 











(0.9063 m^) (r= Ида} 
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PROBLEM 9. 20% 


KNOWN : Anair-standavd Diesel cycle has a specified state at the MINE 
ot pe fe pat and а known pressure and temperature at 

heat ассои. 

FIND: Determine (a) The compression ratio (b) the cod off ratio (C) the 
thermal efficiency ,and (d) the mean effectwe pressure. | 


SCHEMATIC Ê GIVEN DATA: eu P, P,» 1,2M Po z 1100 lc fo. 


end o 












ASSUMPTIONS : See Example 4.2. " 
Also, assume Constant specific ~ 


AWAMSIS: First ,determine the temperature at each principal state of He. 
cycle . T= 300K, T, = 2150 К are given. 


Stale 2: For the isentropic compression, with k =1.4 from Table 4-20 
k- 


T= (55) Ar = (033.1 к 
State 4: Similarly ; for the expansion 
17, 17 V; Ta үк“ 
наб, Й = E. А — =», Ыы ° Ta =. (0,5 
and 17: 
Ty = Ад, | 
А ; 17, 
+ H z گے‎ = [== 
Ca) The compression ratio Is: F 1 (F) 
(b) The cutoff rafidis: r, = ъз = 1з. 
2. 
(с) The thermal efficiency is 
"P Weycle/m | СТ -72,) 7 Ce СТ - T) 
Q45/m Cp CT; -T =) 
With Cy 3.118 ЄЗ /leq- ic ond ¢ =100S leTlkg.<, from Table A-20 
ne (.005)(2150 - (03831) - CTt8)(831,0- 300) 150.9 
= (1.005)( 2180 - 1033.1) tas 
ПОЕ O E S 
(A) The mean effective pressure is Jenas 
Моје Weycle 
mep — М. =. 
Vr z "U,(t-Uz/u) 





Evaluating 47. 








с зч КТ Fy). 
m Rl ($3 KE - | (300 KY LM ES indito "| 
i Р, D o? Мм 2 (kT 
i (45 kPa) J 


= 0.900% m?/ kq 


553 


PROBLEM 94.20 (Cont'd) 








Thus 
— ( 163.1 K3/ks ) oN] 1 ef 
, (0.9003 m3/ kg (1- 4, о) 1k (о? N/m? 





= $83,0 БАСС. 1. . 


These results can be compared 1o these of Problem 2.14 to see 
some effects of the assumption ef constant Specific heats. 


PROBLEM 4.21 


KNOWN. An air-standard Diesel cycle has a known compression. 
ratio oud a specified State at the beginning OF Compression... 


The maximum «cle temperatura \$ Given, 


EIND; Determme Со) the net wovk, фо) the thermal efficien 
(C) the mean eftectwe pressure, awd Cd) the cutoff ratio. 





CHE 
V Au = 19 
4 Я =4 i2 
= 520°R 
ASSUMPTIONS: See Example 4.2 V, =2 3 





ANALYSIS: Begin by fixing each principal state of the cycle (Telsle А. 228) 
State l> T,^5209& = и, = 88.62 Вии , LY, = 158.58 
Siokez: For the isentropic compression 
Ur, = V2 v vs = (тч) 158.58 = 4.3282. 
Thus, T,7 1534.5 d ر‎ ha = 318.32. 8iu/ib 
Stoke 3: Tz=4000°R = h, = 1088.3 Bru/ll W, = -4518 
Золе 4: For eM е аз 


x. E B 15 34.5 _ 
= E CU Woee + 6.522 
Ond V 
Ue, © у; Уа = 2440% 


Thus, Ty © 2253, °R , Uy = 421.25 ВАЛЬ 
(A) toc He cycle , Weyde 2 Qeycte- Thus 
Wencle = Q23- Qu, = Yn Los -h23 = Cu 4-0] 


Evaluat ло YA 





RV 14.0 Wl 2 $4?) Wt 
— ш BENE, poem me) = 0.4454 Ib 
RT, 1595 | tibt) (520°R) г 
S1 16.° 


Thus 
Weyde =(.1454 1) (1088.5 - 378,32) -( 421.25 - 88.62) [ FE 
= 5%. 81 Ble мае 
(b) The thermal efficiency کا‎ 
n= Weyde 0 Wyde 
Q23 mlha he) 


(5ч. 81 Sw у 
= 531 (531° 
i A¥SY Ib) (1088.3 -3718. 32) Bry |b © ( Poy, 0M 
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PROBLEM 4:24 ( Contd-) 


(су The mean effectwe pressure is 


WwW ugele 


W cle 














wm = = 
P (v, d Ve) V, Cl- М/у, ) 
_ (594.81 вм.) |718 tibt || 14 
р (2. #3) Ci- Ич} ! 16k {piad we 
= 151.5 ЛИ 4 Nep. 


Cd) The cutoff ratio i« determined as follows: 
۷ T. | 
Y. = 3 2 {3 = dooo 2 
c T2. 1534.5 4.6 К=з = ER, E 





ve 
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PROBLEM 9.22 


KNOWN: Acold aty-standavdA Diesel cycle has a lenown compression 
ratio oud a specified state ot the beginning of Compression. 
The maximum uele tenperatwre i$ given. 

FIND: Determine Ca) the net work ,Qo) the Havmal eCCcciew ea , 
C) the mean е есіме, prestuve, and (A) the cut of€ ratio. 


SCHEMATIC $ GIVEN DATA: - 
ASSUMPTIONS: See Example 4.2.. 


Adso, assume constaut Specifit heats 
evaluated at 520°R idi 


ANALYSIS: First, determine the temperature at each principal state 
of Ha ule. T= 520°R aud Т = 4O00°R are given. 


State 2: For the iseutrop iz COYUPTESS (CK , with k 21.401 fromToble 4-206 
T, (Ww) T, 210146 °R 
State 5: Similarly , for the CKPOMS OW 


VM NM ү V T 1619.6 
V5 T Va Vy = Va ТА IU) пово = 6.2633 







wy 





= "0009, “№. = iM 
Р, 714.0 ғли? 
т, 2 520°R 


Ф ү 22. 5%? 
1 





ond — k- 
ly = (2/74) Ту = (e455 °R 


@ For thecycle, Weycte = Qeycle. Thus 
Wey Је = Qes - Qu, = m | CeCTs - T4.) = Ge CTI 0.) J 
Evaluating mM | 
m = AV _ Q4.0 Hin \( 2 >) pae e b 
© Ет, sus лы Y " = 0.1954 
(зе )(520°R)! 1А 
Twas j with ср = 0.200 Bry lb-°R and cy = 0.1711 Bh lb- R 


Weyele = (1454) [c.240) (4000 —161%6) = CAT) C1 $45.5 - 520)| 
= БО. [1 Bla oo a a 7 L5 
(6) Tha thermal есем 1s 
Wege Weeds —— (50.11) 
буз MOCT Ta) LI454)(.240) (4000 - 16186) = 03 (60.3%) VW 
(Cy The mean effechwe pressure is 
— ch NES 
V,-V2 М, (1= М/у, ) 
_ 50.1 Bw) [Re н) t 42 
* саз) Vj)! vem liu сив [7138 loto Ye 
(d) ге = М/у, = Т7, = 4000/1619. = 2-47 f. 


————Á———— 1 
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PROBLEM 4.2.3 


KNowN: An air-standavd Diesel cycle hasa known compression | 
ratio aud a specified state at He beginning of Compression. 


The heat addition per UWF mass iS given. 
De ternene (a) the Mai mun de pere tare, Ы) toa cutoff ratio, 














FIND: 
(с) the nat work per orat of mass , Cd) the thoymnk effruenc Г 
(2) the mean effechve frossure GC) Plot tho 44. qvanhhies 
Versus Compass Sion Vato. — | J 
E c. (VEN DATA: 
2 3 a 
| Р 523 = 400 kJ/kg 
о 
| V, iN =20 
4 Р, =200kfa 
T, =380K 


ASSUMPTIONS: See Exanple 9.2 
کہ‎ 
ANALYSIS? Begin by fixing each prinupal state of pha cycle (C Table A- 22) 
Stade 1: 7,2 380K => u,22171.63 ТІК , UL, = 343.4 
State 2: For the Isewtropic COND Ye $$! on 
Ura 2 Cm Ur, = (so) 343.4 = 11.17 


Thus , Т, 2 125.2?R , hz* 1202.0 ЕТІК 


State 5: For the heat addition process, @23s/m 7 ha-ha. То 
Ма = QAza/m t hy = 2102.0 kT I leg 


Thus, T4, = 1819.5 K and v, = 2.4202 


State Чу For Ha isentropic expausion 
үч „У.У 1 V. T. = 12.08 





aud Ury = GR) "Vea = 41.3o 
Ths, Ty = 8434 K Uy = 62817 kkg 
(a) The maximum teuperatuue in Ила exce tS Т; = 1874.5 К 4 Туку 
(b For the constawk pressu.ve procecs 
Ve 


Yo = V3 ~- T3 = 1974.5 = | 66 
: — — — — — — — 


Vz TZ 35,2. 
(c) For Ha олде , Weyele = Ослода. Thus 
Wed : | 
Моде „ зз Qu. „4. ү, - (и-и) 


vv M 
Inserting values 
TN = 900 lx (ky - C628. 01-2116) іка = 543,5 k3 [kg a "etes 
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PROBLEM 4.23 (Cont'd - Роде. 2.) 


(d) The thermal efficiency 1S 


Weucle [m 543.5 
И = — = Boo = 0.604 (0,4%) 
23 


(e) The mean effective pressure is 


елер = AE „ Ме]... 
М.-М. "v. ( l= Val V, ) 
Using the ideal gas —— ef state 
RT | E ZE J) (380K) 
EN (200 kPa. \ 
= 0.5453 m?/ kg 
Thus, the mep becomes 


—- ( 545,5 kT [ks J | kefa 
"P “(0.5453 A |l kT [ту — 


= 1044 kPa a mep 
(Е) The data for the raed plots ave oblatued using LT, as follows - 











V = | КЁ БҸ 


о N[w- И 117 





IT Code 
Z rc = v3 / v2 
E E | ~ Weycle / m = Q23 / m - (u4 - u1) 


eta = Wcycle / Q23 


Q23 / m = 900 // kJ/kg тер = Weycle / (m * v1 * (1-1/9) 


т = 1 // Assume a unit mass of 1 kg. 
рз = p2 

v4 = v1 

r= 20 


v1 = v TP('Air", T1, p1) 
51 = $ ТР("Аіг", T1, p1) 


HESU Аг) IT Results for r= 20 
r=v1/v2 

v2 = v_TP("Air",T2, p2) u4 = 271.5 kJ/kg 

52 = 5 TP('Air", T2, p2) T; = 1135 К 

S2 = 51 р; = 11950 kPa 

Q23 = m * (h3 - h2) h = 1201 kJ/kg 

h2 = h_T("Air", T2) hs = 2101 kJ/kg 

h3 = h T('Air", T3) Тз = 1881 К 

53 = 5 TP('"Air", T3, p3) T, = 844.1 К 

v3 = v. ТР("Аіг",Т3, p3) p4 = 444.3 kPa 

u3 = u_T("Air", T3) u4 = 628 kJ/kg 

v4 = ү TP('Air", T4, p4) ге = 1.657 

54 = 5 TP("Air", T4, p4) Weycie/ = 543.5 kJ/kg 
S4 = 53 п = 0.6039 | 
u4 = и T("Air", T4) тер = 1049 kPa 
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PROBLEM 9.23 (смі. - Foge 3) 


PLOTS ' 
2000 25 
1800 
1600 2 
1400 
_ 1200 15 
NC 
~= 1000 5 
= 800 1 
600 
400 0.5 
200 
0 0 
5. 7 O 11 43 15 17 19 21 23 25 5 7 9 11 13 15 17 19 21 23 25 
۲ r 
600 0.7 
500 0.6 
= 0.5 
2 400 
x 
= 0.4 
E 300 = 
3 0.3 
= 200 
0.2 
100 0.1 
0 0 
5 7 9 11 13 15 17 19 21 23 25 5 7 9 11 13 15 17 19 21 23 25 


r 


Dis адбі n + 
- Аз v creases, Т, thereases. Thus, 
for Hed heat iuput, T increases 
as does мер. | 
„ the av wogg te v. goraduwe. Guar Wo 
heat addit илл imrrAcante , dud) 
М. tnoreases wir Y. 
„ For fixed heat input, the work 
of Ure yle creases with v. 


1000 


800 


600 


mep (kPa) 


400 


200 


9 11 13 15 17 19 21 23 25 


сл 
ل“‎ 


r 
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PROBLEM 4.24 


KNOWN: Reconsider the бае -standard Diesel cycle of Paoblem 9.23 fro un. 

On exergy accov« ^4 Viewpoint. 

FIND: (a) €valoate t^e exer trans fers ACCOMpanm'ng heat and work 

for each procest andlb) devise and evaluate an exergetic ethu ence 

SCHIMATIC L GOLVEN DATA: Data Awen uw Ha table below are fro-— f 
Prob.4.23 and/or further calcalah'on or interpolation 
in “Ta lle A-22. 









i | 220 | 390 [0.5453 | 211.04 
_ 2 |19511 | (135.2 |O02326| 970-14 | 5.1399 — 
HA | 44444. 





8434 | 0.5453 





` ASSUMPTIONS! See € eve ple 4.2. Also, das 3 00 Po: look fa, 


ARALTSIS: Ca) Process “2: Qu =o ) 50 there ù no accowpav ying ers چ‎ 
Аали с fe. Tha exersy tr ans far AC C Oves і С work э, wrth Es FE J 


Ew = W- Po AV — Ew/ v. Wam) - Po CUS -Uj) = ے ها رما‎ - р (Vo - V.) 


-[0.-Uu, 1 fromay 
energy balance 


E Е .64- $36.11) к — (io - ы |с | =- 
Process 2-3: As above ) UStus Was) = f pav - ptv5- Vi) | 


ulm = Wes/m) = f (v3- Yr) = Ср, - & )Lvs- Vz] =| 451-1) va pem rni) 


= a-Si اا‎ 8.) 
With Eq. 711. and veng а 2-144 infarnally rerertible 
EQ = f C - BFR SOS e тарат — 
" (еы) > Ym ~To( S$ -Sù - R ey p, ) = MCR Зоок (3-7211- 3.134) = FI? “= 
ees ЗЧ: Фут О | accompanying exergy зат}, — 


Семь) - Py СУ) = us-uy — Po (Vy- 9) 
= ~(uy~Ug ) fran 


AW емеге koa lan е 


(E) = (1563) — 628.1%) — ie (0565300950152 = $$ 4-41 EX Jk س4‎ 
Process N =1 Wy ~ о , о tama co ho — engin x ery trausfy. . — — 
0 


Reducing an at end ы IO Lau co, E -Eg Бф -EN -P4 > 
Q 
Em > €- eq « Uu -ҹчҹ )+ ЫС») —To (81 -8y ) 
Ea jm - (d. -uy \ — ъ( s? -~ їч» R&A їр) =бч-н+)— TÈSI- 8% -Rta T) 


= TITY Suv 2U 


2 27.68 - 02:17) C. ool — 3.2268 — BI'Y D. m д ЕЗ 
К ) ( is^ gyra А e 
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Рлодењ 4.24 (Coatd.) 


(6) An ex ec ge n c | cen tx this Case Can los. и; Нем ar the 


raho of the desived exer ous put C Exergy trans far ас compart ng 
Not worF Фе veloped ) To Ho yx ergy ad dad. 


Morgen 4 added by heat ал {м u process 2-3. The ear ya 
Hauser AC Compares ha аб (20, іс бека 0 yl ص‎ 


® (Ew) ne (Ew), + (E+ (E Ea 


= —©6%гьу 4 2 #1 +98941 + о F544.) Е2[к$ 


m 


© Тим, Є = I 0.25 (758%) = 
r?. А 








і. Aiternatvely, the Approach employed fc Process 2-3 Can boa uned: 
$ 
- ~ Tr а $ ] س‎ . nd 
ъ=} ['-B)sa ~%,- т [ (22). - Qa -7(5,-54) 


4) 
Energy Balante : 
= U,- U4 Е 
2: а, 


Ew/m EQ [v^ 


\-2° - $52.65 о 
2-3: 211.81 ++ 
3-4: 886-4) O 
4-1: O - 17¥.) 
<< — 


Accordingly , +o within A0 uud of fF Wwe 4e + (Ew)m ) eyete - (Sal «ev сіе, бә 
aA pec XX d An this Case uy ала АФ Баа у 4 de iFroued : 


2. Si Scan A internat irrevertibshhen ate proas? ы achot 
iw dey ممن‎ Co v^ loo Shi vv en ET Ac cords м, RS “a 4ке deshhu сф дал 
occurs on Such en меҳ And Fre ex-er seh ad i et е would Qo... 
moch Ress Than deternuns d bare . 
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FICOBLEM 4.25 


KNOWN: An aiv-standard Diesel ele has known compression aud 
cut ott ratios and б Specified Stake at the beginning of 
COMPLESSL OM. 


FIND: Determine Ca) the heat added (b)the maximum temperature ус ће. 


thermal efficiency , (A] the meau effective pressuve , andce) plot 
those Gvantifies versus Compression retro. 


SCHEMATIC à GIVEN) DATA: | P n 3 


| or | N Ns = 16 


1,2 S20°R 
ASSUMPTIONS : See Example 4, 2. - ‚ M205 Q? 


Ww 
ANALY SIS ° Begin by fixing each principal state of tho uy cle (Table A-22£). 
State (: T= 520°R = > U,= 88.62 etu/lb , Uy, = 158.58 
Slele 2: For tho isentropic compression 
Ura = t ]Va = Gc) 158.58 = 4411 
Thus, T,= 1502.5 °R and h, = 364.85 Bh/Ib 


Hate 3: For the Constout pressuve process , V3/V2 = T3 iN. Thar 
Т» 2. (1502.5) = 3008 °R ом h,= 792,03 Biu/Ib UL, 1.143 тд 
ا‎ EN н = = EAR Pens 


Stałe 4: for the isentropic expausionw 
V V 
WS Ч aE) 8 
а^ eu =) Ve, = 9.3944 
Thus, Ty = 1530.706 ољ Uy = 212.36 ӨМ/(Ъ 


(а) the heat added is 
Qi. (М.-м. 











Evaluating M 
pv (4.2 10) ( 0.5 H3) | qu (| 
үм لد‎ = -enr I | = 0.0369 i6 
RT, 1595 $+- (bf (520°R) 1 £42 
2631 \b-°R 
Tuus 
Qz, = (.0364 ) (742.03 - 369.85) = 15,5 8 Bin, 6823 
(b) Tmax = T = 3004.6°R (See above) 
(c) The thermal efficiency is 
= Wud L1. Aa 6.'18 
УМ. Qas | от” | ¬ 15.58 ~ 0-565 (56.5% ) n 
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PROBLEM 9.26 CCont!ld - Page 2) 


(4) The mean effective pressure is given by 


-— е W tace Q3 - Qu 
P ~V У, С { = Va/y, \ 
_ (18.58 -678) Gk. 


~ (0.5 $3) Ст Vc) 1 Bhu 


[ЧЧ ти 





=% ftf т E" | 


= 101.4 lbfliu* ., mep 


(ез The data forthe required plots ave obkaiued usiig IT, as follows 


IT Code 


p1 = 14.2 //Ib/in.? 
112520 //°R 

V1 = 0.5 //ft? 

рз = р2 

v4 = v1 

r- 16 

r= 2.5 


v1 = v TP('Air",T1, p1) 
51 = 5 ТР("Аіг", T1, p1) 
u1 = и Т("Аіг", T1) 
r=v1/v2 

v2 = у ТР("Аіг",Т2, p2) 
52 = $ TP('Air", T2, p2) 
52 = 51 

h2 = һ Т("Аіг", T2) 

rc = T3/ T2 

h3 = һ_Т("Аїг", ТЗ) 

53 = $5 ТР("Аіг", ТЗ, p3) 
rc = v3/ v2 

v4 = у TP('Air", T4, p4) 


v1=V1/m 

Q23 = m * (h3 - h2) 

Q41 = m * (ul - u4) 

Weycle = Q23 + Q41 

eta = Woycle / 023 

тер = ((Woycle / m) / (v1 * (1 - 1/r)) * (778 / 144) 


IT Results for r = 16 and rc = 2 


Т, = 1502 °R 
Т4 = 1528 °R 

h = 369.6 Btu/Ib 
hs = 790.8 Btu/lb 
p» = 656.3 Ibf/in ? 
ра = 41.73 Ibf/in.2 
u, = 88.73 Btu/lb 
u4 = 271.7 Btu/lb 
m = 0.03687 Ib 
Qa = -6.747 Btu 
Weycie = 8.783 Btu 


Q23 = 15.53 Btu 


s4 =s ТР("Аі", T4, på) Т, = 3004 °R 
54 = 53 n = 0.5655 
u4 = и Т("Аіг", T4) тер = 101.2 Ibf/in.? 
Plots‘ 
25 4000 
3500 
3000 
3 T 2500 
ps X 2000 
2 30 к? 4500 
1000 
5 
500 
0 0 


5 6 7 8 9 10 11 12 13 14 15 16 17 18 


r 





5 6 7 8 9 10 11 12 13 14 15 16 17 18 


r 
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PROBLEM 9.25 ( Cont'd. ~ page 3) 


0.7 
0.6 
0.5 
0.4 
= 
0.3 
0.2 
0.1 


0 
5 6 7 8 9 10 11 12 13 14 15 16 17 18 





5 6 7 8 9 10 11 12 13 14 15 16 17 18 
r 


Discussion 
* the thermal efficiency graph exhibit the same trends as in F 4 9.6 
for (xed k. | 
‚ At comstaut Compression ratio, the values of 9,,, Ту, avd улер all 
meregse with increasing Cut.eff ratio v; , as expected. 
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PROBLEM 94.26 


KNOWN“ Reconsider the aic-Standard Diesel сү cle 1 Pre ble m 43.25 frou 
an ФМ er accounhny Viewpoint ` 

Find. la) Evaluate tbe ёсе) trans-fers cda: кеч сз heat and worl 
fn eac procest and Ch) devise and evalua an Ceersebceffruventy. 


SCHEMATIC 5С 1и20 DATA: Data from Prelolem q.2.57, furthor calculation 
مس ل ل‎ and/or further interpo lah mui Table A-226. 























[state | рът) TCR) — 
" 1 | 142 | 520 [|asez | orez |559:72- _ 
- [212.36 





АЅ5әмл РТ ою$: See Example 9.2 - Also, T, 52006 , Po > 14.2 lof /i4* 


Аю АНТ SIS: (а ) Peocosgs 1-2: Съ = О ر‎ So-d^ c чо RESON AT AD exergy dauste 


Lo th Єз. 7,3 + ما‎ TECH trons fr aoe E. 020r [С to be 
Ew >37 - Ро OAV = м [4 -«)- Po CT. =“) ] «(6.0364 'e)(Se.c2 - 266. $4) Bylo — 
t Jf (Baw 
_ w(U,-U2) from | C xy rr dst uud 


an energy V26lant © = 26.343 Baw <— 


2 
Proce S$ 273: As above, U 94 وہ‎ Wes = pave Р, (V3 А) 


مل 
Ew = {\з-\272- &ULi-Vz] = m CA-0)8 - 92) =(.озы(е 24 xiv osten) | zl‏ 
Bh- | 4‏ 273.319 


with Eq. 7.12 and voting Tee process 2-3 ف‎ internally revert, ble 
3 
E: m -T ( (S$). = -Te($,- S 
Eq: ( Li- 8° = Qa T Gs = Qai Te 57 Sz) 
Q Tow [52 -5° RJ BIP. 1 - I1S.€8 Bhe — ФЕ, ур.озья 10)(1-0512- 0.35439) S 
23 — lom L 9379217 f 


ý C from Prote. 4 03 opp 
= 11770 Bh- — 
Process ъ- Ч: IV =O, So Халл c, هاا‎ acco ллу? eX ex 54 trans fr: سه‎ 
Ey = W – Р АУ = vag y -Pol-a = 0.0369 Ca. (vax) (п. 062) т] 
= 10.426 Bin ص‎ 
Process 4-17 — 41-0; зоте wo ac conp : en aryo trans far - — 


l de _ 50. -RIS -S y 
=. = 20180 = Qai- loll) = Q«i Tol { 4 
Em f C т | JC TU-A) from дла energy lo wher . 


= “|(“.-04) Tp (5? -Sq -R Ал ۴/4) | = 0.03 64) #F.42-272.36 - Sw [o.sq 172 - 0-859! 
1.486 Д, AXI 
222.062. Bin irat AS 


Sv wey 


Exergy efe n77 8h 


Disposihon ofthe = Trarsty out - net work. — ‘ay, 
ACCOMP ALMA 5 exer у) гиред * 2-5243 +3318 + OM 3 8 C o) 


neat waus 3 in Tranter out ج‎ hat trashar 3 DG “ ( 26° ) 
Prouss 1 ~ „д کی مہم‎ ЧУ © 
© exergy des 0 ga 
ID 
|. As expected, the exergy un put an d +ho езе hon of the exergy A to со д 


roundoff. Ne exergy vo о: ged because each Process tg Гл tern ally revert ole, 
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PROBLEM а.2{* 


known: Operahng data are provided for an interno Com b oshiaA 
engine modeled as an air-s tandard Diesel cycle. 


Симо: Deternrine tho net work per cCycie the power de veloped, and 
tha tharwoart e fi cvency, 


SCHEMATIC 2 GIVING DATA: ASSUMPTIONS? 
SCHEMATIC 2 Givin DATA ASSUM OT/0 IN $1 
(Soo ey clo s/n < - 6.0 Riter See Dr amgle q.2. 
LR V, -V 2S nites 
Va I, = 2,4 AWALTSIS: USing $° ven data, Ae 
P Pp -ayro ре rah o to е as follows: 
+ т=300 Қ Vie -5,.6=(0,0-5, = 0.4 liter 
=> VeSa 
Vi 0.4 





v 


Mert, dote are obtenet at Lech р и ср ad Stoke: 
Static |: From Table A-2U of T, 2 500 к, u= 214,07 12/ks , Vei = OUZ. 
Sha: For thessentropic Eo eo $$ On 
* c 
мъ = Уо = 2 >ҶІ.Ч| ay he = 98.03 кәк, Т; = 83K 
5 





Ste3: Sine (359 (s constant fir poce ts 2-73, 
з M а T = (2.9)(9Уу-2013К Ф ac 228085 юз, wez = 3 
Te ү 
sht Y : For — ен ex pant 0 4 
Vey „Уч = Vi. Ma a USUS, =) WN = ((,2-$)( 2.6143) = (lo TY 
Мүз WG We Ve 
-» ہں‎ = 04.96 EIIE 
The mass ùo obhuwned using gaa molat £3 a Tio y se 


m- aM um" (as yo M/m +O Liters) | to — (poto X (0 5 «9 
RT. (53% е )( 300 ie) 249 


For any cycle , Weyele = © сусіе . Procostes -L and З-У vol ue vo bheat- 
мам |у su, Reyde = Q23 - Qi, whew ф»у® mL hs -ha] ) Qai Cas -u) 


- W 
= QQO| ЕЗ per cycle cle 








еее d e vey dl v3 | "-— — 
Weqde = (isoo КГУ 40[ Е EJ nk Gos а || ah (24,53 -— 
T thywrk et QC Q^ 4 uà | 
Чч Qol єз cycle 4.400 Qot 23 V 
- Weycie — " С €2. 
"n Qa E „146 3( 2290.8S- (93.63) WS evel € QUT - 0,5 vs (S? ;ў/ ) — 
SQ23 
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PROBLEM 9.28 


KNOWN: An air -standard Diesel cycle has «known compression ratio 
and a specified state at the beginn ing of compression. 


Emp: Plot a) the maximum temperature cb) the pressure at the 
end of expansion (c) the net work er unit mass of air, and 
us eu toC ra Tio ranging from 
3 3’ 


са) the thermal efftuency vers 
1.5 t0a.5 : 


CHEMATIC f GIVEN DATA : 


> 4 
ЕЕ o 
{ 
t 
— шышы ШЫ 


ASSUMPTIONS: See Example 7.2. 
V 
ANALYSIS. As le calculation will be done fec rz 51.5. First, fix each 
of the principal states of the Cycle: 
(a) Slate L: From Table A-22 at 7,2 310K ; U, = 221. 25 k7lks and = 5712.3. 
State 2: For the isentropic Compression 
Vex = (Fur, = (Fg) (72-3) = 38.153 
Julev polatina iy Table 4-225; h,= 896.66 k3lle4 , T, = 867.7 < 
States: Foreach value ef cutoff ratio, г; =Vs (Va, the value of Ts 
can be determined from Tz = CV3/Vz) Ta. Fun this case 
Tg = 1301.5 k j h,= 1397,7 1116, у, = u.235 I may 


Sfate't: Note that for {Ке isentropic expansion 
Vea = Ch) ors = (YF) rs = Cn es 


Urq = 112.35 5 Ty = 5866 К у U,zH24.54 kT /ks 


r.2V,/V,2=1.5-2.5 
r=V,4V2355 








/ 
* P= оок fa. 
4 7,2 310K 








Thus 
(0) The pressure «t the end of ha expansion is 
Py = са) р = 194.212 a د‎ асве 


(су the wet u»ovic per Unit mass of avr US 
= = Заз _ 44 a (и-и, -tgu = 247.5 03/0, в 


(ду The леги efficiency ix 
W 
na Weaclelm 1. o5 sau (52.4%) 


Q23(m 


The data for the requwed plots ave. obtaiued using IT as follows: 
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PROBLEM 9.28 С Сома.) 


PLOTS: 


moe, 


T3 (K 


Weycte/M (kJ/kg 


2000 


1600 


1200 


800 


400 


0 


900 
800 
700 
600 
500 
400 
300 
200 
100 

0 


IT Code 


р1 = 100 //kPa 

T12310 //K 

r=v1/v2 

r=15 

r=v3/v2 

гс = 1.5 

т = 1 // Assume a unit mass of 1 kg. 


u1 = и Т("Аіг", T1) 

v1 = у ТР("Аіг",Т1, p1) 
51 = 5 ТР("Аіг", T1, p1) 
v2 = у TP('Air",T2, p2) 
52 = 5 TP('Air", T2, p2) 
52 = 51 

h2-h Т("Аіг", T2) 

УЗ = ү TP('Air",T3, p3) 
p3 = p2 

h3 = h_T("Air", T3) 

53 = $ ТР("Аіг", T3, p3) 
v4 = v TP('Air",T4, p4) 
54 = 5 TP('Air", T4, p4) 
54 = 53 

V4 = v1 

u4 = и Т("Аіг", T4) 


ра (kPa) 


15 16 17 18 19 2 24 22 23 24 25 


Fc 


15 1617 18 L9 2 21.22 23 24 25 


Гс 


1-44 


Q23 = m * (h3 - h2) 
Q41 = т * (u1 - u4) 
Woycle = Q23 + ۵41 
eta = Weycle / Q23 


[Т Results for r. = 1.5 
h2 = 896.6 kJ/kg 

р; = 4199 kPa 

h3 = 1397 kJ/kg 

T4 = 586.3 К 

Q>3/m = 500.4 kJ/kg 
Q44/m = -203.1 kJ/kg 
T3 = 1302 K 

p4 = 189.1 kPa 
Wioyae/m = 297.3 kJ/kg 
п = 0.5941 


450 
400 
350 
300 
290 
200 
150 
100 

50 


15 16 17 18 19 2 2122 23 24 25 


[c 


. 06 


0.5 


0.4 


0.3 


0.2 


0.1 


0 
15 16 1.7 18 19 2 2122 23 24 25 


lc 


PROBLEM а. 2.4 


KNOWN: An air-standayd Diesel cycle has o. known maximum 
temperature anal a specified Shde at the bea unig of 
cowpre SS (оу. The mass of aw is gwen . 


IND: — Determine for various compression vatios Ca) the net work 
(b) the Mermal efficiency , avd сеу the meau effective pressure. 


SCHEMATIC £ GIVEN DATA: 2 3 ISS V/V S25 





= 12.9 


ASSUMPTIONS : See Example 4, 2. 


ANMYSIS: Consider first a sample calcula tum —R data from Table A-22. for 
tne case of = V/V =15. From Table А- 22 od Т, 73 OOK, U, 2214.07 Tiks, vy. = 621.2. 
Also, at T,* 1800K; h,* 2603.3 ЕІ, Up, 3 444. For rei5 


АЛ. „ = (Ye/v, avy. = (18)621.2. = 4.42 
Iwerpolacaa w Table GED 225 ha 2 869.63 kT, Т, = 843,2 К. Мош, for process 3-4 
{59 SEP 
Veg? t). (ум, = (! 5)| 
Duper polat ing i UA Aa) № te ыз 1231.33 kT [les . 
(оу The wot work ıs colculatedt from W + б ر‎ UR (мо 9. +034. 
э бу quo а 


W = M Lokal) +(U,-Ua)| 


tes a Tess. 444) = 21.713 


Weude 





=Q2 22 ( (2003.3 - 604.63} + (214. 01-731.99)] E 1.3 84 ES eris) 
(b) The ermal cfi cita) 05 


М = Wyte Mose. 1898 10.548 (543%) 
“Мм 


Qus — WAS (12 x10°3)(2003.3 = 864.63) 


(c) To get We mean effective pressure, first determine V. (rei) 




















14 „ку 3 
у = mE _ (129) атык) (зоок) |! — | ke fa ом a EE T 
` P (45 kPa) 10 д Lo to^ N]w* \ КТ : 
Thus 
WA 2 _ Waele = W 
И М Ve V (b= у 
2 1.384 кү ро2м№-м| [1 РА vans bl мер 
(1.008 xo м? )(1- Visy| аку || о? (215) 
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PROBLEM 4.29 (Cont. ) 
The data for the regu wed pots ave abtuwed using IT, as follows : 


PLOTS: 


Woycle ( kJ ) 


mep (kPa) 


7.5 


6.5 


790 


ل“ 
ce‏ 
Ce‏ 


O) 
сл 
о 


O) 
e 
e 


550 


— 


15 


— 


15 


IT Code 


p1=95 // kPa 
T12300 //K 
T3 = 1800 //K 
r=15 

m - 12bE-03 // kg 


u1-7u Т("Аіг", T1) 

v1 = у ТР("Аіг",Т1, p1) 
51 = 5 ТР("Аіг", T1, p1) 
г=у1 / №2 

v2 = v ТР("Аіг",Т2, p2) 
52 = 5 ТР("Аіг", T2, p2) 
52 = 51 

h2 = ћ Т("Аіг", T2) 

p3 = p2 

h3 = h_T("Air", T3) 

v3 = v_TP(Air’,T3, p3) 
53 = $5 ТР("Аіг", ТЗ, p3) 
v4 = v ТР("Аіг",Т4,р4) 
54 = 5 ТР("Аі", T4, p4) 
54 = 53 

v4 = v1 

u4 = u_T("Air", T4) 


19 20 21 


r 


16 17 18 


19 20 21 
Y 


16 17 18 


22 23 24 295 


22 23 24 25 
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Q23 = m * (h3 - h2) 

Q41 =m * (u1 - u4) 

Weycle = Q23 + Q41 

eta = Woycle / (m * (h3 - h2)) 
Vi=v1*m 

тер = Weycle / (V1 * (1 - 1/0) // kPa 


ІТ Results forr = 15 


Tz = 843.4 К 

p? = 4006 kPa 
h = 869.4 kJ/kg 
T3 = 1800 K 

h4 = 2002 kJ/kg 
T4 = 967.2 К 

p4 = 306.3 kPa 
Qo3 = 13.59 kJ 
Q41 = -6.202 kJ 
Woycle = 7.384 kJ 
n = 0.5435 

mep = 727.4 kPa 


0.7 
0.6 
0.5 
0.4 
0.3 
0.2 


0.1 


19 20 21 22 23 24 25 


r 


15 16 17 18 


Note that the worle doesn't Min. 
great wih С, but it does ext 
a maximum. Furor Har mol 
eticiency inareases Wil v because 
He av wakue of heat 
addutim Wnurenses Gad) the aw 
wakwe of heak rejecttow 

decreases, as cau he verified b 
reference Yo Wa 1-5 diagram o 
the — ‚ Also note that Ha mep 
decreases wit increasing T. 


(+ 


PROBLEM 4-30 
KNOWN: Operating date are provided for an air-Standard Diesel cycle. 
Deternuns (<) the mass of arr, Co) the haat addih on and 


Е 1м 035 
hea tr (ej echos per Cy hs | С T^ nat ae and T^ TJ ce rvvto-A е слем (p. 
SEE MATIC & Git DATA: | ASSUMPTIONS: 
See Example 4.2. 
c 3 “Tez | р 
75 ADbALTSIS Thea wass Ул vo 
I =! —— 
P s mM > LAU _ (aeuo Njim *) (o. Olen?) 
P= 62 T n" ES 
Y Tiree т" EA 
N^ = о.о 
| n = Phe — 





A 


Mey, fiv eoch qa реи ре states = Stat | l: at T=290K , Table А-21-5гуег 
Sht ` for Haa i Sen уор гс Compress! aN 


Vea < x Ue) z2 (елы). 45.073 T= 818.6 К ha F424 e 5400.3: w h T3 =/290K, 
Steta Ч: Fo r Praisentvprc еж an $4 0. 


л > 206.4! eI es, Vr, = 6F6.]. 


Мз = — Il mE vac 1-55 . 


ga = De = ove co RET: т 


Vry = 
=- ‚исе 
ИСЕ 
Tw: Uy = 428,196 2/6. 
Q 
Ths heat addition ف‎ ъз (из- и) = U Bee (real 8424) > (OKT 4—3 
Th haat зе Тил vo. ба (и -ч,) (ea QTY (Hatt — 70641) = 4.0984 РУ — 


For any cycle, Weycle = Qeyle . Thro 
Rr, - Gq = lord— ¢ оз: = 5.416 J «Nude 


U2 eq he — 


"To 9. РС | Ас to 
ے‎ Wote = SIb ے‎ ۹2 (SR) ب‎ | 
э EF. TUN lo 
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PRoBLEM 4.31 


Кыс ы: Fov an air-standavd Diesel eyele , the state at the beginn ing of COMPYESSION 
and seveval values for the maximum wcle temperature are known, 
Finn: Plot the net work ger unit mass, the mean eHecthve pressuve, and 
the thermal efficiency, each versus compression ratio ranging from 5 to 20, 
SCHEMATIC 8 GIVEN) DATA: 


Ty = 1200, 6300, 1800, 2100 K 


P | ? ASSUMPTIONS. See Example $2. 


5< 1420 
rV har 





ANAWSIS! The follow LU Yeasoning is used +o solve the problem : 
\. Given values. p ,T, , V, AMA Ts. | 
2. Fix state 2 using ideal gas relations and S ст,,р,у =SCT2,P2). When using 
Table 4-22 his expressed in terms of vr vu > V/V. 
3. Using P =p, amel the ideal дах equation : Vs CT3/T4) V, 


Now using energy balances amd W, =0 5 92,2 mlhz-ha) , Qa С.и). CO 


Ww = Gut Qa = мт Сиу ka) e Cu, -ua) | (2) 
Fu vM. лл = a j mep = Waacle lm cle [m (3) 
; An, CU - Ve) 
and W = Waele Гил (4) 
Qr,/m 


eal udaku eis T, = oo | From Table A-22. at T,=300K 
(А, 2214.01 kT/leg 17. 2 62.2. Ts Ал. „= (Vs Јал) V, = ( e) Vy, 24.43 


Tuten polah à q in Table A-223 Т, = 943.20, lh, = 869.63 kJ/kg. Now, «t Ty= 1200К, 
л; 1277.79 KIIkg , Ug 14.470. Fro | 
As lar, ye, = (И УСУ Ау rs S (Vila Y) Yrs = 182.514 


WL, Ta. -SZ22.lKk А ړلا‎ = 315.4L Loka | 
Now, from Ct) ~ CA) 
@ мт (1277-74 ¬ 869.63) = 408.2. (T7 kg 


Weyche = (408.2) +(214.01- 375.46) = 246.3 KT lea 
Ws 240:3/408.2. = 0.6034 (60.34%) 














Anal 8.314 kT _ b AN 
^ «id ай} me hls ogol wg 
( Vo eur ) LOSN| m> kT 
3 ay, b 
- _ __ 2.) fio? wi | VOM 5156s bar 
e (0.6151 m7/leq) (1— Vis) Uer | 1102 М|м2 
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PROBLEM 9,31 ( Cont'd.) 


The data ог the requred plots ате olea ved using IT as Co Uo ws Я 


IT Code Q23 = m * (h3 - N2) 
_ Q41 = m* (u1 - u4) 
Es ocu Weycle = Q23 + Q41 
T3 = 1200 //K тер = (Woycle / т) / (v1 * (1 - 1/7) / 100 
г=15 eta = Woycle / 023 


m = 1 // Asume a unit mass of 1 kg. 


v1 = v. ТР("Аіг",Т1, p1) 
51 = s TP("Air", T1, p1) 





r=v1/v2 
v2 = v TP('Air",T2, p2) 
$ 5 Д Аг, 12, p2) IT Results for r= 15 and ТЗ = 1200 К 
v3 /v2 = T3/ T2 Т, = 843.4 К 
v3 = v TP('Air", T3, p3) p? = 42.17 bar 
53 = s ТР("Аіг", ТЗ, p3) һә = 869.4 kJ/kg 
v4 = v_TP(‘Air",T4, p4) h3 = 1277 kJ/kg 
v4 = v1 T4 = 521.9 К 
s4 = s ТР("Аіг", T4, p4) p4 = 1.74 bar 
54 = 53 аут = 407.7 kJ/kg 
u17u T('Air", T1) Олт = -161.7 kJ/kg 
h2 = h_T("Air", T2) Weycie/M = 245.9 kJ/kg 
h3 = һ Т("Аіг", T3) mep = 3.06 bar 
u4 = и Т("Аіг", T4) n = 0.6033 
PLOTS: 
800 
700 
600 
2 500 
x 
— 400 
Е 
5 300 
5 200 | 
—— Тз = 1200 К —— Т. = 1200 К 
— Тз = 1500 К —+— Ta = 1500 К 
100 —@ Тз = 1800 К —%— Тз = 1800 К 
7 *—— T3=2100K *— T3=2100K 
5 6 7 8 9 1011121314 15 16 17 18 19 20 5 10 15 20 
r r 


—>— Тз = 1200 К 


— Тз = 1500 К 
—®— Тз = 1800 К 
*— — Т3 = 2100 К 
5 6 7 8 9 101112 13 14 15 16 17 18 19 20 


r 
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PROBLEM 4.32 


KMOWN: OBS dete. are provided fo an air-Staudard duvak Cycle. 

EIND; DeHrnunela) the H up era tures 2+ the end of each heat addition 
pours, Co) the net werk per vmt mass; (с) the thernrat eff cena, | 

Qi) the mean effechve prsssure, 

SCHEMATIC &6( VEN DATA: 





AS SOMPTIOANS: 
See t le 9. 

И. А хам^ріе 4-3 

s Е EN Е е ANALYSIS: Using Table А-2 2, 
Р A olo ls date at tha ргис por 
2 ү = States: 
| ` = = : з 62]. 
* ? = look Pa Stel. Ti = 300E, Ujz 21Ч.07, Vr = 621.2, 

Ti = 300K, 


Stet 2. For the ‘Sen tropic compression 





Vr, =. Va Vri = 21.1 - 64-012. 
yes Aia 
2) Tr = 702.3 € , U2 514.44 ЕЗ[є$ 


5503: For process 2-1 ; 3= wl Uz-U2) 2» Us 2 Sax + Ч, = WO +4 = 

1214.۹ кү, 3T = ISOTEK ‚һу: 1647.4: E2 . "m 
= (647.41 = 2344.41 

Stee: For (с SC INL Qay = mC hy -h3) = hy = QY + hz = 700 + 7 

=> T4- SK, ry = 2.4995. 


— 5 





Sto S. For ths еи ирс ем рди St Ф, 


«sz GE) = w (WL) 0 CE E) = (е) = 10.929 


= Us (sce 
= Us= 193.7 Wles. э CRSA) 


б) һе anq CY مغ‎ ‚ Чәсус = Qcycte. T Ante 
نیا‎ | Wuyclelm 
mama AUD = SE RED . жеш етот (e987 wo = H3?) a 
۴3 


- Uy) 


сс) The thoy nat чел о » 


Ү\ - Wweycle/fm 1З „ o. sil (511%) <a— Y| 


(4) Ths waan مت مرھد‎ pressure е 


мер > — eyee/ m) | ے‎ M2 ex Ou € 
P XA ~ Va. S, li- 2/7) 
نها‎ | g 
UM ws ет = Gia BEN). орн wtp 
б Сте Mim?) 

=> wep 115.37 ETIES | to? M. I ‚к | _ 4369 € Р. мер 

f 0.800% wt (s- 1) ктш | Nim? 

65 
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PROBLEM 4.33 
The data fov the cs "un olok are obłaiued using IT, as follows. See Prob.9.32 for 


temperature (K) 


Sa wple со (слід 5. 
ІТ Code 54 = s ТР("Аі", T4, p4) 
1 = 100 // KP ст. 

| E e a v5 = v. TP("Air"| T5, p5) 

= 30 55 = 5 ТР("Аіг", T5, p5) 
v1/v2=9 55 = 54 
Q23 + Q34 = 1400 // kJ/kg = "Air" 
Q23 / (Q23 + Q34) = ratio Баа 
ratio = .5 = - Н 
m = 1 // Assume a unit mass of — — кам. 
1 kg. тер = (Woycle / m) / (v1 - v2) 
u1 = и Т("Аіг", T1) 
v1 = v TP('Air, T1, p1) IT Results for QJ m = Q34/m = 700 kJ/k 
S1 = 5 ТР("Аіг", T1, p1) T=702.8K i 
v2 = v TP('Air',T2, p2) p; = 2108 kPa 
s2-s TP("Air", T2, p2) ps 7 4534 kPa 
S2 = 51 

st hs = 1648 kJ/kg 

Q23 = m * (u3 - u2) h4 = 2348 kJ/kg 
u2 = u_T("Air", T2) Ts = 1161 К 
u3 = u_T(“Air", T3) ps = 387 kPa 
Q34 = m * (h4 - h3) Тз = 1511 K 
h3 = h_T("Air", T3) T -2078K 
h4 = һ T(Air', T4) Weycie/m = 715.6 kJ/kg 


p3 /p2=13/T2 
p4 = p3 
v4 = v, TP('Air", T4, p4) 


PLOTS: 
2500 


2000 
1500 
1000 


500 


0 01 02 03 04 05 06 07 08 09 1 


heat addition ratio 


0.6 
0.5 
0.4 
0.3 
0.2 


0.1 


0 01 02 03 04 05 06 07 08 09 1 


heat addition ratio 
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Weycte/M (KJ/ kg) 


. mep (kPa) 


800 
700 
600 
500 
400 
300 
200 
100 


1000 
900 
800 
700 
600 
500 
400 
300 
200 
100 


п = 0.5112 
mep = 935.1 kPa 


0 01 02 03 04 05 06 07 08 09 1 


heat addition ratio 


0 01 02 03 04 05 06 07 08 09 1 


heat addition ratio 


PROBLEM 1.34 
The IT solution presented below uses the following constut specifie heat relatums: 


Ta/ = Wily.) 


‘s/t, ш (Vahar) 


IT Code 


p1 = 100 // kPa 

T1 =300 //K 

v1/v2=9 

Q23 + 034 = 1400 // kJ/kg 

Q23 / (Q23 + Q34) = ratio 

ratio = .5 

m=1 //Assume a unit mass of 1 kg. 
cp = ср Т("Аіг", T1) 

су = су Т("Аіг", T1) 

k=cp/cv 


v1 = у ТР("Аіг",Т1, p1) 
Т2 / T1 = (v1 / v2)^(k - 1) 
v2 = у ТР("Аіг",Т2, p2) 
V3 = v2 
Q232m*cv*(T3- T2) 
v3 = v_TP(Air", T3, p3) 
p4 = p3 


PLOTS: 


temperature (K) 


3000 


2500 


N 
O 
O 
O 
Weycie/ m (kJ/kg) 
—- N o A OA DO N со 
O O O с QO O O CO 
O O Q O O о со O O 


1500 


1000 


500 


0.6 


0.5 


0.4 


0.3 


0.2 


0.1 


0 01 02 03 04 05 06 07 08 09 1 


heat addition ratio 





0 01 02 03 04 05 06 07 08 09 1 


heat addition ratio 


Q23/m? Or CT, 753) 
Q 44 [у - Co CT47 T3) 
Qci lm 3 Cu CT, -Ts) 


“Чол © Q 25+ Q34 Qs, 


Q34 = m * cp * (Т4 - T3) 
v4 = у ТР("Аіг",Т4, p4) 
v5 = v1 

Т5 / Т4 = (04 / у5)^(К - 1) 


Woycle / т = Q23 + Q34 - т *cv * (Т5 - Т1) 
eta = Woycle / (023 + Q34) 
тер = (Woycle / m) / (v1 - v2) 


IT Results for Qo3/m = Озат = 700 kJ/kg 
Ср = 1.004 kJ/kg:-K 

Cy = 0.7172 kJ/kg:K 

k= 1.4 

T3= 1699 K 

T4= 2396 К 

Woycie/m = 796.7 kJ/kg 

п = 0.5691 

mep = 1041 kPa 


-2 


0.2 0.4 0.6 0.8 


heat addition ratio 


C 


1100 
1000 
900 
800 
700 
600 
900 
400 
300 
200 
100 


mep (kPa) 


0 01 02 03 04 05 06 07 08 09 1 


heat addition ratio 


9-57 


PROBLEM 2.35 


KNOWN: Аи expression 15 gwen for the thermal efficiency of a cold atr- 
standard dual cycle iw terms of Compression matid, r, cutoff 
ratio, fe and pressure ratio for the constant volume heat 

ditiow, rp - 


FIND: Denve he express Lon. 
ASSUMPTIONS: See Example 2.3 . Also, the specific heats are constant. 
AN AUN SIS: Begin with Eg. 4. i4. 


1 at bees (us “U, ) 
(Ug 4z) tlhy-h3) 
C Ts -Ti T-T, ) 
= |= U- ( 5 ) — ( 57! : (ж) 
Cv (T3-Te) + Cp Ty-T3) 73-1.) tk CT, -T3 ) 


Note that r= Vi lu > Г. = Us l vy : ancl r = PP. Therefore 


nd! 
17 = rl 





(Р _ 
Ty (Ty = Ta 


_ (Vy А 
le~f 1-1 ч k 
15 Cos) 4 i, | Ty Ver) Ту HE ш? 


Substituting these velahens into (ж) gives 





V =1- = عع‎ Pa 
p^ (Fo 71) + ke P, Cre - 0) vesult 
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HE 
PRoGLEM 14۰36 


Khoous гч: Operating date. are pro vid ed for an atr~standard dust cycle. 
FIND: Deternune la) the heat addition at constant volume and at 
Constant pressure , Ch) tre vat work, ©) thse heat rejected, Cd) the tha rmat 


e(t 4 ٠ 


SCHTMATIC GIVN DATA: AS SOMPTIONS: 
———— — 


AMAL TSS °. Using dato Fan Tol Яа 
А-22, fix each 4 tes рлер. 


States. 
Shtal: At T= 500 к, U = 214,01 «3 [eg 
“Ve, CALL 


5002: For the isenfruy сс салыуда 981 OW 
(s Vea = gut 239.625 7» p E (leg 
Stele 3: For the comstant etwas hab addition, Ts Efa) = (991.3 К. 

>> цз = (590.0 бю, hg = 9124.0 RUE. 
Shia 4: Ње ten cenobre hans addi hm, ТА = X Ts = (1517,3) 2 2082. K.. 
> hy= 2480.6 9р, Үгүт 4. 0707 


States `: Tor Хэ i зек iou с ex, AMA AM NT = м Уз 2 te) l Qi 
е VA Ve Wa. er) = $us 


> Yrs: Es = ((43Y2.0101)328,8(0 > Us = 721.7. kT /kg 








(a) Appl qn e ^ erg lg-»- a ممن‎ 
Q23 = m (ug -Uz ) = 0-04 eg (1580,0 — OUI ISE, = 31,471 eg ‚ ج‎ 
Qas- m Ch hg) = 0:04 leq (2480, – 2020) "Aq = (4. UO eg 4— 


(ә) Fire an суса) Wau = Qeycte . Thro, Sintra procestes | 22,4 -S ore adiabah'c, 


Wenets = Сә 034) ¬ As] = (31414 (чл) — (0,04) (TL. ~ 214,07 ) 
m(uc-U,) 0043 


= $4.44 e 2 س‎ 
` | — 


cl) The het лд» we Qs, = ml(us-Us) = 20 =з 


(ву Tha thereat {Ды en сер to 
_ Weyde = УЧЧ sz GO 0g ° سه‎ 
ye Se = ne ee 0008 (00.8% ) 


— 


Q23 + O34 
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PROCLEM 4.3 € 


KNOWN: Ам air-staudard dual cycle has a known Compress (on, хаб 
ank a sgeciGied state at the beginning of Compression. The 
heat ition uwt muss Curd Hie pressuve at the eud of 
the omskot volume heat addition ave also kutum. 
Nb: ү et и) ео: (ect 
Hue ee 
Plot those quark hes versus compmossim rato. 











4 8 : 
SCHEMATIC È GIVEN DATA : T Веру = 1200 IbF fiw: 
| Qin/m= 800 вуль 
V INS = 15 
5 pino DÍ 
ASSUMPTIONS’ See Example 4.3 | T 520R 


x 
ANALYSIS: Begin by fixing each of tua principal states of Vus cycle (Talde ^46E) . 


State 1: T, 2520? => U,= 88.62 Ball , un, 2 158.58 
State z: For the isentropic Compress LON , Wee = Nz IN) Te = 10.572. 
Tuus, Т, = 1409.606, U 226026 Btu/lb d Pc, = 51.561 


State 3: Since Va*V, , T3 = (Рз |Р.) T2. To get pr, Use 
Pa = (бр) = 544.26 bfl — ту= 2465.9 °R 
Thue, U, = 577.4 К/І amel ha = 180.1 Stud lb 
State 4: The total heat additim is lerown. Thus 
Qin 2 2ع‎ y Qay = (u,-u.) +Chy-hs) 
id Wy = SA -(иу-иъу thy = 1203.54 Plullb 


Tun, Tq = 4511.6 PR and Uru = 0.2848 
State S: For the isentropic CKPAMS Uma 
VE 2 М.М 2M OT 
Vu V2 Vu 7 Vi. Fy = 4.1181 
On Urn = E) Sey = 4.165 => Te = 2294.2 R, u$ = 421.0 Bulb 


Now, the heut rejection per uwt Wass is 


Cb) EFT = Ug-U, = Q310- 88.62. = 3424 OW lb д Qs 1w 
ond for the wede, Werle = Quete . Thus 

W | 
Ca) E e. ©з\ - 451.6 ДЬ „ Weg defn 


M Y^ 


(C) The thermal efficiency is 
Y= (Weycle /m ) LG lw) = €t 57.60) /(6 6o) = 0.572 (57. 2°/( 


(аў The ato ratio 15 
(a = Valu = Talt, = 4577.6/2965.% = 1.543 а 
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PROBLEM 9.31 


The dota for the required plots are obtained USINg IT, as fe lows : 


IT Code p4 = p3 

tua s4 = s TP("Air", T4, p4) 
T — v5 = у TP("Air", T5, p5) 
r2v1/v2 $5 = $5 ТР("Аіг", T5, p5) 
г= 15 55 = $4 

Е , 5=v1 

p3 = 1200 // ibf/in.? — — 
Qin / m = 800 // Btu/Ib us = u T('Air', Т5) 


m=1/A i 
ssume a unit mass of 1 Ib. Qout / m = u5 - u1 














= "дп Woycle / m = Qin / m - Qout/m 
u1 = u_T("Air", T1) a 
v1 = у TP('Air" T1, p1) eta = Weycle / Qin 
51 = s TP("Air", T1, p1) verve 
v2 = у TP('Air", T2, p2) 
2 = Р н НИ | 
25 = 2 SAIS Tele) IT Results for r= 15 
u2 = u_T("Air", T2) Tə Е 1469 К 
ТЗ /T2 = p3/p2 aa (к 
иЗ = u_T("Air", T3) — 
h3 = h_T("Air", T3) Seon E 
— Woeycielm = 457.9 Btu/lb 
Qin / m = (u3 - u2) + (h4 - 3) заи етв 
h4 = h_T("Air", T4) т] = 0.5724 
v4 = у ТР("Аіг",Т4, p4) fo = 1.542 
PLOTS * 
500 0.6 
a 
= 
co 400 Wreycte/M 0.5 
Е 0.4 
+ 300 
5 
: — 03 
о. 
> 200 
8 02 
S 
a is 0.1 
А 
с 
о 0 
10 12 14 16 18 20 22 24 26 28 10 12 14 16 18 20 22 24 26 28 
r r 
: | 
We see from Ha graphs Hot the олм 
25 еНлс емо increases slightly wh 
increasing Y. Since Qin is amt 
2 Lt follows “Wat Wwe would iucvecte 
amd Qovt would decrease. Also, as 
s 5 € increases, The cobol- ratio inweases, 
ta dicakim thet of Meo. Wa puk 
occurs ot covert Pressure . 
0.5 
0 


10 12 14 16 18 20 22 24 26 28 


r 


PROBLEM 4.38 


KN OWN’ Operahng data are provided for an aur-standerd durat еч cle. 
Fred. For & vimm cycle tempers ure of 8000°R determine (a) the 

heat added , Cio) {ha net work) Cc) the thay mel есеи су у Cd | Tre илаа 
effechve pusrare .(e) Plot th quanh Het ef part («)-(d) verrus wrap iu lun 


C4 he Y up aku re it fr wn 3ooo to 4000°R., 





SCHIMATIC AGIVEM DATA : ASSUMPTIONS: 
3 + Ty: Maximum cycle See Example 13 





tempera’ arte 
ANALYSIS ? 


T4 = 3000 OR, — begin by 
P= 14.510 и — 
е. с Ta So RSF) faxing +hecmte f each pr — 
2X. Ye 0.5513 State Ating date from Table 
= Ve i A- LLE. 


Steta |: T= SIOR , U, = 86.4! Bh/lb; Vri = (66 7 M . | 
Shh 2: Tor tha еи орге Compression) Мә = 66 (ҳл) Ve, = 66-7916) = 10.4.2, 
>> Hr 1476.1 °R, ч; 2261.688 / 10 
SHU 3: Far the constant Voloume beat additm, Т/Т = F/R . Teer, 
Ben 29 52. LR == из = SFY 33 (3t«/ (b, и > 776.6۹ fiw lA. 


S veu: Corti TY = 30009R, hye 740. 68 üh./(h, Меч = (8 





Sofa 5 : For fW. i sen tone expan $t on ү Ws Ivy) Vr ) where 


Vs: V Уз > M. B = te ) 24822 ) = 15.7۷1 > Vrgz 18,579 
V4 WV Ма V2. Т4 Зоодо 
, zx Us = 208.7 B ha /lb 
with EFT, 
ж lm 
vu TY 


Tha mass of the System iG ooteaaed Frown 


. RW. Genus ор). 41%) _ 0.03838 1b 


28.3 te: CR 


Tha haat added vo the Suv Q23 + ӦЗҸ | 


Co ) М 
a VA 
Q23 = m (ua - Из ) < ©. 03336 ( $34.33 2361. 61)- 2. Btw \ Qa = 12.54 8 h — 
Сач = m Lha- h)- o.03 ( 129.68 - 776 6а)- 0.54 вњ. — 
| cyce 
(6) Sma Weycte = Reycie , ana (ro сезсе: [-2,¥-5 are a da'« lo «rc е 


U c ets = Rin — Әд = Qin- мл (чу-и,) = RN- 6.03t34 (208-76 - 86.91) = + ФВ. 
1.907739 £f Tos 


v^ 
M2 cy فل‎ = 90.84 oF سه‎ P 








a CNN vni- VAN. 0. £13 Lt- wd iiis di n 
(<) Үү = Waele _ 7T 86 . 0-624 (62.4%) 
Qin 12.54 
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PROBLEM 9.38 Comtd.) 


the data (ev the required plots are obtained using 1T, as follows - 


IT Code 


p1 = 14.5 // Ibf/in.? 
Т1 = 510 //°R 
V1=0.5 // ft 
V1/V2= 16 

p3 /p2=2 

T4 = 3000 //°R 


v1 = v TP('Air", T1, p1) 
u1 = и Т("Аіг", T1) 

51 = 5 TP('Air", T1, p1) 
v2 = v ТР("Аіг",Т2, p2) 
ví / м2 = 16 

52 = 5 ТР("Аіг", Т2, р2) 
52 = 51 

u2 = u, T('Air", Т2) 

T3 / T2 = p3 / p2 

u3 = u_T("Air", T3) 

h3 = h_T("Air", T3) 

v3 = v2 

h4 = h_T("Air", T4) 

v4 = v TP('Air", T4, p4) 
p4 = p3 

54 = 5 ТР("Аіг", T4, p4) 


PLOTS ` 
25 


20 


energy transfer (Btu) 


0 


3000 3200 3400 3600 
Ts (°R) 


180 
160 
140 
120 
100 
80 
60 
40 
20 
0 


тер (Ibf/in.?) 


3000 3200 3400 3600 
T4 CR) 


v5 = у TP('Air, T5, p5) 
55 = 5 ТР("Аіг", T5, p5) 
55 = 54 

v5 = v1 

u5 = и Т("Аі", T5) 


v1 = М1 /т 

Qin = m * (u3 - u2) + m * (h4 - h3) 

Q51 = m * (u1 - u5) 

Weycle = Qin + Q51 

eta = Woycle / Qin 

тер = Weycle / (V1 * (1 - V2/ V1)) * (778 / 144) 


IT Results for T, = 3000°R 


Т = 1477°R 

Тз = 2954°R 

Ts = 1196°R 

m = 0.03838 Ib 

Qin = 12.49 Btu 
Wreycie = 7.837 Btu 
n= 0.6273 

тер = 90.33 Ibf/in.* 


0.7 
0.6 
0.5 
0.4 
c 
0.3 
0.2 
0.1 
0 
4000 
3000 3200 3400 3600 3800 4000 
| T4 (R) 
As He mayimum wehe tewmpveature 
Increases, we see that The yet work 
ond men Dol. (Ас гедс̧е as wel. 
Heuer ex the heat addition also goes 
хр, олд ал б. vecult the thowmol 
Калсам, decreases Slightly. 
4000 
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PROBLEM 9.39 


KNOWN: Aw amw-staudard dual wele has a known compression ratio oma 
a specified state at the beginning of compression . The total heat addition 
15 Jwen. 

Finn: Plot the net wovk per umt mass, the mean effective pressure, амд te 
Hermal efficiency versus. Compression ratio rang ing from (О fo 20 for 
various values oF Yhe vadis of сопол volume to | heat input. 

SCHEMATIC $ GIVEN DATA: А d 

ASSUMPTIONS: See Example 4.3. ? 

i mt to. es p Q4 > | 90 кы 

ANA AS: The following reasoning ts А м м 

used io Solve the problem : ios Iv, < 20 
1. Given values + RT, Y امه‎ Qas / CRF A340۰ 
2. Fix 5lale 2. Using ideal gas velatious Рал bar 
amd SCT)? 2 5 Cr; P.) When usin 
Table A-22 , this expressed in terms of 
^J ИА 2 Vila. 

3. Use Qa. = m ( V3-Ux) to چو‎ T; ‚ Thom Vue д\уе5 Р, =(T3/T,) Pz. 
4. For 4ع جطو‎ , иле Р„=р„ amd Оза = mCha- hs) To get T4 , U4. 
5. Fix slate 5 «s in shep 2. using SCT, a) > SCT, PO ov Vegl Urs * Velis. 
Also, note thak J, U,- 
Now, Using еме balamces : Waele = Quae ta > — a @гэ ү 03+ - (U5-U,) 


where бох [m7 U< =U, . Aso 





M W eo tuc] m — М еда 1 m 
(Озу зд) л T ^^, (t- Uy) 


Sample colatlation, (r310, R= 823/( @rs+ 934) = 0.5 | From Table 4-22 


at T= 300K ; Ц, 3 214.07 к/а Уе * 62.2. Thus Ve. Vz улл = (0242. 
Tuterpolating in Table A-22 5 1,2150 К, ъ= 536.1 k3/ka. Now — 
из QS | + Ат = 1030.1 kT/kg $ T,21314.1K hy 1413.46 kT lke 
Furor, haz @s4lm + h, 2191346 Ы А T4 =1727.1K , 7,2 4.526 
Yes US rye. CY Уут = Chr yr) Vg = 54453 
Twas, Ts 2898.9 K , Ug 2 612.55 k3/ks. 


Now 
i У алое [ил = 1000 + (673.55 - 214.07) = 540,5 7/15 


2 Маме (мл  _ К 
à CONES a 0.5405 (54.05%) 























Аг = Eu = Gast с (3006) гом. м Lear - 0.861 m/l 
Pi C1 bar) kT 10> Км 
5 k7/ эм. b 
mep? __ (540.5I/ks) — to Nm e - 6915 bar’ 
(0.861 ум 2/6) (1 - Yo) ку LO? Мм 


The data for Ике required plots ave obtained usiha UT, as follows : 
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PROBLEM 4.24 (Conted,) 


T Co 


— 
о. 


е 


1 // bar 

300 //K 

23 + Q34)/m=1000 // kJ/kg 
23 / (Q23 + Q34) 





o03 23 


=1 


— 


Q 
‚5 
0 
1 


// Assume a unit mass of 1 


& 3 


v1 = у ТР("Аіг",Т1,р1) 
51 = 5 ТР("Аіг", Т1, p1) 
u1 = и Т("Аіг", T1) 

52 = 51 

v2=vi/r 

v2 = v TP('Air",T2,p2) 
52 =s ТР("Аіг", T2, p2) 
u2 = и Т("Аіг", T2) 

m * (иЗ - и2) = 023 

u3 = и Т("Аіг", T3) 

v3 = v2 

v3 = у TP('Air",T3,p3) 
53 = $ ТР("Аіг", T3, p3) 
h3 = h_T("Air", T3) 
Q34 / m = h4 - h3 

házh T('Air", T4) 





p4 = p3 

v4 = у_ТР("Аїг",Т4,р4) 
54 = 5 ТР("Аіг", T4, p4) 
u4 = и Т("Аіг", T4) 

v5 = v1 

s5 = 54 

v5 = у ТР("Аіг",Т5,р5) 
55 = 5 ТР("Аіг", Т5, p5) 
u5 = и Т("Аіг", T5) 


Weycle = 023 / т + 034 / т + Q51 /т 
Q51 = m * (u1 - u5) 

eta = Woycle / (023 + 034) 

тер = (Wcycle / т) / (v1 * (1- 1/7) / 100 


ІТ Results for Q23 / Q1n = 0.5 and г = 10 


Т5 = 730.2 К 

р = 24.34 bar 

Т3 = 1316 К 

рз = 43.86 bar 

Т4 = 1729 К 

Т5 = 899.3 К 

Wreycie/M = 540.2 kJ/kg 
п = 0.5402 

mep = 6.972 bar 





PLOTS : 
700 
600 
5 900 
x р 
> мы. 
= 400 Ej 
£ Q23 / Qin = 0 (Diesel cycle) o Q23 / Qin = 0 (Diesel cycle) 
© 300 Q23 / Qin = 0.25 = Q23 / Qin = 0.25 
= Q23 / Qin = 0.5 Q23 / Qin = 0.5 
200 Q23 / Qin = 1 (Otto cycle) Q23 / Qin = 1 (Otto cycle) 
100 
0 
10 11 12 13 14 15 16 17 18 19 20 10 11 12 13 14 15 16 17 18 19 20 
r r 
= 


Q23 / Qin = 0 (Diesel cycle) 
Q23 / Qin = 0.25 

Q23 / Qin = 0.5 

Q23 / Qin = 1 (Otto cycle) 


15 16 17 18 


r 


10 11 12 13 14 





19 20 
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PROBLEM 9.40 


KNOWN: Air enters Ha compressor of au ideal Brayton cycle with known 
conditons. Tha compressor pressure ratio is also lc noun. 
FIND. Plot for various turbine inlet +tenperatuces ca) the 
Yuermal efficiency , (0) the back work vatio, aud (су the 
net power developed. 


SCHE MATIC 4 GIVEN DATA: 







Qin looo K 
وح 10 = مو۶‎ — 


m | A 
3! Heat exchanger 
Т, с: : 
T 3 | E! M — 
| 
| © 





Compress 





T 
ASSUMPTIONS: See Exawple 4,4 : 


АМАІМ 515: Sample calculations are aiven below for several turbine inlet ten- 
peratures. First, fix eack of the principal states ( Table A- 22). 
ate | T, = 3006 => n. 3006.14 kT lka 2 Pr, = 1.3860 
State 2 For the isentropic Compression , fa = С№ /Р,) Pr, = 13.860. 


Thus, Te = 574.1 К and И. = 574.86 kTleg 





lotes tooo Kk => h,= louo.o4 kJ/kg , рз = HYO 
T3 fook — has 1271.74 kI fl > Pra ^ 238.0 
leooK => h,= 1757.57 kTllg , Рез * 741.7. 
state 4 For the isentropic exgausi су. > Pry = (Pv [рз ) Pera 7 Ty, hy ; 
Tuas | 
| ? (n4 , T4 = 5434K , hy = 54845 «ТЕ (гооо к) 
Fry =] 23.8 , Ty = 665K , hy =675.84 £J/ke Ciz00k) 
74.12, Ty = 41.30) hy = 445,65 кт/кз Cieootc) 
(a) The thermal efficiency is 
М 21 - hy -h, 
(5) The back worl. vatto is 
бос М.-М. - 274.67 


м ъ- мч h3- hy 
(c) The power is | 
— = Mm | (W4- мч) „а -h S] = —— hy)- 214.61] 
The results are summarized in the plots onthe next page, Which give each 


of these Quantities yersus turbine inlet temperatures ranging from looo to 
оок. 


7-66 


PROBLEM 2,40 (Cont'd) 
The data for Ике requived plots are genevated by Yue following IT program: 


IT Code 
" mdot = AV1 / v1 
a i e | cn v1 = v TP('Air", T1, p1) 
25 ө Wdotnet = mdot * ((h3 - h4) - (h2 - h1)) 
d^ E s eta = Wdotnet / (mdot * (h3 - h2)) 
T Е jp AK bwr = (h2 - h1) / (h3 - h4) 
p4 = p1 


AV1 = 5 // m/s 


h1 =h_T("Air", T1) IT Results for T3 = 1000K 





51 = 5 ТР("Аі", T1, p1) hı = 300 kJ/kg 
52 = 5 TP('Air", T2, p2) h = 579.7 kJ/kg 
52 = 51 Һз = 1046 kJ/kg 
h2 = һ T('Air", T2) h4 = 548.3 kJ/kg 
h3 = һ_Т("Аї", T3) m = 5.807 kg/s 
53 = 5 ТР("Аіг", T3, p3) W = 1264 kW 
54 = $ ТР("Аіг", T4, p4) пеї 
54 = 53 bwr = 0.5623 
h4 = h_T("Air", T4) п = 0.4672 
PLOTS: 
0.6 3200 
05 2800 
2400 
кн 5 2000 
= = 
z 0.3 z 1600 
= 
02 1200 
800 
i 400 
0 0 
1000 1100 1200 1300 1400 1500 1600 1000 1100 1200 1300 1400 1500 1600 
Ts (К) T3 (K) 


From the plots we see Pat the net work of the cycle increases signif t cart ly 
ond Yue back-work ratio Atcreases as ture, inket temperature 
Increases, for (Axed compressor pressure rave. However, Pra heat input 
ix creeses SianiFicautly , Ye result in a vero slight decteace in 
hev mal eH iciency. 
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PROBLEM а. <] 
KNOWN: Air ewters Hae con presor of an ideal Brayton eta cle with known 
conditions, The Hwliune inlet tewpevature is Specified, 


EIND: Plot fora given range of Compressor pressure vatios хоу the 
thevmal efficiency , ©) He back work ratio, aud c) the 
net power developed. 


SCHEMATIC $ GIVEN DATA’ 


اسح م 






T33Nook 





ASSUMPTIONS: See Example 4.4 | Т 2 300K дыл 
ANALYSIS: Sample Catceulations ore qaa (wr) = 5 w3[s 
} 
here. First, Fix each of the princi pal states (Table А- 22) 
State | Т, = Зоок => h,= 300,19 kT/leg , Pr, = 1.3860 
State 2 For isentropic compressiow, Pra =(Р„/ юу Ре; => Ta , ha 
Thus, 
6 а> Pro = 8.316 , T, = 498.4 K, hz = 501.36 kT/kg 
Р. [в = 8 Æ> р = 1.088 , т, = 5398 K, ha = 594.18 k3 [ka 
IZ => ез 10.632, Т, = 603.4K, hz 2610.65 kT / ky 
State3 Туз=(ч©о => М, =1515,ч2 kT/kg ‚ рез 2456.5 
State 4 For Tao. isentropic e Y paw S (оу. , fru = (Ps | 93) Pe 5 >> T4, hy 
Thus , 
750983 , Ty= 0443 К, hy = 432.20 kT/kg 
Pry A 66.312 , т, = 884.4K , hy = $60.40 З/д 
31942 > T= 751K , hy = 7608.38 5/64 
(a) The Мемма! eCficieney is 
= |- Al SERA 
ү, hs -ha | 
(b) The back work ratio is 
ha- 4 
м №4 
(с) the net power developed ts AW), P | 
` $ { 
М суде MUCK, Мч - >-0] = ку [Ch Аҹ) SOM 
The. results ave summarized iw the following tale : 


| 2218.6 | me: 5.801 kgls 
| 25908 — 


bwr = 








2386.8 


| || 4625 | ie | 2555.2 | 


The data for the requived plots ave Ообомлед using IT, as follows: 
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PROBLEM 4.41 


IT Code 

p1 = 100 // kPa 
T1 = 300 //K 
p2 / p1 = rp 

гр = 8 

p3 = р2 

ТЗ = 1400 //K 
p4 = p1 


AV1 =5 /[ m?/s 


h1 = h_T(“Air", T1) 

51 = 5 TP('Air", T1, p1) 
52 = 5 TP('Air", T2, p2) 
S2 = 51 

h2-h Т("Аіг", T2) 

h3 = һ T(Air", T3) 

53 = 5 TP('Air", T3, p3) 
54 = S ТР("А", T4, p4) 
54 = 53 

h4 = h_T(‘Air", T4) 


PLOTS: 


0.6 
0.5 
0.4 
0.3 
0.2 7 


0.1 


bwr, n 


0 
2 4 6 8 10 12 


Гр 


In The Given range of Compressor 
with Mp 4s does yhe thermal ес 


with ҮР. 


(KW) 


mdot = AV1 / v1 

v1 = у ТР("Аіг",Т1,р1) 

Wdotnet = mdot * ((h3 - h4) - (h2 - h1)) 
eta = Wdotnet / (mdot * (h3 - h2)) 

bwr = (h2 - h1) / (h3 - h4) 


IT Results for r, = 8 
h, = 300 kJ/kg 

h» = 544.1 kJ/kg 

ha = 1514 kJ/kg 

h4 = 859.9 kJ/kg 

m = 5.807 kg/s 


W = 2382 kW 
net 


bwr = 0.373 
п = 0.4228 


3000 





2900 


2000 


+ 1500 
с * 


W 


18 20 


1000 


500 


2 4 6 8 10 12 14 16 18 20 


Гр 


pressuve vatios, the net power Increases 
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ireny. Yet, the bade work raid also increases 


3 
PRogLEM 9.42- 


Known: The net power developed aud the gressure ratio are known for 
au (deal aw- standard Brayton ceucle. The minimum aud 
maximum temperatuves are also “known, 


IND ^ Detevmine () the thermal efficiency 5 (v) tha mass flou» 


Qin = 64 Yi ot 


yate of Ai, (с) the net power developed. 
SCHEMATIC ё GIVEN А: 


Blu К 


| T= 520°. 





S 


Assumertons:. See Exawple 4. Ч 





ANALYSIS‘ First, fix each of tHe principal states L Table A- 226). 
state | T, = 5202/2. => h,-124.21 Ghuib , р. = 1.2147 


State 2 For the isentropic Corupresslow , Pra = (Ра. /Р) Pe, = 11.0059 
Thus, Т2 (042.5 OR aud И, = 204,12. Bhi lb 


State 3 T423000?& Ф М, = 140,05 ВКЛ, Pe, 41.4 
Stute 4, For the isentropic expausion , Р. = (P4] P3) Р-з 20124 
Thus, Ty. 21513 R aud hy = 388,63 Вн/ Ib 
(a) the thermal efficiency is 


— G eut w^ (и -W) 
2|-.———— л (MOL 
NE Qi v | (h3-h2) 


= | س‎ (588.03 - 124.21) _ e n 
= aoee 50.5 "08 (448 ABRE: 


(b) To determine me mass flow rate of air, start with the rate of 
heat addition 


— Ain - 24x(o1 Btu/h) 
Cha-hi) (790.68 -264.12 ) Bl 
= („457 x10" Iblh m 





(c) The net power is 
Weyele = ME (hh) -Cha-hy)] 
= (оч57к0°) [ (290,68 —388.63) - (264. 1t = 124.27) ] 
1693001 Blull a (Weel 
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€ 
PROBLEM 9.43 


NOUN: The net power developed aud the pressure ratio ave known for 
a cold air-staudard ideal Grau — ade. The minimum aud 
maximum tenpevotures ave olso “known, 


FIND. Determine cay the drew mek efficiency , Cb) tha mass 


= ( 
Flow rate of aùr, c) the net power devel. аа рли 


* — м © 
SCHEMATIC 2 GIVEN DATA: Pa] ey 214 o 137 3000 °R 






en 
u 
U) 
o 
8 
2j 
5 | 





\ 


T= 520° 


$ 
ASSUMPTIONS: See Exawple 7.4 1T =520°R 
Also, assUME Cónstant 


specific heats eyatuateA af 520°R, 
ANALYSIS: From Table A-106, k= Hol aud cp = 0.240 Gh] lv. 
T.+520°R олд Tz = 2800°R ave given. For Не isewtropuc 
COWPLESS LOW Process «ы, 
т (FB) m = посв R 
Also, for Ha iSeutrepic expan Siow 
(k- 
Ty = (FR) € m, = (409.5 °R 
@) the Harmat effec гелм Ls 
t — Q, 
= = = 0, О 
У. \ CETT 0.530 (S3 4 





(b) To determine the mass flow rate of air, Start with te rate of 


heat addition : q 
Ain C34vl0! Brash) 


= 1483 x10" lblh 4 үй 
(CY The net power i< 
Меде = Y [chy-hy)- (hg-l (J = W cp [CTg-Tq) - cr 7] 
(1.483 x10%)(0,240)[ (3000 — 1409,5) — (000.8 - S20) ] 


|. 03103 DIA qo Weycle 


Diseossion: the results of tis problem cau be cowpored wit Wose of 
Problem 9.42. to see some effects of Ho assump tow. of иукс\ол spec c 
heats. 
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PROBLEM 4.44 


KAD OWA: An deod Cold air —stundard Brayton eycle has Known 
haan: mune and Weg imum temperatures a. f^ seure T^ corrtmonds 
4o the илл mum net Work per Uva t mass of arr flow. 


Fin id: Deternwne (a) fhe ceo ssor and turbine, work per vwt 
of haass flow ر‎ Co) + harnet са еи. ce, Cc) Plot the dT ^R rna ot et een 


Versus phe mari mom Cycle Te wp ec ture, fanuging fran 1200+ 1800. 


ScHEMATIC 2 GIVEN) PATA: 


3 
Ту =1SO0K 





+ 
k — 
Pz „(1з \ү2 0-0) | 
P ta | 
IL 
| s 
ASSUMPTLONS: See Exawple 4.5, T,2300( 


ANALYSIS. First, determine Ha unkuown tewperatures at principal 
stotes 2 aud 4, From the soliton to &xawple 9.5 


\.Ч‏ ڪا 
P. (Ts | 20e) . — LELU-‏ 


A AT збо = 16.719 


where с =1.4 from Tos шыш For tha isentropic Compression. 
Taa TT = 670,8 R 
aud for Ha iseutropic expansion 
Ty > (RE) т = 670.8°R 
(а) The compressor work per uwi Wass ef aw Clowis 
— = bh = Cp CT. 7T.) 
= (1.005 kT/kq-K\( G10,8 - 300)K = 372.6 ЕЗ 


ka Weoup/ vin 
Similarly Сос He {доме 
eure = Ce CT, - Ta) 


= (1.005) C1500 ¬ 610.8) = 835.3 клы Vl ub | vv 


— 
Ua) Using 64.425 Hoge ther wy РВ = (б/т ү) jp we ger 


| 
1 > \— (Rug ye» 


| 
mE C009" 
J 


i 


y 
= —- [909 І 3 RE oe 
= { = о. SS (55 /o ) 
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PROBLEM 1.44 ССом|'а. > 
(c) The expression for n in pert Cb) is plotted using (Т or any plotting 
package . | 
06 
0.5 
0.4 
= 03 
02 
0.1 


0 
1200 1300 1400 1500 31600 1700 1800 


Тз (К) 


We see Het Mae wal eHiciency creases Wh increasing MAXIMUM 
оч Де temperakure. Also, Moke that for is idealized case n is 
М A epe ort of Ja. value eC k. 


"PROBLEM 4-45 


KNown : An ideal cold aww-staudavd Brayton uycle is aualy zed. 


FIND: show thet Ha back work ratio equals tra ratio of absolute 
tewperatuves at Ha Lowpressor à wet aud turbine outlet. 


SCHEMATIC 2 GIVEN DATA: 3 


т Ts 


ASSUMPTIONS: See Exawople q.5 





ANALYSIS: Tha back worle ratio is Given as Е 
Ьмх = Ma = HTT 
| h3- hy $$ стз - Tu) 
ос bwy m EISE d 2/7 * ‹ у 


Ty (T3/+,- А) 
For the iseutrogic Processes 


k~i 
Tz . ) کا‎ _ Ts 
Tı Р, g Tu 
مسا‎ E Th 
bwr = —— 


T, gis == ә 
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PROGLEM 9-46 


KNOWN: Aw ideal air-staudard Brayton cycle has a known Connvesso 
/ pA м r 
inlet tewperature aud a known maximum furline inlet 


temperature . 


Plot Ма wet work pex uwt macs of atr flow and the 
T&v wal eficieucy versus compressor Pressure ratio. Estimate 
Ha Qvessuve ratio for may imum net wore aud He 
Cortes pond thermal efficiency aud Compe re with a 
cold caiw-Staudarcl analysis. 


Sckhearic $ GIVEN DATA’ 


FIND: 





ASSUMPTIONS! See Exawple @. 4 





ANALYSIS: Sample cade ation. B/P = 12 Using data from Table 4-224 
to fix each of the principal states: 


Staje | T,=520°R => h,= 124.27 Bju/ib , PR, = 1.2197 
stete 2 For the (seutropre COMPTESS Lew. , Pra = (Pa IP, ) Pr; = 14.5764 
Thus, Ta =1041.5°R aud М, = 252.84 BStu/tb 
State 3 Т =2600 RR => hz = 674.479 Btulth , pc, = 513.5 
State 4 For the iseutropic CKPAUSIOW , Pry = (Pu les) Prs = 42.792 
Ty = 1399.2 PR aud hy = 342.09 Bru/lb 
The мех worl. рес uut mass of abr Hous 15 
V «cle | v. = (h3-hy) = La - hA) = 203.23 Bw lb 
aud the therwol efficiency iS 


= W ча Хе [мл Wi uel : 
LU — * — = 0.4820 (48.20°%o) 


The data fer Me ерду ed plots are obtuued из IT, as follows: 





ІТ Code 
Т1 = 520 //°R Ө ake 
Un can и s4 = 5 hP("Air", h4, p4) 
р Wdotnet = mdot * ((h3 - h4) - (h2 - h1)) 


mdot = 1 // Assume a mass flow rate of unity. 


р1 = 1 // Assume a value for pressure 
II (any value would work). 


h1 = h_T("Air", T1) 

51 = 5 TP('"Air", T1, p1) 
52 = 51 

p2 = p1 * rp 

s2 = s_hP("Air", h2, p2) 
p3 = p2 

h3 = h_T("Air", T3) 

s3 = s_TP("Air", T3, p3) 


eta = Wdotnet / Qdotin 
Qdotin = mdot * (h3 - h2) 


IT Results for rp = 12 


h; = 124.3 Btu/Ib 
h = 252.9 Btu/lb 
hs = 673.6 Btu/lb 
h4 = 342.2 Btu/Ib 


W /m = 202.8 Btu/lb 
cycie 
n = 0.4821 
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PROBLEM 9.46 ( Conte.) 


210 
209 
208 
207 
206 
205 
Ф 
É 
* 
202 
201 


PLOTS: 


/m (Btu/lb) 


12 13 14 15 16 17 18 19 20 21 22 23 24 


pa / P1 
0.6 
.. 
0.4 
= 03 
0.2 
0.1 


0 
12 13 14 15 16 17 18 19 20 21 22 23 24 


pa / py 


From the plots: (P2 ГР, 2 20.6 





) max 
wor 


(nH) Wax = 55.2 o 
worl 





Using the result of Exo. vole. 4.5 om д. cold atr-stdaudavd basis, 
tha pressure vate is 


Pe \ _ т; 2Ck-1) 
Р, Е T: = 10.72. —€—————— ÁN 
werk 


aud Me corresponding Hermal effrc tency is 
\ 
У = l- (Par p, EW ن و‎ E EE EEE 
| Discussion: The cold aw-staudard analysis predicts a pressure тобо 
foc maximum net work Moet is аиле different Yow the va 


obinined arophically. Tuvterestinaly, tha corresponding thermal 
efficiencies are — equal. * У 
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PRORLEM 9-4-4 


Known: An ideal Brayton eqcle (€ analyzed on a cold air-slaudavd 
basis. The compressor inlet Tewpevature LS T, and the 
turhine inlet Тел рок АЙА. iS T3. 


IND : Show bhat he compressor exit tonporatuve that maxim ites 
next work or umt mass of aw flow is given by 
a= Cts)" 


SCHEMATIC È GUVEN DATA - 


ASSUMPTIONS: See Exawple 4.5 





ANALYSIS: From the solution +o Exawple 4.5, the Cow ressor 
Cessuye Ya tio correspond ing fo maximum net work per uut 
Mass of aw SW is 


(2) EE 

P, | may Ti 

work 

Furor, for Ha isewtropic compression 
| 


rz [tz ye 


ic 


y^ 


5 cU 
ومو‎ Wasa xpress ons yields Wa desired cesult 
لے‎ k. EE 

(2 и и" » & aey 

M gr | т +) 


_ fle 
or > = — T3 ) Tz 
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PROBLEM 4.48 


KNOWN: The ideal air-standard Brayton cycle of Problem 4.41 15 modified 
to include that the tirbinequd compressor each Wave isentropic 
efficiencies less than 100%. 


E IND: Foreach of three efficiency values, plot (a) the thermal efficiency, 
(b) the lack work ratio, c) thenet power developed, and CA) the 
Compressor and turbine cates of exergy destruction yeysus compressor 
pressure ratios ranging fom 2 te 2р. 


SCHEMATIC Ê GIVEN DATA: 90% 
T n -n, fe 
709 






Р = 100. 
T, > 300K 
(Av) = 5 m/s 


d< Р>[Р, < 20 
Aas IP TION E: Same as In Example 
4.6. Arise, let To = ЗООК. 


ANALYSIS: Consider the Sample calculations for PelP,=8, Ne * n, = Bo. 
First , Fix each ef the principal stajes CTable А-22.). 
State. 1: P, = 100 kPa, T, 2 Зоок => h, 2300,14 єз [ko 


јаје 2: From Prob.9.41; hz; = 544.18 ЕЗ lke . Using the compressor 
efficiency : h, = ht (hash hm, 2605.18 kT ka 
State 3: Ts =1чоок ® h, = 1515.42 Tikes 
State 4: Prob.4.41 : ис = 860.40 kT (ka . Using the turbine efficiency 
и = h, = hy Chs-hys) = 241. 4 «7/4 


(А) The thermal efficiency i< 
me d- PIS 2 0 ачи (24.1%) 


37 7a 





(b) The back work ratio is 

bwr = — = 6,582 

ha - hy 

(с) The net power developed ts 

Weycie = ^ [thy-hg) - Ch, -и,) ] 

‚ АГАР _ 

"(Yn = RT = 5.807 4/15 

Weycle = 12711. kW 


(&.) The rete of exergy dest uchon for Jo. Eus fess0€ is 
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PROBLEM 4.44 (С Gmt'd -Page 2) 
E besip = To comp = To m (s,-S,) 


To m K 5,°- $ °)- R D |р] 
From Table 4-223 5,° = 1.70203 kT [leg-K and 5,° =2.40593 k7 |kو‎ ۰K . Thus 
Ey, comp = 166.6 kw 


Sim i larly, for the Ju. v bine. 
) "e P 
Ed, turbh = M Т [65i " 53)— Кл | 
From Table A-22; s?23.36200 and s? = 4.91126. Thus 
Ej wb = 285.1 «UJ 
The data for the requiwed plotsare obtained using IT, as follows : 


IT Code 
р1 = 100 //kPa 


н 


mdot = AV1 / v1 
v1 = v. TP('Air";T1,p1) 


E S eu: а К Wdotnet = mdot * ((h3 - h4) - (h2 - h1)) 
А T А р eta = Wdotnet / (mdot * (h3 - h2)) 
“a Я bwr = (h2 - h1) / (h3 - h4) 
ев Me Edot c = To * mdot * (s2 - 51) 
s Edot t = To * mdot * (s4 - 53) 
p4 = pt 
= 3 
id a "a 4 : s IT Results for r= 8, n; = тү = 80% 
eff cx 0.7 h; = 300 kJ/kg 
To = 300 // К hz = 605.1 kJ/kg 
has = 544.1 kJ/kg 
h1-h T('Air", T1) ha = 1514 kJ/kg 
s1=s ТР("Аіг", T1, p1) h4 = 990.8 kJ/kg 
525 = s_hP("Air", h2s, p2) has = 859.9 kJ/kg 
525 = 51 т = 5.807 kg/s 
h2 = h1 + (h2s - h1) / eff c п = 0.2402 
52 = s ҺР("Аіг", h2, p2) bwr = 0.5828 
h3 =h_T("Air", T3) = 4268 k 
53 = s TP("Air", T3, p3) V uel ы 
545 = s ҺР("Аіг", h4s, p4) É = 486.9 kW 
545 = S3 d, comp 
h4 = h3 - (h3 - h4s) * eff t : = 2555k 
s4 = s hP("Air", h4, p4) ES ы 
PLOTS: 0.6 
0.5 
0.4 


—*- isentropic efficiencies = 100% 

= 03 —+— isentropic efficiencies = 90 96 
—*— isentropic efficiencies = 80% 
—#— isentropic efficiencies = 70% 


0.2 


[7 
- m. 
0 
2 4 6 8 10 12 14 16 18 20 


Гр 
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PROBLEM 4.48 (Cow. ~ poge 3) 





1 3000 
0.9 
га 2500 
d S 2000 - 
06 4 
z 05 1500 
Ke! p 
хя Plagas 
03 КО, б 
= 
02 Bos 
0.1 
0 0 
2 4 6 8 10 12 14 16 18 20 2 4 6 8 10 12 14 16 18 20 


Гр 


400 


Е KW 
d, comp —* 
— N Сл? 
Ce cC C 
e © Co 
E (KW) 
d, turb 





0 
2 4 6 8 10 12 14 16 18 20 2 4 6 8 10 12 14 16 18 20 
Fp Гр 
—*— isentropic efficiencies = 10096 
—+— isentropic efficiencies = 90 96 
—*-— isentropic efficiencies = 80% 
~®— isentropic efficiencies = 70% 
Ob sev vation 5: 


e For neang < tooho , Mermal Heim ond Мааа, | 2rlabit maximum yale 
OA co vef essor ер Vakio чоАД9Д. 


- For тч = c 1o*ís Их. ел to zevo Ad 5 220, Note frat Ha backe worle 
CO Co app vootkes unity weer ie tS, OU of he “buoy ve work is consumed fo 
run Ye cowpvescoc. 


The ex declruction vrakes ute vessor бл {лдоо аме alast 
for Wy =m, = 10% , 4s expected. T mT A 
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PROBLEM 4.49 


KNOWN: An aiv-staudavd gas turbine «ote. has a known compressor 
К. ratio aud specified NM aul мло m AMA, 
Fewupsrakuxes, The ressor aud turbine each have 
iStutrop (с efficiencies of 82°. 

EIND: Vetevmine Са) the net work perunrt mass et air flow ,b) 
Жо heat rejected m" wass ef air flow ر‎ ол Cc) "m 
ev wal efficiency Сомро. Wem to Ha same 
quau tities evaluated a aun ideal eee. 


SCHEMATIC AVEN DAT 





Tz=IYOOK 


S 
ASSUMPTIONS. See Exawple 4.6 


ANMNSIS: First, fix each of the principal stetes for each асе. using 
data from Table A- 22. 


State 1 T,2=240K => h,= 290.16 КУЫ , Pe, = 1.2311 
State 2 First , determine has . For isentropic compression 
Peas (P/r) Фи = 14.9932 => has = 590.47 kT (lg 
Using the — efficiency ; We = Chas hı )/Ch, -M); 
ha = hoe (B28) 2623.84 кты 
State 3 Tz = 1YOOK => hs 21515.49 2. kT [la › Рез = 450.5 
Ѕ+олеҷ First, аы hus. For tseutropic expausion 
Реч; СРЗ) Pa = 37.542 => hys = 768.38 KTI ko 
Using Wa turbine efficiency ; Ny = (ha-ha)/Ch3-hys) ; 
hy = ha е Ne Ch a- hus) = 843.08 KT / kg 
(Ау Tha net work per unit mass of air fHowwg | is 
tese a (ул а-чу С.м) 
= (1515. - 843.0%) - (623.4. — 240.006) 





= 33.6 kT / о — — Меню 
For the ideal 
(Жем) ад 7 nsus) - Cra) 


440.1 k3/ka Caen 
Thus, ieee reduce the net work Sign fi cantly: 
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PROBLEM 9-44 С Соиіч-) 


(b) The heat rejected per unit mass of air Howirg is 
Aout = Wy hy = 84306 - 24046 = 552 .12 kT/kg 
For the ideal cycle 
ud ded ^ ^e = 18.2 ES (M) 
Thus , less heat is rejected for Wa ideal ade. 
(c) The thermal efficiency is 


ама[қ, 


m=i- hu~ ni E G 562 12 
ha-ha (515.4 - 623.29) 


For tha ideal عل‎ 


Ү\ = \- — = 0.483 (uS.S ie) 


na- hes 
Thus, wveversibilities cause a substantial decrease in Hamel 
EFC, 
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PROBLEM 4.50 


KNOWN! A simple gas turbine is analyzed ом. WH aiv- standard basis. 
The conditions eurteving phe compressor and te compressor 
ond turbine efficiencies ave kuown, The compressor 
pressure ratio and Wo temperate at the Eure Wwe. wet 
are specified as well. 


EP: Determine Cay the Volume mc 
temperatures at tha comptes or AN 


thermiat efpacency. 
SCHE iC WEN DATA. 


flow rateentering the Compressor, со) Me 
d turbrne exits, and Сс) the 






| 
і 
iL 
l | 
> =ч belî Weyele е 60 ВЕУ 
ASSUMPTIONS · = í mo cycle = 
MPTIONS’ Зее Example 1.6 1 -25209f be 


АМАМ 515: First fix each ot the principal states CTable A- 22€). 
State! T,«520 9g => И, = 129.27 ӨмАЛЬ, Pp, = 1.2197 


State 2 Foran isentropic compress ton. i Peas (Pa 1P, ) Pes = 11.006 
Thus , has = 204.12 Btu/lb. Using the Conpressor efficiency, 
= khao = hoe aache 22422306 6wIb, 
R = 12.06 OR, — — — & 
State 3 T3=2500°R => Мзу=бЧ5.78 Вї#и/1Ь , Pps = 435.7 
State 4 Foran is entropic ехраиҳ (ом. , Peas = (Py [Pa ) Pres = 31.12] 
Thus, hys = 313.36 Blu/Ib. Using the turbine efficiency , 
h,-h 
np = — a> h = hz- Y (ha-h45) = 356.57 Bulb, 
| Ta = 5209р. emmm 
` The thermal efictency ts 4 4 
yes: 228 350.51-124.27. 


mache =¬ ете oan qo 20982 (24.270) ^. 


De 


To find the VOlume tic Fow mat o — ihlet Tot cows гок, 
м< 

Weyete мч [^ -hià - Cu -h. 1 a wy | (05718 - 356.57) -( 243.36 - 124.27) | E 
= ма [120-92 م‎ [ Sie 


where 
3 thf | 
me CAV) (Gv), £ ) (eim д.) | comin) = 4.362 [00,8] 12 
RTI ists Ф106 соок у — (520°) 
— Be) 
Tut " А > 
Btu v 
(Av), = з 94-9 s £13 چ‎ — ——— 
(4.362 e {20,12 Bim) pain 
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PROBLEM 4۰3| 


KNOWN: А simple gas turbine is analyzed on a cold aw- standard basis. 
The conditions entering The turbine aud the turbine avd Compressor 
efficiencies are knoum. tha Compressor pressure vatio aud 

tewporatuve at Ha turbine inlet are specified as well. 


FIND! De termine Ca) the Vo ume trio flow rate entering the Compu 5 SOF) Ch )-t ka, 
— +e@mperatares at the Compressor and turbine en tt, and Сс) Ha dte ro eff ency , 






50 c EN) DATA: 


S 
ASSUMPTIONS: Same asin Exoawmple 2.6. 
Also, assume constant 
specific heats evaluated aT 5Z09?R. 


ANALY SLS: From Table A-20E, k = 1,401; фә = 0.240 Bl«/lb.9e. Т = 5 20° Ls 
ven aud T4 =2500°R is given. 
State 2 Foran iseutropiccongresston , т, (Р/р) Ж T, = 06.8 ^R 
Using Ha conpressor efficiency , 


n,= hzs-h a (pCTss 711) = Tesh . o Ta. 
€ hanh — 21, 5 > Т, T, + Ne = [227.0 R 4 


state Ч For ом isewtrepic expansion ‚Т; =(%/е»у®® т, = 174.6 PR 
Using He turbine ec eu qy 


N+ = ha-hy = Ф CT; - T4) 
3-45  CpCTs- Tus) 


D Ty = Tar Ne (5-Tas] 712464 R a't 


The thermal efficiency is 
Nal- hahi 21- WI a 3504 (35.04 Yo) 4 Це 
ha- 4. Ta” ` 


The net power developed is 








Wencle = м [ch 2^ hy) -(ka-k J] = m e [CTs Tu) . | 
= X (as зь \( 446.1 R) | 

where 3 lbf 

ae Carn, [o & Drm АЈ enm ale E] b 

R Sc -ih o " 
GS Eee 1А 
So) 2 рб Btu/h (AW 
(AN), = as = 10,306 £43 [prin e ا‎ y 





4302 — [e 24 4ч) Ble ] 
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PROBLEM ASL 


К моим: А Simple gas +urbine is analyzed O^ An air = Standard 
basi s £r ov ar 


dd m. Viewpoint. ‘Data are Enown at 
various. locations. 


Fı/ND: (a) Develop a full exer accountng of the net ex 
increace af the arr Pass: Жили EN gas tur rine "04 
Combustur, (р) devise and eval vate 


e Fare nim for the gas turhine cycle. 
SCHEMATIC LV : 


an ех егде С. 






осе Pq = 100 kPa 
37 


Avie 5 m/s | 
ASSUMPTIONS. (1) Each component is analyzed as a control Volume af 
Steady state .(2) The compressor and turbine are adiabate (3) Kinehe 


and potential energy effects are negligible. (4) The working Llud is air 
modeled asan ideal gas . (5) Let To = 200K and po = loo kP 


a. . 


ANALYSIS: Data are obtained for each principal state from Table A- 22: 
State || T CK) >(lePa\ ү h(kTlka) |5°С Е.К) 

| 1 [| Зоо | 100 | 300719 | 1.70203 | 
|. 2 j| 621! | 1900 | 229.2] | 2.44539 | 
_5 |1400 | 950 | 1515.42 | 3.30200 | 
100 903.72 


The increase tu flow exergy of the air passiva through the heat 


exchanger is taken as the net input of exergy toto pas 
turbine. | 


Input: Yn (ерә-еёр) = m [ Cha-h.) - To (3;-52- R $n P/P] 


Evaluating m: 



























3 
3 10062 Мм 
үл AVILA „5 т2/5)( aj | lo Nim (kT - 5.601 kals 
RT, 8.314 lc |( 300 k) `1 kPa lf 10? Nem 
2847 k6 


Thus 
үй (€3 - Spe) =(5 801 d [6515.42 - 623,21) ez] kg 








| _ — 6.34 a SONT >] Lew 
(360 k) (3.36200 - 2.44539 2841“ теве EL] - iai 
= 352Y [eW C input) 
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PROBLEM 4.52. C Cont'd ) 
Exergy is destroyed due to wreversibilities in the comp ressec 
ond turbine . Thus ) ыд" Eds To 9, Use get 
Destructions: 
EY, comp = To m (5.-5,) = Tom Tex $^) -R fa^ РР, | = /13. 8 kw 
Ey rel = Тот [9 - sp Y- Run Рр, ] = 173.6 kw 
The net power developed by Ha сле represents the output of 
exergy from the Jr | Е 
Weyele = w (og mule Chel) | 
= 1641.5 kW (Output) 
Finally, the ow entevs tH дао Jule at Ps avd To. Thus, the 
change m f exergy  frominlet to exit reprepreserAs {ho 
loss Quae to the kot air being dis charged . Thus | 
Loss: Й Сеч- еп) = m [Chy h) To (55-5, -R л DT, | 
1564.8 kW 


Sum MariZing 


* lepuk : 3524. kw 
e Dispesiton ` 
-Net Power : 1641.5 lw (46.6%) 
- Destroyed: 317.4 (9 94) 
0 - Loss: [564.8 (44.4%) 
3523.7 kul 





Since А ojechve of the که و‎ TE w to p doca Power, 
an ам ега eto Ang fe» se d ao the naho {he degre d 
oud pus (wr power) +o tre нү мро رص‎ Ба inspect m4 Toe 
Sy weary 


€ - 46.0°! 


|. Considerable ел e Ls Carried cut ьа le air e s سما‎ qd aot 4 
Тил 5 мл АА Ko Ix poi ted by p э емеге ve op nea ch. 
dagcugted wr Lee. FTF or hy — y ^ ao 
usage dh u Cec. 4.10. 
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PROBLEM 9.53 


KNowN*. A simple дах turbine гу analazed on an arr Standard basis row. 
AA — ат. view point: ` D4. are Enown at various locations, 


F/^D' (a) Develop a fall era accountng Of tha net exer 


of J&» arr passin 
evaluate 


SCHEMATIC ё GIVEN DATA. 


iS analyzed as a control volume at 
Steady State. (2) The compressor 
ond turbine ave одлоо atic. (y Kinehe 
aud potential energy eftectare negli- 
де (4) The working fluid is avc 
modeled as ow ideal gaa.(S) het 

To = S40*£ , vo = 14.5 Wt Line 


increase. 


} rough ho gas turbine Com buster, Cb) devise and 
an ем erae dec eff ссем сч For the gap urbine cycle, 


5 >. 
Pa = Ps = 87 ibeliue 5 7n 
SSUMPTIONS ! (1) Bach component Ta = 414?K 






ped 


\ 


" 
Ty 71312? R 
Py = 19.5 Ibf/i 





| T, 3 540°R 
Р, 3 14.5 Wæli 


ANALYSIS: Data are obla. ed, at each erin cipal state from Table k- 22Е: 













State || _p CP SE) | eee) | s? семь. 
|. ff 540 | 5 


L2 j at | $1 | 234953] 0.74287 
| 3 || 2000| 2817 | 504.71 | 0.42205 | 
Lu ] (4.5 | 336.%1 | 0.63164 


The input of exergy to the gos tuwbine is equal to We 
crease m Wow exergy ot dhe worlew4 Hiid passing TeAousl. 


Жа heat exthavoer 
о 

Lnout : (еғз- e gs (05-и. -Tes2-si)- р. Du, FE]. | 

= [68.6 61 lb 


Exergy is destroyed due to trreversibilities iu the compressor and 
turbine, Thun: wi Ва = Too 


Destruct ions: (бајт) снр = To ((5%-3°) —RQuPe)p, | = 1094 Bh/lb q 
(@/м)еь = To (CS, - 53) - f. Qu. Pulp) 21243 Bla/lb 
Exergy o carried Out nana the net work: 
Chz-hy)- Chg- h) J = 62.33 Съ./1 









W eqcte /m = 


Exergy also to carried oub wih. thr S trea & г ^4 ot +. The 
net — 9 hoses ف‎ then 


о 
белй к Сна и) = Te (653-59) - Иб) 
= 83.16 Gb 


«—— — 
Summary : 
° : : |. — 
Taput l8. RH//b e- (stt wer — 
• Dispo na: DM inpet 
ах work 62.33 fü Ww//5 (37 4) 
— dos troye d 23:0 + 8t4/ lb — 
@ = loss $3.1 Bry, (44.3%) 





169.6 Btw/ le 
|. Cons. de yo ое exergy А carried ont bu the air GLA ic raed Ot 4. she 
aa e ay ae ed neqenara Wwe oppaor iW disussed ) е Nt 


la Soc. 4.3 or °ч 
meant of a Combined cycle as desoosfed w бес. 4.00, 
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PROBLEM 9.54 


KNOWN: A regenerator of known effectiveness is inorporated into the 
cycle of Problem 9.48. 


END: For cach of three compressor and turbine efficiency values, plot 
@) the thermal efficiency ,(b) the back work ratio, cc) the net 


power developed , and Cd) the rate of exergy deshuction saa с ай 


—— — — —1 
Regenerator 


pon, 


SS. шлам 












Compressor Turbine 


Тү = 300K < P 4252 
p1 = 100 kPa Ot help, 


S | (AV) = 5 м3/5 
ASSUM PTIONS' Same as "7! Example 1.7 ,except И. = ms 100%. Р Also, let Т * 300k... 





ANAWSIS: Consider the Same sample calculation case as in Problem 7.48. 
That is, Ye = И; = 80% and P2 IP, <6. The numbered states are unchanged: 


h =300.14 kSl kg 
h, = 605.18 кз | ka 


№. = 1515.42. lez 





The specific enthalpy hy ts found usring the regenevator effectweness 
Vreg z UR xdi ^ res hu- ha) th, = 414.06 kT les 


For the regenerator: О = Ch, - hz) t(hy- hy). Thus 
hy = hu - Chy-hr) = 682.42 17114 
Ф) The thermal efficiency LS 


hy-h, o 
2|- ——3 ا‎ z 6.364 (36.4%) 


(b) Cc) As the numbered states are unchanged , the back work ratio amd 
the power developed are the same as in Problem 3,48. Thus, refer Чо 
the plots th Problem 9.48 for bwr ама Weucle . 


(A\ For the regenerator ; ths nok. 4 arg Фао уус С^ م‎ 
Ea = To Tye, = Tom [ (5-5,0 + CSy- 5чу] 


o | o 
= ъкю сарв) еы Лр, + (59-547) -R НЫ] 
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PROBLEM 4.54 (Сем! 4.) 
Inter polatin 
Problem 4, 46; sF 


E, y = 65.64 kw 


ll „Тайе A 1; 5,7 2.82748 kx leg € omd Sy 
= 2, 40593 amel 52 = 2.91166 . Thus, with m = 5-807 leals 


2 4.52779. From 


The data for Ma reauwed plots are ab huned Using IT, as Follows : 


IT Code 


p1 = 100 // kPa 
T1 = 300 //K 
p2 / p1 = rp 
гр=8 

рз =р2 

ТЗ = 1400 //K 
p4 = p1 
AV1=5 // m/s 
eff_t = 0.8 
eff c = 0.8 

eff reg = 0.8 
То = 300 / К 


h1 = h_T("Air", T1) 

51 = 5 TP("Air", T1, p1) 
525 = s ҺР("Аіг", h2s, p2) 
525 = 51 

h2 = h1 + (h2s - ht) / eff c 
52 = s ҺР("Аіг", h2, p2) 


h3-h Т("Аіг", T3) 

53 = 5 TP('Air', T3, p3) 
545 = s ҺР("Аіг", h4s, p4) 
545 = 53 

h4 = h3 - (h3 - h4s) * eff t 
54 = 5 hP('Air", h4, p4) 

hx = eff_reg * (h4 - h2) + h2 


PLOTS: 


Ne = nt = 100% 


Ne = n: = 80% 





2 4 6 8 10 12 14 16 18 


Гр 


Note Jot M Mp 
{кд — 
медала eer ЯА тй: 


20 


SX = s hP('Air", hx,p2) 
hy = h4 - (hx - h2) 
sy = s ҺР("Аіг", hy, p1) 


mdot = AV1 / v1 

v1 = у ТР("Аіг",Т1,р1) 

Wdotnet = mdot * ((h3 - h4) - (h2 - h1)) 

eta - Wdotnet / (mdot * (h3 - hx)) 

bwr = (h2 - h1) / (h3 - h4) 

Edot reg = To * mdot * ((Sx - s2) + (sy - s4)) 


IT Results for rp = 8, n; = nt = 0.8 


h; = 300 kJ/kg 
h = 605.1 kJ/kg 
həs = 544.1 kJ/kg 
hs = 514 kJ/kg 

h4 = 990.8 kJ/kg 
hus = 859.9 kJ/kg 
h, = 913.6 kJ/kg 
hy = 682.2 kJ/kg 


= 0.3636 
bwr = 0.5828 
W = 1268 kW 
cycle 
E = 65.37 kW 
d, reg 
500 
400 
= 300 
D 
= 200 
* є = тү = 100% 
100 T т\с = Nt € 100% 
0 





2 4 6 8 10 12 14 16 


18 20 


efPechwemess WAMeaces , Hore is. less hed nt ما‎ 
jer Mermal efPiciency ( power is umathec ky 


1-84 


PROBLEM 9.55 





KNOWN: А regenerator T incorporated into the cycle of Problem 4.14. 


FIND: Plot (a) the heat addition per unit mass ef aur flow ma ond 
(b) the thermal efficiency, each versus regenerator effectiveness 
varying from 0 tol. 


SCHEMATIC $ GIVEN DATA: 


Туг1Чоок, 





— 
Compressor Turbine 


ASSUMPTIONS: See Example 4.1. | T= 290K 2.1 
AIVALY S| S ` The numbered states are the same as 7 Problem 4.44. Thus 
h, = 240.16 kT/kg , h,= 623.84 , Wh. s 1915.42, hy = 843.08 


Consider the Sample case of 1 20,8. the specific enthalpy hy iS found 
using the regenerator effectwemess j 
hx- he 


сад = [ETE =p Mx = Maat hy-ha) th. = 744.2 5 kf ka 
From an energy balamce on yhe regenerator 
hy =(hy-he) thy 20674 7/4 
(a) The heat addition per uwt Mass et «uc Flowing Is 
Ain [m^ = h-hx = T1632. kT/kg 
СЬ) The Hermal efficiency [s 


Ма-и 
= 1-5 = 0413 (41.3 4) 
hq hx 
The data for We vequy ed plots ave oblatued using IT, as follows - 
IT Code $25 = 51 
_ h2 = h1 + (h2s - h1) / eta c 
2 Г сн = h3 = h T("Air", T3) 
p1 = 100 // Assume p1 = 100 kPa sins o did n 
7 (actual value doesn't matter) 5 ВР 
в none h4 = h3 - (h3 - h4s) * eta_t 
р4 = рі hx = eta_reg * (h4 - h2) + h2 
eta_c=0.9 hy = (h2 - hx) + h4 
fg ae 8 Qdot / mdot = (h3 - hx) 
— mdot = 1 // Assume a unit mass flow 
: rate 
h1 = h_T(AIr", T1) 
51 = s TP('Air", T1, p1) Pere ee 


525 = s hP('Air",h2s,p2) 


PROBLEM 9.55 (Codd. 


IT Results for пез = 0.8 


h, = 290 kJ/kg 
h> = 623.7 kJ/kg 
ha, = 590.3 kJ/kg 
hs = 1514 kJ/kg 
h, = 842.4 kJ/kg 
hus = 767.8 kJ/kg 
hx = 798.7 kJ/kg 
h, = 667.4 kJ/kg 
п = 0.4725 


а /m = 715.5 kJ/kg 
in 


PLOTS! 
900 0.6 
800 
05 
700 
Q 600 0.4 
€ 500 : 
0.3 
Е 400 
E 
с 300 0.2 
200 
0.1 
100 
0 0 
0 01 02 03 04 05 06 07 08 09 1 0 01 02 03 04 05 06 07 08 09 1 
Treg гед 


Тһе needed heat (apu decreases as U гл + |. Accovdingly, the Илл vct 


e icim increases as Mes? 1,46 expected. 
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PROBLEM 4.56 


KNOWN: A regenerator 15 incorporated into the cycle of Problem 4. 50. 


Emp: Plot (a) the thermal efficiency anc (b) the percent decrease in 
heat addition , each versus regenerator effectiveness ranging 
from o tol. 







| Turbine ^ ^ ne. 81 
ASSUMPTIONS: See Example 1 T= SOR Weyde = 5 xio® pull, 


ANALYSIS! Consider the sample case of N reg * 9-78. The numbered states 
are the same as in Problem 9.50. Thus 
И, = 124.27 Blwlb, h, = 292.16, hg = 645.78, h} = 356.57 


The specific enthalpy h, is found using the regenerator effectiveness ; 











Compressor 





x 2 | 
N res? T => = real ha-ha) th, = 392.53 Blwlb 
From an energy ра(амсе on the regenerator 
(a) The thermal efficiency ks 


И = | - Tum = 6.398 (за. 8 fo] 
3 "x 


(b) The percent decrease in heat addit ton is 


h > Do C - 
УА decrease. = ( 3 aa Аз hx) x100 = 14.1%, 
37 ^1 
The data for the required plots are obtained using IT, as follows: 

IT Code 
p1 = 14 // Ibf/in? 525 = s hP("Air", h2s, p2) 

M — 525 = 51 
ЈА " vs à h2 = h1 + (h2s - h1) / eta. c 
* — h3 = h T("Air", T3) 

Е Я 53 = s ТР("Аіг", T3, p3) 

Е 545 = 53 
Hd — h4 = h3 - (h3 - h4s) * eta. t 
eta re - 0.78 hx = eta reg * (h4 - h2) + h2 

жанс hy = h2 - hx + h4 

z TM eta = 1 - (hy - h1) / (h3 - hx) 

= Air", T1 | 
т = PA ш; p1) pct = (((h3 - h2) - (h3 - m9) / (h3 - h2)) * 100 
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PROBLEM 7.56 ( Cow" d.) 


PLOTS : 


% difference 


IT Results for пг. = 0.78 


h4- = 124.3 Btu/ib 

h- = 292.8 Btu/Ib 

No, = 264.2 Btu/lb 

h3 = 644.9 Btu/Ib 

h4 = 356.2 Btu/Ib 

has = 313 Btu/Ib 

h; = 342.2 Btu/Ib 

hy = 306.7 Btu/lb 

% difference = 14.04 
n = 0.3975 


0.5 


0.4 


0.3 


0.2 


0.1 


0 01 02 03 04 05 06 07 08 09 1 


Treg 


20 


15 


10 


0 
0 0102 03 04 05 06 07 08 09 1 


Treg 


The heat input to the cycle decreases by about 8% with an део 


War 


Ue aer. Sice Ye power is cmstaut (See Problemq.se), He 
eH ciency iun creates by a Compara amt. 
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PROBLEM 457 


Known: Aw ideal reqenevative gag turbine 15 auclyred on a cold 
aiv-Stoudand basis . 


EIND: Show Hat Ha thermal’ efficiency com be ex Yessed as 
We 1- (= е) 
wheve vis pressure ratio, oud T, aud T, deuote the compressor 
aud јал (ие. inlet temperatures , respec tively. 
SCHEMATIC ¢ GIVEN DATA: 3 T; 
ASSUMPTIONS: Same as in Example 9.7 


except Wreg = 100 Yo E ^ iso; 
assume constant specific heats. 


ANALYSIS : The Marmal ecccc емсе ot 
Hae ideal cold aw-standard ede. 
cun be expressed as 


m=i- yT) 





UWIHA Ni ren 7 \©о°?/°» , Tx Ty and Ty = Tz. „ aus 
Sia deci. . T (Ter = 1) 


Ta — Ty =| Ts C1- Т4: ү 
If r=e/p, = Pal Py, the isentropic celahons apply; 


Ts 1 ye) 
Ti 


Tha BAS si) 
үүт! - Ts (1- Чу; | 


qhe bracketed term is ot the form 
a-\ | | at | ر ے‎ _ ЕД. 
Use] le] veer 


wate 5 гу“ n 


(=. 
алд May be 
Ta 





Finally 
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PROBLEM 4.58 


KM оох ay ! Opera thng data are provided for an air-Standarad Brayton cycle. 
£r О: Deter nine {ha thermal effraency and net pouser developed) i£ 
Ca) А+ = Ис = 100% ) Cro) Vp = FE °/o, 


йе= Hh, c) Nez E296, Nc=s¥%, 
and 4 Asgenerator wrth “regen 29095 s nerporated. 
SCHIMATIC£ GIVEN DATA : 
For (a), refet Ag 8.10 hif (0, Р, = INT Ue Lin 
For Ce) , ^^ fo fig. 9.135 


T = о, m «ato Ы/А, 
For Cc) ) re fr to Agure oe lour 
3 | 


Ta = 2200 °R 


ASSUMPTIONS: 


See Examples q.4, 16, 4.€. 





Аю AUTOS: Us ing data feo Te ble А-2.2.Е- 
State к T; = S 3o*fc. 


E hz 126.66 Bhul lb Рес 1.2.9 #8 


State 2s: Fras = (Ё /е)е,, 212.418 
State 3: 


2) Nass 244.68 BH / le 
Tz 22200 °R, hsz $60.94 36/10, Ёз = 256. 
Stota чє: 


Pres = (Pega = 20.66 9» hys= 296.7 ISfe/ ما‎ 
€ Ideat cycle. 








S Ate Weqele, = Qin - ® out and йы Wesele / Qin) Dt 
get . 
qz 1- Ger qo. Cet „ү. (207 nU" N= оче. (46290) 
Qin ( ^3- hes) 9Co.$4 — 2468 w 
Ths wet power devatomed ص‎ 


Weycte = Wt- We = 


Ca) 


Ww (C sei) —( Nas -h,) | 


[Ар 
= (а «ot cs vost — 2100.8) - (25.66 - 100-60) FE 


zs 
= SIS$ hp А (4) 
(v) ^t* 88% jc 84%. Using data given above 
Wee hast a h,= hy + Uschi) ے‎ 267o Bho 
иу “nt á lb 
Mt = hz -hy > hee he -t (из-ич‹) = 325. G ha / le 
3-54 
Co) 
e. doses hy-W\ - | (ETC 0.312. (31.2%) a 
uc sd : $C0.$4- 267.6 
Wade = Ме - Мет w [ CO- hv) —( ha -b,) | 
A 
= (quie) | со.“ 32-4) = ) 2676 - 126-66) J ET 
b 
= 3242 Кр — 
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PROBLEM 9:58 ( Cord. ) 


CYNt= i9, W= 849%, V\regen = 80% 
Thus Spa ca fic en واا‎ hy vo Po unr 4 و‎ Ths ^9 generator 


etc hve үш: 
Wegen = gea => hy = Viregen (hy ha) ahr = 316. 5 G t./ b 


The addi hon 6 ©. regenera tr dees net affect tra 
PAX que out, ل امانا‎ Same ао wx Co) : 


Weycle = 32 Y 2 hyp (c) 


Tho they nwt n e? dir, ЗА 


~ Weyee/m _ (и-и) Са) 
Y — т هد‎ 
iu / wm (Wy - hx) 


_ (Geo. — 325-4 У (267.1 6- (26,6 6) 
- (Sco s4 = zey > CERIO (ce 0 
(Sco. уа - 316.5) 
Cc) 
= 0.376 (346%) — 
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PROBLEM 9-59 


KNOWN: In a reqeneratwe gos turlbme power plaut, a high pressure 
turbyne Yunus the compressor ond the net power output 
15 provided by o. low pressure turbine. D ave. ЇКА озу 
at various locations. 


FIND: Deternune (a) the vat power out put, Co) ths +her met effieency, 
and (c) -+he Wupeyature at Che: 2,3,35)6, T. 


1 bar 


С. IVE 





Ty =1200K 






ASSUMPTIONS: Ч) Each component is 
analyced as a cowtrel volume. at steady 
state (2) The compressor turbines and | 
regenerator ave adiabatic ,3) there. | 
aê noeressure drops for How trough Wet <F TT 
the heat exchaugers .(4) Kinetic od the 

energy effects are negligible, C5) The working Muid is air modeled 
os au ideal qas. 


ANAUNSIS* First, fix each of the principal states (Table 4- 22). 
diate |: T, -300k => h=30014 kTlkg , Pr, = 1.3860 


state 2: For an isewtropic compression , Peas = (PelP,) Pr, = 5.5ЧЧ > has = 4o. ET 
Using tha Cowpressoc efficiency , 


h 47 h => 
We > TL. => М, =, + hag bu) = 483.0 kTlkg ر‎ = ЧИК ж 
State 4: Ty = оок => hy 1277.79 kT / ka 
State 5: The work ef We compressor and Ма high pressuve. turbine 
ane — Thus ; bush. = hy -hs => hs = 1049.92 kIlka 
From uro e, eC f iciency ; hy-hs = Wt Chy-hss) 3? hss= 1067.59 
Thus ر‎ Press = 22.8 and. Ps = Prss/ Pry) Py = 2.0058 bars 
From hg = lotua X» Pre = 134.114 ر‎ T& = 1043K. ⸗ 
Stale о · Рг Se Wop té ex pansion Hwrough the lew pressure turbine | 
Pros = СРе/ Р) Р = ( poes) 134-11) = 65.437 => hes = 816.40 
Using Hae turbine e ficiency ‚ E hg- n (hs -hes) = 922,21 ы! ; 
Зіне 3: Now, using n regenerator eff ectweness To - 390K س‎ 
Meg" — => ha = Me С. Wy the = 878.3 kT lle. ) 
T3 = $51 К 
State 7: Appl ging mats and energy Cake balauces +o a Con tro! Vol vung 
enctesing thre feyeneratur, О > (ha-hs) 4 (wy -h7) S 
ly = Ст-һ;) Ио = &£1.06 -8 75.3 4922.21 = S 26,97 le sles ر‎ 
T; 53 <  -«4—— 





High pressure 
turbine 
Ne = * 6 d 


1 bar, 27°C 
+ 
Low pressure turbine — M7 0. $62, кэ 
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PROBLEM 4. {9 CCosfd-) 


The ret Power output ضا‎ tre ary Чалла se b q dua 
low рл гелге turbine! 


Wnet =m ( hr-hg) 


= (0.562 ey (load. 42 - 422.21) 5 | | кз: | 


= 1۹73.1 с \\! ——— 


The Hornet M پە اف‎ o 


Vnt L Whet 
'\ и Qin w (hu-h4) 
(43. € 9/5) = 0.432 (432%) — 


(о-ы. €?) [277-21 -$75.3) T 
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PROBLEM 4.60% 


KNOWN: А regenerative gas turbae is analyz ed оу. aw aw-staudarvel 
basis. Data ave knoum at various locations, aud the net power 
output is given. The isewrrepic efficiencies of Жо compressor 
aud thine are also Specified. 

EIND: Determine Сау the Hermal efficiency Ch) the regenerator 

effectweness , amd (C) Ha net power out pu. 


SCHEMATIC { GIVEN DATA: 


T= (100 R 





(AN?) с Злу Ени 


ASSUMPTIONS: See Example 4,1 ‚ except Vit=V\c = 0.84. 


ANALYSIS: First, fixeach ef the principal states CTable А- 22€). 
State ( T,2=537°R => h, = (28.34 81«/lb , В, = 1.3993 


State 2 For an isentropic Compression > Prag (Ps/ P) Pr, = SeS Thus , 
Was = (92,16 Bk/lb. Using the compressor efficiency 
_ has-h Was 
Ма 25-4. д» h,a naa =) = 205.03 6l 


Slate 3 T= (1002 > И, = 422.51 вки, ў; = 40.45 





Siete Ч For өм iSewtropic expos Leve , Ты CPy/Ps) Pez s 21.890 . Thus, 


h ys =284.01 "edad Using the turbine efficiency 
Wy > PEE d» ys hy We Charles) = 300.18 6М/Ь 


State y T= ((10 ?& - ky = 21103 BW Ib 
(0) The thermal LM " „л 
= Weyse Гил E y^) = Cha-h с 2 
YL Qu |мл р e 0.1.01 (lOl js) vw 
` (9 The Y tow eratoc e Ceckweness is 


М-м PTEN: n 
Vua * TT = 0052 Sa 9 


(<) The net power out- put ص‎ 
Weycte =m (h3 -hy) ~(4,-h) J 





va > (АМ) Р, (3, Lio? £t (SIA lef] £r) — = (400 ¥(0° ГА 
j E h- 
| - Гү fuf oR) 
CRT 26.97 lb- oR X 531 
Thuas 


Weycle 2 ((.{оохго®? }[ (422.59 - 30948) (208.03 - 28,34)] 6 weycle.. 
<S Sb *(0! Bah 


qq 


1} 


7-99 


PROBLEM 4.0 | 


KNOWN: Air expauds in wo stages through a turbine wit reheat 
between the Stages . The stakes are specified at tHe inlet 
aud exit of each” component. | 


EIND: Determine, per umt mass of air flowing ر ر‎ the work 
developed by each stage СЪ) the heat transfer for rekeat , 


aud (с) the“ mcrease in net work compoved to a single 
stage of expausiom With no reheat. 





=] 
P=l200km 
T, 1200 


ASSUMPTIONS : (1) Each control volume is at steady state (2) The turbmes 
operate isewtropically.(3) Kinetic aud potential energy effects are 
vea ite Ve. (4) Tha working Fluid is Gir modeled as an ideal gas, 


ANALYSIS: Frret, fix eoch of tHe principal stakes CTable A- 22). 
Stałe | T,=lrooK => h, = 1277.74 kTl kg » Pr, 2 238.0 
Soke 2 ри. = (PIP) Pe FAND М. = 91201 kk 
21046 2. T, =\2ook => h,= h, 21271.74, р, = fp, * 238.0 
ote U Pry = (Рч/р,\Ръ= 69 => hy 2706.85 E3/ka 

(a) The work developed by each 5 wu 





adl 
4 پ۴‎ = (оо kPa 





War/m = h,.-=h = 865.68 و‎ OF 
` . Е -- | Cu (ум 
Wl = hz- hy = 370.94 КЗ tks = 

(b) For Ма veheater 
2 > ha-ha = (иллла- 912611) = 3654 ызы Ол» [к^ 





(c) To determine the work for a Sinale stane of expausio , determine 
haas follows . 


Peg = #*/т,) Pe, 14,6 53 ha = 638.58 kTlky 
Thue Wi = Chiba) = 234.21 kT ke 
oud 


(365.068 t- 37044) - 634.2 
ol, \Indrease = ——M— M p ! Xlo0 15.294 9 ine. 
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PROBLEM 9.62 


KNOWN: The two-stage turbine with reheat in Problem 9.61 is reconsidered 
with turbine stage efficiencies less than 100%. 


FIND. Plot Ca) the work developed by each sfage , (2) the heat Transfer for 
the reheat process, and Ce» the percent increase in work for the 
two- stage turbine with reheat Compared фо a single expansion , for 
each е ciency , ond for interstage pressures ran ing from 100 Jo J200 kk. 

SCHEMATIC Ê GIVEN DATA: 


See Solution to Problem 9.61: for 
schematic. 







1200k 
оо 


n na doe 

‚ (1) Each contro! volume isat боҷ 
state .(2) The turbines operate | 

edt baticallq.3) Kinetic omd potential 

energy effecte can be neglected (9) The 


working fluid is air as an (deal GOA . 


Р, varies from 
Joo fo |2©© E €. 


‚ Consider the sample case of А = 350k Poa ond Ny FN = ©.® Fixing 
each of the principal states : 


Stale (: Problem 4.01: Т, =izook , h = 121123 716 

stee 1. With h, = 212.1 from Problem 1.61, aud using He turbine e ficiency 
bh, > h,- Ne Ch- has) «485-45 ЫЛЕ 

Sea: h,= 1277.79 k3 [Ls 

Фоа. With hys = 906.85 kT lke j hi? hz- Wy Chs-hys) 2481.04 КТЕ, 

Stale. a: Ид; = 638,58 LIlkg j h,= h,- Ny Chim has) = 766.42 k34 


(a) The work developed by each stage 15, respectively 
Wer Im = h -ha = 242.54 1/14 
We, /m = hyhy 7 256718 к/а 
(b) For the reheater 
Quis _ 
re ha-ha = 292.94 kT | ke, | 
(с) for comp ari Son to a swasle ове {Ке perceuf гмсғегсе li^. Worle Ls 
Wik a h-ha = SU.37 eT! 
Thus bL eine a 2 ?Ч 4246-15) - 511.31 
510.57 


The plots on the next ose shou how each of These pr 
уйата with interstage pressure for euch of three effi tency values . 


NofE that ene Curve is needed for tha Zo incwere гд work, 


stuce the effičiency value caucels out if the same value is used 
for гос Stage. 


The dota fov the required plots were oba ad using IT, as fo llows : 


xos 215.2 7, 
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PROBLEM 9.62 (Cont'd.) 


ІТ Code 


p1 = 1200 // kPa 
Т1 = 1200 //K 
p2 = 350 // kPa 
ТЗ = 1200 //K 
p3 = p2 

p4 = 100 // kPa 
eta t = 0.6 


h1 = h_T("Air", T1) 
s1=s_TP("Air", T1, p1) 
525 = s_hP("Air", h2s, p2) 
525 = 51 

h2 = h1 - (h1 - h2s) * eta_t 
h3 = h. T('"Air", T3) 

s3-s TP('Air", ТЗ, p3) 
545 = s hP('Air", h4s, p4) 
545 = 53 

h4 = h3 - (h3 - 45) * eta t 


Wdot1 / mdot = (h1 - h2) 
Wdot2 / mdot = (h3 - h4) 
mdot 2 1 // Assume a unit mass flow rate. 
Qdot іп / mdot = h3 - h2 


PLOTS: 
700 


— — jsentropic eficiency = 100% 
600 —*— isentropic efficiency = 80% 
—+— isentropic efficiency = 60% 











3 500 
= 
re 
~ 400 
j= 
~ 300 
® 
200 
100 
0 
100 200 300 400 500 600 700 800 9001000 1001200 
рг (kPa) 
700 
——— isentropic efficiency = 100% 
600 —«— isentropic efficiency = 80% 
—— isentropic efficiency = 60% 
o 
x 
5 
= 
E 


100 200 300 400 500 600 700 800 9001000 1001200 
рг (kPa) 


Wdots / mdot = h1 - ha 

sas = s ҺР("Аіг", has, p4) 

sas = s1 

ha = hi - (hi - has) * eta_t 

pct = (((Wdot1 + Wdot2) - Wdots) / Wdots) * 100 


IT Results for n, = 0.8 


hy = 1277 kJ/kg 
һ = 984.9 kJ/kg 
hos = 911.9 kJ/kg 
h3= 1277 kJ/kg 
h4 = 980.8 kJ/kg 
has = 906.7 kJ/kg 
ha = 768.7 kJ/kg 
has = 641.7 kJ/kg 


Wr /t = 292.2 kJ/kg 
Wo /m = 296.3 kJ/kg 
а, /m = 292.2 kJ/kg 


% increase = 15.77 


700 
600 
900 


400 


/m (kJ/kg) 


300 


t2 


W 


200 


—— isentropic efficiency = 100% 
100 —*- isentropic efficiency = 80% 
—— isentropic efficiency = 60% 





100 200 300 400 500 600 700 800 9001000 100200 
pa (kPa) 


96 increase in work 


6 
4 
2 
0 


100 200 300 400 500 600 700 800 9001000 1001200 
рг (kPa) 
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PROBLEM q.G3 


KNOWN: A two- stage tuvbine with reheat mgs operates at © state 
| Udo ape i ied Ccowd.otceows . Р "m 


EIND : Show that the maximum work ts developed whea tha pressure 
ratio is He same acres each stage. 
$ p.v 


SCHEMATIC УЕ ТА : T : T,= Tp 
л, 
2. 





S 


ASSUMPTIONS: CO) Fach component 1S analyzed as с. contro! volume at steady 
stoke. (2) The turbine expansions ave istutropic ‚С 3) There is no pressure drop 
through tha veheater aud the temperatures at tha turbine inlets are eq wo. 
(Ч) Kinki and potential nergy CEES are negligible. C5) The working 
Hurd is wir modeled as an ideol gas with constout ¢ and |. 


ANMNSIS': The turbine work developed is 
we z(h,-ha) tlh ь- № = Co |G, -Taj + (т-ту 


With z= To 
МЈ 
= т Ce irme = т, l2- 2 - Ta] 


For the isentropic ре Lens 
T. P: T. 2. 
WS) ot Hs (R) 

Thus . kes -i 

Че ет. L(G) Е-(@ у: 
To determine the pressure. р; that maximizes Hie total, form the 
derwahve .. | t 1 
wely - Kai а 
Кө). т, (KAET (4) (BYE ву] 
— E UAR ka 
| “eT (ACF (GE) e] 

For 9 wija) =O => Pe _ Fz 

ov: РР FC 


By checking the second derivate if cau be veritied Wot the total 
luyline worde IC б. WAN (ARUM. 
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PROBLEM 9. 6H 


KNOWN: The regeneratwe cycle of Problem 7.54 is modified to tndude a 
two-stage turbine with reheat. 


ED: Construct plots ¢ (a) the thermal efficiency, (o) the back work 
ratio, and Cc) the net power de veloped for each ot ет 
compressor amd turbine efficiencies versus & renge o 
Coyupressor pressure ratios. 


SCHEMATIC É GIVEN DATA: T 


ASSUMPTIONS: Same as tn Example 
17, except и. = и; ILE: 1009. . 


ANALYSIS: Consider the same sanple 


HOOK, 





1 case as in Problem 9-57 | — 
With И.И, 20, = 0-8 ол. p, (р, = 8. J teen ZH 
The following states ave unchanged : 2. Fe. 7o 75 

| a Ра 
т ; Jj EE ا‎ 
la, = 300.19 17:64 = 
р: 695.18 
وما‎ = 1515.42 


Slele а: Р /рд = Р/Р => Fac 262.8. Also Pr, Мз (т, 1Р\ 154.28. Thus 
а, = 1146.8. With the fuvbine efficiency; и = h,-(hy-has)h, 31214.71 27044 
State: Tp, = Т, = Nook. hy = hy = 1515.42 1, 
State 4s: Prys = Р, (E fp, ) 5151.28 = hy, = ha, = 1458 kT/kg. And, with 
the Vowloie efficiency; hy = ha = 1214.7 C37 ka. 
The specifie ental py hy Is 
^x = Wreg Chy—ho) th = 1036.8 kI/kg 
And , waua ing Ny | 
My = hy = Ch, = lY = 728.00 lk T/ 
cay Thethevmal efficiency is 
-E (hy-hy) a o 
W-I [CREUSE УНГЕ. OHO! (40.1 Yo) 
(e) The back work ratio is 
bwr = = 0.5157 
2(h3-ha) 
(c) The wet power developed by the cycle in found from 
Weyda We, Wer-We = th (Chhai Chy-hy) - СА.) 
Lith W = 5.8071 leal s from Problem 4. ST, 
Wete = 1663.4 kW 


The data fur Wa regured plots ave obkuned Using LT, &$ fo lows: 
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PROBLEM 94.6 (Cont'd. У 


IT Code 


р1 = 100 // kPa 

Т1 = 300 //K 

p2 / p1 = гр 

rp =8 

p3 = p2 

T3 = 1400 //K 

p4 = p1 

AV1 = 5 // m3/s 

eff t= 0.8 

eff c» 0.8 

eff reg = 0.8 

To = 300 // K 

h1-h T('Air", T1) 

51 = s_TP("Air", T1, p1) 
525 = 5 ҺР("Аіг", h2s, p2) 
525 = 51 

h2 = h1 + (h2s - h1) / eff c 
52 = 5 ҺР("Аіг", h2, p2) 


PLOTS + 
0.6 


0.5 

0.4 . 
= 03 

0.2 


0.1 


6 8 10 12 14 16 


Гр 


N 
м 


0.9 
0.8 
0./ 
0.6 
0.5 
0.4 
0.3 
0.2 
0.1 


bwr 


2 4 6 8 10 12 14 16 


Tp 


18 20 


h3 = h_T("Air", T3) 

S3 = 5 ТР("Ай", Т3, p3) 
p3 / pa = pa / p4 

Sas = s hP('Air", has, ра) 
Sas = s3 

ha = h3 - (h3 - has) * eff t 
Tbh = ТЗ 

hb = h_T("Air", Tb) 

Sb -s TP("Air", Tb, pa) 
545 = Ss ҺР("Аіг", h4s, p4) 
S4S = sb 

h4 = hb - (hb - h4s) * eff t 
hx = eff reg * (h4 - h2) + n2 
hy = h4 - (hx - h2) 


mdot = AV1 / v1 

v1 = у TP('Air",T1,p1) 

Wdotnet = mdot * ((h3 - ha) + (hb - h4) - (h2 - h1)) 
eta = Wdotnet / (mdot * ((h3 - hx) + (hb - ha))) 
bwr = (h2 - h1) / ((h3 - ha) + (hb - h4)) 


IT Results for r, = 8, n, = n, = 0.8 


hı = 300 kJ/kg 
hz = 605.1 kJ/kg 
Nos = 544.1 kJ/kg 
ha = 1514 kJ/kg 
һ = 1219 kJ/kg 
һ = 1145 kJ/kg 
ha = 1219 kJ/kg 
Nas = 1145 kJ/kg 
һь = 1514 kJ/kg 
hy = 1096 kJ/kg 
hy = 727.8 kJ/kg 
п = 0.4005 

bwr = 0.5163 


= 1660 kW 
cycle 


18 20 —— isentropic efficiencies = 100% 


—*— isentropic efficiencies = 90% 
—4- isentropic efficiencies = 80% 
—#— isentropic efficiencies = 70% 


4000 
3500 
3000 
2500 


(KW) 


2000 


cycle 


m^ 1500 
1000 
500 


0 
8 10 12 14 16 18 20 


№ 
м 
O) 


Гр 
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PROBLEM 4. 65 


KNOWN: A two-stage turbine with reheat opercdes at state under 
soecitie E gy che uim f — 
Emp. Show that the mayimum total Wworte ре is Objained whew 
the pressure ratio js the same across ед stage. 


SCHEMATIC 4 GIVEN) DATA: 


Reheat 
combustor 





FT, Р, 
ASsumeTIONS: (1) The turbine stages are analyzed as control volumes at 
steady state.) The expansion processes are isentropic (3) p; = Py =P: . 
(4) Tí 2 Ty ,G) Kinetic and potential energy eects аге pn ligible. 
(i) The working fluia is air modeled аз àn ideal gas with constant 
specific heats. 


AVALYSIS: The tolal turbine work output per umt macs of air flow is 
“ Б x + ME e Ch, -ha) + Chy-ha) 
or = се | Ст, -Ta) + CT, - Tz)] 
E — Ti 2. 
| "en [o RU 
With T, 2T, , 
We _ = UR LUE 
ê» nl &-3] 


For the isentropic processes : Та/т, „(Р and Тер, =\% "s 
Since Paz Pb PPE -" 

= eT ЕЗ 

We _ Pey © үр, \ 

m^ e Т. |z - (&) -(E) ] 
Differentiating with respect to р; елд after re- arrange mwt 

Cum) „т, (NAT (RR mye 

о; = «ет (e|: 165 - (©) | 


When the partial derivate is set {о zero, the desived relationship 
is obojawed 


KE lf. 
P, Pi 


By checking the sign of the second derivative, t can be verified the 
ме total urine Work output is Indeed maximized at this pressure 
FAT. 
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PROBLEM 4,66 


KNOWN: ALY 15 compressed i a two-stage Com pressor with intercool iq 
between the stages. Operating pressures and temperatures a ra 
g wen. 


EIND: D the. power do run the Compressor and compare this 
e 


| — Fequwed for isentropic compression from the same 
inlet state fo tad same final Pressure. 


С C P2 = 1200 (срд 
SCHEMATIC Ê GIVEN DATA ! uu j 
1 






- 
| 
| 
| 
| 


Ті = 300K 
Py = 100 kPa 





ASSUMPTIONS: Same as in Example 7.1. 
ANALYSIS? First, fix each of the principal states (Table 4-22). 
Shade (: T, = 300K => h,= 300.19 ІК, Р. = 1.3860 
Stated: p.c (RIP) pe, = 4.851 > hee 429,77 kT leg 
State д: Ta - = Зоо[< => he = 300.13 kT (leg › Hrd = /.3800 
State 2: Pry = (PaPa) Ра = 4.752 => h, =427,21 д 
The mass flow rate ts 
WA AV), Pe (10 m/min) 100 kPa) | Imin Што Nin 
RT, 8.34 «ET. \(300k) 1 lef. 
28431 kg- 
The comp ressor power LS 
We = We, + Wea = ууу (hoha + m (h- ha) 
6.1436 3 l(424 11 - 300,14) eh kw 


— + (0.1936)(427.21- Зоо, 14) 
25.087 LW + 24.891 kW = 43.68 EW We 


Е find the power a single stage ef Compression, deerme h, as 


Hows.. 
Pra = (Р. ГР.) Pri = 10.032. = h,=610:05 k3/ko 
We = үм (kah) = 00. eW 


UJ | 
тур = 0-1936 kgls 














bo s 


{) 





Thus 


The decrease in power wi {wo-shage t ntercooled Compression US 


60.1 — 49.68 o reduction 
Yo decrease Е CO. Ае xX tOO 7. 35 a hh power 
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PROBLEM 4, 6% 


KNOWN: The two-stage compressor with intercooliing in Problem 266 is 
reconsidered with compressor stage efficiencies less than 100%. 


END: Plot the (a) power input To each stage, b) heat transfer rate for 
the intercooler, and ©) perceut decrease in power fer two-stage 
compression Compared a single Compression stage, for each 
efficiency va lue gwen , and for interstage Pressures ranging 
from 100 фо 1200 kPa. 









Qo 
o х 
SCHEMATIC Я GIVEN DATA : 4182-4 р 
T <= 80° f 
See solution to Problem 4.06 for bo “le / 
schematic. 
ASSUMPTLONS: Same as tn Example z^ | leo Р. < 1200 kPa 


4.4, except ne, Na, < 1оо°/о. 
ANALYSIS: Consider the sample case 
of PF Py = 350 kPa and с 6.8. / 
Fixing each of the princi pal shtes: | = Ty = 300k 
State 1: h, =300.19 kT/kq (Prob lem 9. 66) 
Sete с: With hes = 429.77 kT / а from Problem 4.66, and using the compressor 
eMuieney he at Cherh,)/ne, = 462.16 l3/ko 
Stated: hy = h, = 300.14 «х/д 
atate 2: hag = 427.21 k3/ka ; h,= hy t (hag hal/ne, = 154.0 єз/ 
(л) The power input foreach Stage is, fer wa = 0.1936 Vols 
We = mChe-h) = 31.36 kW 
Wee = m Clh,- ha) = 30.75 kW 
also у = Wey + Wer = (02.U leW 
(b) For the intercooler 
Д оок = w Cheha) = 31.26 kW 
(c) Determine h, as follows: NL 610.65 KJ[ka (Problem 4.66) . thus 
Аз = h, + Chss-hid/he = 688.3 с7/ ka 


Thus ر‎ mCha-h,) 278.14 lew 
Finally 


75.19 – е2. 
f, decrease = E aAA 


x loo = 17.34% 
Tram 17.34% 
The plots on the next page show how each of these quantities varies 
with interstage pressure “for each ef the efficiency Values, Note that 
only One Curve is needed for the Уе decvease in power Input, 

since the efliciency value cancels out 1€ the Same value ts used 


foreach stage., 


Q -log 


PROBLEM 4.61 (Cont'd.) 


The data for the седиме plots are obtained —R IT, as follows. 





IT Code 

= 11 Kesus TOT Dc = = 99U Kra, 

` p1 = 100 // kPa _ [Т Results for c= ра = 350 kPa 
ee ee о = hd + (h2s - hd) / — 
- nd * S- eta_c 

рс = 350 // kPa eae e Air" с p3) h, = 300 kJ/kg 
P. = pc ane Sc — h2 = 458.9 kJ/kg 

= Т1 d ha, = 427.1 kJ/kg 

3 = + = 25 
р2 = 1200 //КРа панда) аш һз = 688.2 kJ/kg 
E as T mdot = (AV1 / v1) * (1/60) // kg/s Nas = 610.5 kJ/kg 
AV1 = 10 // m?/min Wdotcl = mdot * (hc - h1) hes = 429.7 kJ/kg 
= * hg = 300 kJ/kg 
"T Wdotc2 = mdot * (h2 - hd is 
ia so ш, Wdote = Wdote1 + Wdotc2 DS eee NUS 
51 — Air | T1 p1) Qdotout = mdot * (hc - hd) W , = 31.37 KW 
SCS = сш Air", hcs, pc) Wdot = mdot * (h3 - h1) c1 
scs = 5 € _ * W _ = 30.76 kW 
пс = h1 + (hes - h1) / eta с pct = ((Wdot - Wdotc) / Wdot) * 100 c2 
hd = h_T(“Air", Td) Q = 31.37 kW 
sd = s TP("Air", Td, pd) yb _ 
$25 = s hP("Air", h2s, p2) % decrease = 17.32 
PLOTS ` 


110 110 






—#— isentropic efficiency = 100% 








100 100 —4-— isentropic efficiency = 80% 
90 90 —#— isentropic efficiency = 60% 
80 80 
~ 70 2c. 10 
= 60 = 60 
у 90 су 50 
= 40 = 40 
30 30 
20 —*— isentropic efficiency = 100% _ 20 
10 i —&— isentropic efficiency = 80% 10 
0 —R(— isentropic efficiency = 6096 5 
100 300 500 700 900 1100 100 300 500 700 900 1100 
Interstage pressure (kPa) | Interstage pressure (kPa) 
110 20 
100 18 
90 16 
x 
9 5 14 
CES E 42 
po $ 10 
o 50 Ф 
© аб 5 8 
e 6 
30 x 
20 —*— isentropic efficiency = 100% й 
10 , —&— isentropic efficiency = 80% 2E 
о + —#— isentropic efficiency = 60% 0 
100 300 500 700 900 1100 100 300 900 700 900 1100 ` 
Interstage pressure (kPa) Interstage pressure (kPa) 
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PROBLEM Q. з 


KNOWN: Air is compressed at steady state in a, two-stage compressor 
with intercooling between He Stages. Operating pressures a 
temperatures are known. 

FIND: Determine a) the power and heat transfer rate for cack 
Compressor Stage and (v) the intercooler heat transfer rate. 


Compressor 


CHE * Compressor 
aa 





ASSUMPTIONS: (1) Each component is analyzed as a control volume at ste 
State. (2) C ress om processes are poly tropic wit n =n, (3) there (s 


no pressure drop through the intercooler, (Ч) Kinetic aud potential energy 
effects are negligible. (S) The aw behaves as an ideal gas. | 


ANALYSIS: @)For compressor sfagel, Т. = (Fe/p, ут, = GLSI R. From 
Table A- 226, Wy =124.27 Bh/lb owd We = 159.94 Bhs lb, 
Eguation 6.660, for a polytrepic process of au ideal gas, applies 


we: А ne CTT) = ua 145%. Bh C GSI- 520)°R 
Sie cM CA 
= (1,24 Str/llo 


Eyaluating M 
AV), Pe _ (6000 #?/ miu) СІЧ Phat у 


RT EXER | (s20) 


144 лме 


2 930.2 Ib/min 








249.41 1.6, 


The power for stage | is 
We, = (Ut bi) 124 ану = 20,606 Bh/min We 


Now, پام هېه‎ ~n و‎ aw enevgy balauce to Stage 1, the heat trausfer vate is 
б, = Wlhe-hi)- We | 
= (4307,)( (59.44 — (24,271) ~ 20,000 = -5293 Blu/min q Qc 


For stage 25 T = (e/a y^ Ta = (Soyus m (540) = 641.5 ор Бел i 
Table A-22E, Ид = 129.06 Bta/lb, hz = (lle Bh/l& . Then aS 
W. - om ]د‎ т, — J x (uu) (ALE.  (o.s - S%) ZL? ($3 Groin, 


съ. 7 
Qaz M (hy-he )- Wer = (436.2) (Holo. Qt, —12%, 06) ~2%!S3 = — Sb2| Mame 
© c 


(ь) Qoa = whe - ha) 
<a 
= Re (15944 – (24.00) = (3,274 Bia /mm Q out 


— 


1-|10 


PROBLEM 4. 64 


KNOWN: The regeneratwe cycle of Problem 97.54 is modified Lo include a. 
two- stage compressor with rater cool ina. 
EIND: Construct plots of the (a) thermal efficiency ,(b) back work 


ratio, and Cc) nef ower developed jor . the given Compressor 
stage and furbine efficiencies versus a range of Conpressor 
pressure ratios. T E 


SCHEMATIC È GIVEN DATA: eg * 
m E 

ASSUMPTIONS: Зате as in Example 

4.7, except N., = Ne” s 1000. 


ANALYSIS: Consider the same се 
calculation case as in Froblem 3.51; 


With И. = uS Ny =0:8 and Р, ір, <0. 
The following ctates ave unchanged : 


h, = 300.14 kTlka , р. 21,3860 5 
hy =1515.42 


hy = 041.4 І | 
State e: р, = (Pel Pi) Pr. With р. = [Р Pa = 282.8 kf; Р. = 2.220 
and hes = 404.32. kJ/kg. Using the Compressor stage efficiency, 
. hash tChes -h /ne, = 430.85 13/6 
tated: Ty =T, = 300k => hy = h, 2300.14 k/k , py = 1.3860 
Эде 2: Peas = (Pea) Р 28420 => ha, = 104.32 h, = 430,35 ЛЕ 
The specif tc enthalp hy is 
ES YL reg, - hz) th, = 274.19 lkT/ ks 
And , waluat ıng hy 
hy = Мч - Chx-ha) = 542.56 1/65 
(a) The thermal efficrencey is 
у= 1 Shy hs Cheba) 





no =0.4/H (41.4%) 
(61 The back worl ratio is 
bwr = 20-0). 


= 0.441 
h3- hy 
Cc) The net power developed by the cycle is found from 


VI cto. = Ww, - (We, Wea) =m [ Chan hy) 5 2(h.-h,) | 
With WM = 5.807 ka ls from Problem qst 


Мосе = 1531.3 kW 
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PROBLEM 9.69 (Cmt'd.) 


The data for the required plots are obtained using (T, as follows: 





IT Code hc = h1 + (hes - h1) / eff c 
= hd = һ Т("Аіг", Td) 
SS sd = s ТР("Аіг", Td, pd) IT Results for r, = 8, 
гр = 8 у h; = 300 kJ/kg 
" h2 = hd + (h2s - hd) / eff І 
ра = pc = = WA; J Nos = 404.2 kJ/kg 
Td = Т S3 = 5 ТР("Аіг", T3, p3) 
= T1 ш "ден h3 = 1514 kJ/kg 
3 = р2 545 = s hP('Air", h4s, p4) 
= = 1365 "m 545 = 53 h4 = 990.8 kJ/kg 
p4 = рї о пе 4303 коо 
E hx = eff. reg * (h4 - h2) + h2 — 9 
AV1 = 5 // mis - en reg" ) Nes = 404.2 kJ/kg 
А hy = h4 - (hx - h2) 
— a mdot = AV1 / v1 hy = 878.7 kJ/kg 
E | v1 =v_TP("Air", T1, p1) у= р к шашы 
_ m eta = 1 - ((hy - h1) + (hc - hd)) / (h3 - hx тм. 
h1 = h T('Air", T1) n WAL Ge CEN MM 4078 
s1 2s TP("Air", Т1, p1) bwr = ((hc - h1) + (h2 - hd)) / (h3 - h4) | 
scs = $1 
PLOTS : 
0.7 0.8 
0.6 0.7 
05 0.6 
0.4 id 
c | E 0.4 
0.3 F 
0.2 02 
0.1 0.1 
0 0 
2 4 6 8 10 12 14 16 18 20 2 4 6 8 10 12 14 16 18 20 
Гр Гр 
Рене ——~ isentropic efficiency = 100% 
2800 —*-- isentropic efficiency = 90% 
—- isentropic efficiency = 80% 
_ 2400 —#— isentropic efficiency = 70% 
z 2000 
(D 
o 1600 
©` 
Ж 1200 
800 
400 
0 


8 10 12 14 16 18 20 


Гр 


N 
A 
O) 
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PROGLEM 9. 20 
KNOWN: A two -Stage Compressor with jutercooling Operates at 
state with’ known ihlet conditions and agwen exit pressure, 


FIND: Referning Jo Example 110, derive au expression for the 
relation а аила. pressure’ ratios across the two stages for 
the case where Ta >T: . 


SCHEMATIC € GIVEN DATA; See Example 9.10. 
ASSUMPTIONS: See Example 2.10, except TYPT. 
analysis: The total compressor work input perunt mass flow ìs 
"s 2Ch,-h;)+(h a-ha) = مه‎ CT.-T,) + Cp CT, - Ta) 
= Te Т; 
Т, (те-\+ фта (1-0) 


tutroduc ng he 1$ eutropic relations — 


te. (Pi) E T (® 
Ti | > Teh \Р 


уу م‎ are 

m = ST, CE )F [ета [G ~t] 

To determine the pressure p, that minimizes the total worl , form 
{ме devivatwe А 


— e) (roy Aya" 
m ї e 23 (S) (rea raed i 
k ey елм 
7 (s (C QT T 
For the min IMUM, Dwe Mop; =O. Thus 


Р: Vez Tus 
о :($)*- @)(®)* 


4X‏ 9 ا 


and C viva MA 


Р; — 
Pi - 4| (=) 
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PROBLEM 4.71 


KNOWN: А multi-stage Compressor with intercoolsn between the 
stages has “known mlet conditions amd a 9 wen exit 
Pressure . 

EUN D: 


Show thet the minimum total work input is required whey 
the pressure. ratio is the Same across each stage, 


SCHEMATIC # el VEN DATA 


Pa specified 


» ZZ" 
52° 
n 


f; yarable 
wf 





Р; variable 


ASSUMPTIONS: See Example 2.10. 


ANALYSIS! From the result of Example 2.10; 
Р; р. 
== = 5 
Р, P; 
Similarly Р; _ Pe 
Р; Р; 
Thus Pi _ P; ^P 


Р, fi J P; 
RA Ala , Solving for P; and ?; 
3 
P: = [P> 
5 
Р; = | Р, Pi 


орі ia n. 
e 7 
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PROBLEM F. 72 


KNOWN: The regenerative cycle of Problem 9.54 is modified to include, 
0- stage Compression andex pansion, with tntercoolsing and 
reheat, respectively, betweew the stage 5. 

EIND: Construct plots of the (a) thermal efficiency , (6) back work 
ratio, and Сс) net power developed for given compressor and 
тре Stage efficiencies versus a range ‘of compressor pressure. 
ratios. 


SCuEMATIC € GIVEN) DATA: See Probems 4.6 4 and 4.68. 
aSsumerions: See above ~ yeferenced problems. 


' Consider the same Sample case as in Problems 9. 54) 4.64 a nef 
9-649 5 With Ne, = Ис = И = H2 709.8 And }ь'/р‚ = 8. the {olo 4 Stakes 
are unchanged: 


h,*36044 тид  h,- 515-42. 


he = 430.35 ha =1219.7 
ha = 300.19 h, = 115.42. 
ha = 450,25 hy 2 [244.1 


Now , the specific enthalpy hy (s 
hy = N reg ( hy-h2) + h,= 1061.8 kT/kg 
dnd, evaluating hy 
hy = hq - (hx- hz) = 588.25 k/ko 
(a) The thermal eFficreu cy is 
n= |- (hy-h)+(he-ha) 
Ch,- hx) + Chy- ha) 
Cb) The bacle worle ratio is 
ZOh--hi) 
bwr = Zh nha) = 0.440 
(с) The net power developed by the cycle is 
Werle = M [ We, а 7 We, 7 Wea | = M (2Chyrhal~2(he-bid] 
With үй 28.607 kals , 
W ода = 1422.8 LW 


The data for the requured plots ave obhuned using IT, as follows: 


= 0.442 (44.290) 








PROBLEM 9,12 (Cmt'd) 
IT Code h1 = h, T("Air", T1) 

8 s1 = $ ТР("Аі", T1, p1) 
p1 = 100 // kPa ee. АРГА fics DO) 
T1 = 300 //K E 
e hc = h1 + (hes - h1) /е c 
Р Peery hd = h_T("Air", Td) 
ee ы sd = s TP("Air", Td, pd) 

а p я 525 = s. hP("Air", h2s, p2) 
p3 m 02 525 = sd 

_ h2 = hd + (h2s - hd) / eff_c 
a = di h3 = h_T(“Air", T3) 

F А 53 = $ ТР("Аіг", T3, p3) 
e 03 / pa = pa / p4 
gE А ѕаѕ = 5 ҺР("Аіг", һаѕ, ра) 

ticis Sas = 53 
eff гед = 0.8 
PLOTS ‹ 
07 
0.6 
0.5 
0.4 
= 
0.3 
02 
0.1 
0 
2 4 6 8 10 12 14 16 18 20 
Гр 
07 
0.6 
0.5 
04 
E: 
=. d 
0.2 
0.1 
0 
2 4 8 8 10 12 14 16 18 20 


Гр 
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ha = h3 - (h3 - has) * eff t 
ТЬ = ТЗ 

hb = h_T("Air’, Tb) 

sb = 5 ТР("Аі", Tb, pa) 
545 = s ҺР("Аіг", h4s, p4) 
545 = 5р 

h4 = hb - (hb - h4s) * eff_t 
hx = eff reg * (h4 - h2) + h2 
hy = h4 - (hx - h2) 


mdot = AV1 / v1 

v1-7v TP('Air",T1,p1) 

Wdotnet = mdot * (2 * (h3 - ha) - 2 * (hc - h1)) 
eta = Wdotnet / (mdot * ((h3 - hx) + (hb - ha) 
bwr 7 (hc - h1) / (h3 - ha) 


IT Results for rp = 8, 
Not = Noo = mu = по = 80% 


h, = 300 kJ/kg 
hı = 430.3 kJ/kg 
hos = 404.2 kJ/kg 
h3 = 1514 kJ/kg 
h4 = 1219 kJ/kg 
has = 1145 kJ/kg 
ha = 1219 kJ/kg 
has = 1145 kJ/kg 
hy = 1514 kJ/kg 
h, = 430.3 kJ/kg 
Nos = 404.2 kJ/kg 
hg = 300 kJ/kg 

hx = 1061 kJ/kg 
hy = 588 kJ/kg 

п = 0.4413 

bwr = 0.4409 


W =1918 kW 
cycle 


——— jsentropic efficiency - 100% 
—*— isentropic efficiency- 90% 
—&— isentropic efficiency - 80% 
—t— isentropic efficiency- 70% 


2 4 6 8 10 12 14 16 18 20 


Гр 


PROBLEM 4 g3* 


KNOWN: Agas hwbıne has two 3 S of compression with iutercooling 
v o. two-stage turbine wc reheat. Data ave kuown at 
various locations. Turbine and compressor Stage effietencies are known. 
FIND: Determine (a) the volumetnc flous rates at | and b , C2) the, therme 
{сету , C) thea back work "abo, 


с. WEN DATA: го, Qin 





P, = R00 kla 






Ney 2h т, 64 


Compressor Compressor 


Weycle = 1800 KW 


т, 2 оок, 
Р, 2100 kPa E 


Qout 
ASSUMPTIONS: Some as m Example ii 


ANALYSIS" First, fix each of the principal 
States. (Table A-22) 


Stel T= Зоок => h, 3300.19 kTlkg , pe, = 1.5 860 


State a For isentropic COMPYESS LON , Pras = (300 Гоо) 1.38602 Ч.!5Ё. Thus 
hae Yt. Ulo k3 Дс . Using ha. Compressor e Lf Genc 
_ has-h sk 
Мат FEE чь haha (Pach) = 432.42 kTlkg 
Stateb hp = 300.19 kTlks , pj, = 1.3860 


State 2 Pras = (900/300 X 1.5860) = 9.158 D> has = Ul, te kilka 


Thus with Mez. 84, MW, shes ا3 42.42 = یت‎ 
State 3. ту=(Ч#0 Ik => h,= 079 Ыт , Рез = 5088 — 
State с For iseutropic expansion, Pres =(F./pPs)Peg = (84.00 => hes= (201,5 6 
Using Мк. {имоме Stage efficiency у 
Vitis ع‎ => he = умр (lig heg) = (215.4 kT/ ky 
atoted T4 7 UW к => haq = (53q. 40, рд = 478.0 
State 4 Prys = (100/ 300 419,0) = 159353 => hus = (45,94 krika 
Tua) hy = hq - Ne, (ha- hys) = (21017 klk 
Q| To determine Wa volumetric flow rate, fivst {ид va using 


Dg = (ashe) kac he) Cha) = Си. bb) = 204,0 КЕТЇЇ 





à me (1g00 ww) e 
C344, o єч1к9) | RW 





- а 
4.82 к 


(Av) 
Then, Gn HE) = (Se (HY SUL) <—— 
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PROBLEM 9.78(Contd-) 


and 
(v), s "ER Gus Seb (S22 y= 6s! oem 


———————— E v, 





3 о“ 


Co) The ther monk fr uence] < оюл леі as follows 


The total heat added is 
Ain =(h,- ha) РТ Е = (4434 SS 


is Ie, S 02134 es) 


(су The back work ratio is 


bur = elm. бым) + Cha-he) 


Wi/m Ch,-he) t (ha - hy) 


264.4 
eG 00 bwr 
E56 0б ОЧОК di ——À ШЕ 


PROBLEM agy® 


KNOWN: The qas turbine of Problem 175 is modified to clade a 
reqenevator with efectweness 1S To. 


FIND! Answer the same questions for tha modified gus turbine as 
in Problem 4.73. _ 


SCHEMATIC VEA) DATA: 


qe “hh t4 a EP aami 


| egenerator Mren =, 1 S 


pony, 











отреза Compressor 
2 


ASSUMPTIONS* Same as 


iw Problem 4-75. Also, 
Rare is wo pressure drop 
00055 ta. VAM ev ator. 


ANMYSIS: From the solution to Problem 4. 73. 
hk zk = 500.09 kS (keg Мс 12715. 7/69 
ha = 432.47 КУГЕ Wd z1$ 38,44 kT (leg 
We USAME (kg hy = Iau. ҮГ 
ha (оц .79 КУ (Еа 
State x Using Ња vegeweratec etfechveness 


_ М-М 
^ reo = pen d => h, = Weg (hy -he) the = 1020,08 ы 
(а) The wet work ef Ya Gos twin e ic uudchauged. thi 


Since the states at | and b Ле v^ tha Sam, tt. volumet (Av) 


flow ‚Хы also Тедди unchanged : (Ач) = 343 mils, (AV, = (34 els. س‎ 
(5) However, the heat additum becomes 
in (ha-hx) +(ha- ke) = @55.45 kT/ka 
Thane ZAY. lo : 
Q Wt Gees 04 (ЧЫ) ам 
(c) Tha back work vation also ‘s uachan ged, 
bwr = oui bwy 





l. As a result of 4ha introdect' on To regenera tur jy there гу e 
S: va (^ cant increase u. +thermart e ftw? | 


4-114 


PROBLEM 4.75 
KNOWN : Steady-state operat ng data are Provided us Pre blem 9. 59 (c) 
for a regenerahve gas turbine cycle. 


FIND: For each three med fications of th cy cle, cetera ne the 
{herwek cH uer cd andi net Power developed. 


Ca) SeueMA mc. È GIVEN DATA: 






r Weycte 
vn = Ny 2 
Сотргеѕѕог ^ z 88 


ASSUMPTIONS: Same as Exauple 4.7 except My, > Wt, 7. Е aud n, =. Ч. 
Also, reheat occurs wit no pressuve drop. 


ANALYSIS. From the solution of Problem 4.58, №, = 126,66 Stu/lb, 
ha = 2607.10 Вим, №, = 560.59 6/0, Pra 725660. for turbine stage |, 


Prag = (Pu /P3) Pr, (50/097 )(ase.e) = 87.114 = has = 917.68 бог 


Thus Yu = harte => ha = ha- Wc (hs -Was) 2434.83 Qhulb 
me 


Similarly, for turbine stoke 25 pe, = 1740 and рец; 75L15e > hqg= 300.14 Be 





Vo 
Wil. hy = 50411 B, hq he- ме СМ - hes) = 511.44 Bulb 
The specific entholpy hy is calculated from 
2 h -h2 = -ha = / 
V veo — => hy Y. veg Ch ) tha = 355.42 Bull 
The thermal eC c (ємо is Cound Wom 
diu = (а-у +Chy—-ha) = 215.05 Вн 
and \: 
SES = (hha) + (hu kuy) = Chak) = 12.48 i 
Th TS 
— Үү = — = 0. 409 (40.9 lo) ia 
Ом [мА 


From Prooblew 4.58 ? Ya = 90 ooo \b/h. Thus, He net cows 
developed is 


Weyer = (40,000 E Yez aa Ge Ree | | 


= 3418 he Weycle 
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PROBLEM 9.75 ( Contd ) 


(о) TcMeMATIC $ GIVEN DATA: 
T 










Р2 (Р, 110 
We? Wer =. 84 


Compressor Compressor 
1 2 





5 
ASSUMPTIONS: Same as im Examples 1.253 
41 oud 44 except for the _ 

turbine aud Compressor efficiencies, т,=\чл иа 


© 


1b 
۴ 
ALYSIS: States \, 3, aud 4 ove ta same as iu Proviem 4:56. thus 


hs hus 120.66, № = 500.54 aud hy= 326.4 Bb. 
For Ho hrs compressor Ф » Wes? Pale.) Pe = (9 4.4 y. 2441) = 4,4207 
aud has = 114 До giurlb, Thus, with We Compressor stage ec ene 
Ус, 2 has - Wy وه‎ 


еа => ha = hit (fag) = 190.04 8iw/lb 
а ^ \ 


Siinilarly у for stoga 2 у Pras =(Р»/Рь)Ргь = 3.0211 D> has = 112.59 Өн - 
wd hat hye (nash | = 181.33 hull 


For statex use the regenerator eftectweness 
~ Мх из. К 
Wea = PETE D ly = кедин) thy = 298.99 В/О 
To fwad Wa Moral e CCo ewe 


Wes = (W,-M«) (М-М) = (kak) = [14.14 ВАЛ 


. ac eo 
or M 90,0 


Qin =. M. - Mx = Zol. Byu/ Ub 
wm Ф 





+ Wagers (WA =. AR DL, = o М, 
Ths, N E "Tw 0.436 (93.69) 


A‏ چ 


(p) the pet power developed 1 


Wegele = W Е =( 40,000 (иччу 


= 4030 he | 





{М 


ә cle. 
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PROBLEM 9.75 (Cowld- pays S 





(C) C € OLIVEN DATA: ү 





Compressor Compressor 
м 2 


cms Te 
| ER ! Ex 
| L | 
— F 
$ == 
* А 


TIL 
Ма New? .6Ҷ 


ЗЕТ 

2595509 x 

"s т Ту=5з50°6 
GUT ie E үй = 40,000 № 

дол 

SSUMPTLONS: See Example а. Ц 

ANALYSIS: Fix cack of He principal states. 

Dake | 12 530° > h,= 126.66 @ч/Ь р. = 1.2947 


State 2. For iseut ropu Compression ) Peat 4.4207 


aud hes = 114.40 6fu/Vo.. With We compressor 
eF ficiency 


м, = Sacs +< WW (ба zhi) = 140,04 Blast 
Stake à. T3=T, Ф h,= (26.66 вњ , Pra = 2997 
State t Peys = (Ф/ Рз) Prs = 3.9201 => hys = 112.58 Bulle . With Heo 
Compressor € Cota ر‎ hye + (и iii) = 181.33 Blu/lb 


State b T, = 22009R = hy = 560.54 Ghar , Peo = 256.6. For hurbine Shoa | 


Prag =(Prl Py) Р, = 91.214 = has = 417.68 Ghul lo . With the turbine 
e Ca ev W ~ha 
Ab пч 


Stoke 1 Мы Ty => bao һе- Mt, Cu ulus) = 434,83 Өг 
State 8 Te 7700092 => hg = 509.11 &Iwullb , Prag = 0194.0 
Stake 4 Prag = 51.1560 => hqs = 3 00,14. S/o 
hq = hg- Мұ. (и е-маь) = 377.44 Bhs lb 
State S For We ا‎ 
= S" ЕА 
Wreq = E => hs = МС hahu) thy = 338.26 88/1 





@) The net work per we mass of air ousting is 
eger = (Wb) + Chg-ha) = (ha-ir) - (hy-hs) = 13493 8M Ib 
net Qin = (he-hs) + (hg - 7 ) = 292.217 Bt Ib 
v^ 


E = 4.43 _ | 46.2% e 
> n= Be = owe ( v) " 


(Ы The wt power developed (S 


Wb Bru | hp 
Мар = (90,000) (134.43 % 3 pr Bull 


Wesc 
= dL a e 
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PROBLEM 4.76 


KNOWN! А turbojet € we is analyzed on au aw-sjaudavd basis. Data 
are known at various locatens. 


FIND: Determine (a) the pressures amd Jewperotwyes at eoch grincpal 
state and (b) tha velocity at the nozzle exit. 


SCHEMATIC í AVEN DATA: 





i800 к Mez. 


Va? 250 mis 
Taz 22.0 К. 


— 
— 


gi Diffuser 


O 
a 


5 1 





Pa = 22 kla 
обе. 


ASSUMPTIONS. Зате as in Example 4.12 , except и. = 5°. ond Ny = 

ANALYSIS. (&) First, fix each of Hae principal states C Table A- 22). 
State o. Taz 220K, р> 22 К. => ha = 214.97 kT (ka » Pra = О.Ч=%О 
Зоде i Anenergy balance for the diffuser gives; о = hat v - hh, . thus 


a 
hia har Ча = лаят ET p 250° муза) IN T 
t9 2 Ta m[s*| TI 





2251.22 ETlkg 
Sice the process is isentropic , P, =(Pri/p ra) В. = 34.47 В. 
State 2. For isentropic compression , Prod Ре. (Р/р) = 84453 


Aud hag = 51,4 kXlka . With the compressor efficiency 
haa №, e (hag 557.9 LTIkg , v, = 12-Р, = 414.64 kPa 
State 3 Tg= 1Ч00 Pg =P, => М = 1515,42. ЕІ, , p, = 450.5 
State 4 For a turbojet | We/y, = Wb( Mo 
(Мм-м) = МСИ hus) $ hys = 1106.12 уа 
Thu, Prag = 170.28 and Py = Ps (Prus/ рез) = 15862 kPa 
ovd. hy = hs- Y (№. - А4 с) = 120674 kT kq => Pry, = (43.81 
Ste 5. Pes = Pry (Ps(py) = 20.081 j hg = 644.48 с! 


(o) Ам energy balance en Hie nozzle gives 


J 2\hy-hs) 
3 A 

_ kT Ito N-MÍllka-wis* 

[2 (12084 eaa agy KT рони гаму. 


1009 м [5 Vs 


ov Vs 





n 
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PROBLEM 3.31 


See Problem 4:46 for sample calculations. The dada for Но required plots ave 
obtained USIN LT, as Follows : 





IT code 525 = s ҺР("Аіг", h2s, p2) 
Е 525 = 51 IT Results for rp = 12, Тз = 1400 К 

Та = 220 E h2 = h1 + (h2s - h1) / eta c Т; = 251.1 К 

Va=250 //m/s h2 = h_T("Air", T2) һ = 251 kJ/kg 

rp = 12 p3-p2 — ha, = 511.6 kJ/kg 

T3 = 1400 //K h3 = h_T("Air", T3) Т, = 552.8 К 

р5 = 22 //kPa 53 = s hP("Air",h3,p3) p> = 419.4 kPa 

eta_t = 0.88 545 = 53 һ = 557.5 kJ/kg 

eta_c = 0.85 h2 - h1 = eta_t* (h3 - h4s) ha = 1514 kJ/kg 
otz1 545 = 5 ПР("Аіг", h4s, p4) Т; = 1140 К 


mdot = 1 // assume a mass 
[/ flow rate of 1 kg/s 


h4 = h3 - (h3 - h4s) * eta t 
há-h T('Air", T4) 


ha, = 1166 kJ/kg 
hy = 1208 kJ/kg 


ha = h. T("Air", Ta) 54 a s hP('"Air", h4, p4): ج‎ 687 K 

sa = s ТР("Аїг", Ta, pa) ue hs = 699.1 kJ/kg 
as лә гоу ж 55 = s ҺР("Аіг", h5, p5) p, = 158.5 kPa 

h1 = ha + (Va^2 / 2) * (1 / 1000) h5 = h T("Air", T5) = 1008 iS 


s1 = s ҺР("Аіг", h1, p1) 
51 = sa 

h1 = h_T("Air", T1) 

p2 = p1 *гр 


PLOTS: 
1100 
1000 
900 
800 
700 
600 
500 
400 
300 
200 
100 


Vs (m/s) 


Oo 
N 
со 
‹© 
=> 
© 


1200 


1000 


800 


600 


/m (kJ/kg) 


In 


Q. 


400 


200 


Ф 
N 
со 
© 
e" 
© 


h4 = h5 + (У5^2 / 2) * (1/1000) 
Qdotin / mdot = (h3 - h2) 





T3 = 1400 K 


Тз = 1000 К 





ра (kPa) 





а /m = 956.6 kJ/kg 


Тз = 1400 K 


T3 = 1200 K 


Тз = 1000 К 


Disuasstm. 
° Geneva 


p зох luge утес 


OS T, is ucvecxed Heu is 
uA. Increased 


› 


с дл py. 


"As comm 
ot Lived Tz , less heuk viu ic 


but Vs Cromer very Ге. 


ressor 


ere e$uve radia | € increased 
reauured 


PROBLEM 2.38% 


KNOWN: А turbojet engine ic analyzed on an air-standard basis. Dol 
ave kuow at various locations. 
Find: Determine (a) the vate of heat addition Qo) the pressure at 
the turine exit ‚(су the compressor power input, Cl) the 
eric at the nozzle exit. 


Vaz 750 tds 





— Bes Diffuser 


! 
= س — 


г а 25 wis i v >۹ —R 
ASSUMPTIONS: Зоте as in Example 4,12. , except n, ,98 art ny = a 
ANALYSIS: First, fix each of the princi states (Table A- 22€), 
Stoke & Тыт 420°R > |р = 100.32 Bw/lo , р, = 0.5780 
Stoke 1 For the diffuser , о = (har а) h, . тм 
reca: A + E с] US a 


"ejes = (SEE) a = nos we: 


State. 2 For isewtropic compression , Prag= Pr, (PSP) = (0.019 
and Was = 2271.19 Giu/lo, witu Ma compressor efficiency 


м. = №, (М) = 293.07 Bulb , ре. р = ISG.G Ш 
Sta 2, Т. = 2900 °R => h,= (07.22. Brust , Pe, = 361.6 


State 4 Fora twhojet , "sl = Wily. Thus hah SES hug. 
Was = ha -(ha-bi)/ne = 41,04 Bulb. Prys = (35,24 


Thus, Pq = (Реч [ез y vo = 57,01 1м? e) 
Using the Hone CFE reney , hy= у-и hys) = 485,70 Выль 


State 55 Pes = Pry CPs[ P4) = USLA) (3/9100)-23.021 => he = 294,3 Bly 


(a) The rake ef heat addition is | ә 
Qc, = w (Wa —he) = (у окт. 22-24307) Brym | 2002] = LUS Ko Bs 4— ca) 


, 7 
CY The Compossor power is Wez m(ha-h,) = 85 (24307 111.55) |3600| = 4.025 X10 Bh 
— 


5 











Cc) 
(d) An ener y rate balante for an Sen opt с ож Ande NA гү ге} " 
319616 || 32.2 Ib- ftls? А 
(ver), = 2Cha- hss) = 2.048510 = ا‎ | 4,8040 Ê 
“Then, with tha no 33l e "n — 
Ve. CVs) [Ww = 3004.0 (tA 04) 
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PROBLEM 9.79 


кмоюу: An afterburner is added to the turbojet in Problem 4.76 
EIND: Determine the velocity at Ha nozzle exit. 


SCHEMATIC 4 GIVEN DATA: 





ASSUMPTIONS: Expansion ا‎ the nozzle is isentropic . 
ANMYSIS: For te isentropic process | 
"rs! =(®5/тч) Ры = 25e vi 30-3) q 5.9045 
hz 912.11 kT (ka | 
Thus, the norrle exit veloc is 


Vs [2 Ch, = hs) 


2. ( 1495.97- $12.11 ) 





= (0g0"/, — 2a ——— 





Ф à Е mU RM 


l. Compar: quw fesult orth that Pav blew T.76 ر‎ we see het thr ure of Gar 
ahierhurner increases fre Wit veloce ty, and thus the engine thrust. 





PROBLEM 4. 40% 


known: Anafterburner is added to the turbojet ih Problem 9. 7$ 


| | ees 
FIND: Determine the velocity at the nozzle exit. oy 
— 
SCHEMATIC Ê GIVEN DATA: / 
SS 22| 
| — کے‎ i 
E 
{ш 0:92 | 
3 — 05. 
e 427 Mc 
Qin Tyr = 2200 R 





ASSUMPTION: Nozzle operation is cdiabatic with Hy =0.92. 
ANALYSIS: For ideal expansion through the nozzle 


less’ 7 (F/py ) Preys 
From Table A-22E. s Ryt = 2960, Thus 

Rosi = 40.087 = hess = 336.34 Bb 
In the ideal Сале. 


2. 
Q = hy — (hog: TER 


(Vs) = hq! 7 hss: 


Or (V3 ) = |2 (hy - hs) 









= A ( 50.5% — 330,3 ) Bee пен || Зы es 
= 33S2 Hs 
Using the — к 
"s = NE, 
Vs = (Vs) = 3215 fHs " 
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PROBLEM 4-81 


KNOWN: Air enters the diffuser of a ramjet With known conditions . 
The tew perature. after Combustion is specified. 

FIND : Using an air- standard analysis , determine со) Ha 
pressure at the diffuser exit aud (b) the velocity at the 
nozzle exit. 


ScuEMATIC 4 GUVEN DATA 


200026. 
3 П 





т | 2 Ф, 3 ا‎ 
— i i | 
— —T* 
n: — 0M 
Aso Hue O те лоо Pie bfl 
V= 1600 frs 


3 


ASSUMPTIONS: U) Each component is analy ced as a control volume at 
steady state .(2) The combustion process 18 modeled as e. constant 
pressure heat addition . (3) the diffuser aud nozzle operose. іѕелігорї cally 
(4j Neglect kimehcenergy at locations 2 ond 3.05) The working fuie is 
aw Modeled as an ideal qos. 


ANALYSIS“ Сау For the Affuser; Os (ne Ni") ~ha. Ало, 


= 2 
Was hr = шоо «sm — tW 
2. \ = 160.32. + 7 2.2 ib- fils? 





1 Biu 
78 tt. 7 
= {51,4 Bhu/ lb 


Thus, Pra = 2.4214 ond Р, = р) Р = 25,22 \Ь иа р 


Ch) At T= 2000°R | Table A-22E sives h3z 5041 Bhy//6 , Org = 17+. For ani sen тергс 
expansion through the vote. 


Pry > Pra (Pe (Ps) = (74) (¢/25,22) = 41.4 
hy 7333.45 Bw 
The velocity is found from 
O= ha - (hyt Va") 


ov V. = ‚ / 2.Ch3-hy) 


F 50431— 3344 € \ Stu 32.2 o-Ps 11978 Hibe 
2 ) че | 00 | \ Biu 


= 2078 #5 VQ 








PROBLEM 9. Ta 


KNOWN: Air enters the diffuser of a ramjet with known conditions . The 
heat addition per unit mass of air flowing is specif ed. 


FIND: Using air- standard analysis , determine (a) the pressure at 
the diffuser exit and Cb) the velocity at the nozzle exit. 


SCHEMATIC Ê GIVEN DATA: 
2 
o کا‎ 
л E 
: — E 
„Aittuser | | nozzle | 
BU UU STR 


f t | | 
p = ЧОР, n" | 
ш уло Р, = ЧО kPa 





T, = 240 K ORN Р S 4 
V +2500 km/h a^ = [OKO KS | ka 
= 644.4 mIs ; 


ASSUMPTIONS: Q) Each component is analy т.е as a control volume ct steady 
state (2) The combustion process LS modeled as a constant pressure heat 
additron.(3) The diffuser and nozze operate wentropical ly QD Neglect 
kinetic energy at locations 2. Ф 5 and neglect potential energy throughout. 
(5) Тие working fluid is air modeled as an ideal gas. 


AKNAU SIS: @) For the diffuser: б = (+ E )-hg 


2. 5 | 
Thus h,= heu = 240.02, , (6204 me) AN _ u 
leg 2. 52| 1 ka m /s* 10? Ne-m 














= 8.1 К/К 
Tnterpelating in Table А-21, 12,2410 К and р = 1.147 


Therefore Р, 1.187 
= d = | = <Ё 2. 
р. = Gee Sass co kPa) = 4S3.0 kag h. 
(b) State. 3 is Hxed by considering the heat addition process 
O= Qin +m (h,-h;) 


ov h, = — + hy = (0804481, | m ISGU[ kok 


Again ,trom Table A-225 1; + 1438 К, Prg= 504.0 

For (seutropic expansion trough the nozzle — 
Pry = (Py (ғу) Prs = (Ч0/453.0)(50ч.0) zuq.so => = 80516 Б 

The velocity is ob}ained from, O = №, - (hy Va) 

Oc Vy pe 2. Chah) 








ıo? N - m | | leg-mi|s* 
کے ا‎ | М 


Е фус зю le 
= /2, (1501.1 805.0) Т 





= (229 m[s., 
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PROBLEM 4.83 


OWN: А tuwboprep engine is analyzed on au aw-Staudard basis. 
Data ave known ot various locations. 


FIND: Determine (a) the power delivered to the propeller, and(b) 
velocity جه‎ ud nozzle exit. (rope 
VER) 


SCHEMATIC 1 A DATA · 










ЧО K 






Г l 
Va = і gon Compressor —— H Turbine 
Foz 40 kPa 4 2) M 
Ta -2u0k — — — | 
—Pe Diffuser Noezle an 
ES | Py = 50 kPa |... | 
a i: т 
5 Vi | 0 4 \ 


ASSUMPTIONS: Same as in Example 12, except He s Ир = 0.85. 
ANALYSIS: First, fix each of the principal states CTable A- 22). 


Ste о. Та = 240K => Ид = 240.02 т/д у fre = 6.6355 
r^ 


State | An eray — for the dif fuser gives; О "(h.e Và y-h, . thus 
h = + Nah = 1807 wels*] iN * m 


-256.22 V3lla > р. = 0.14401. 
= Cei Pea) P, = 50.24 kpa 

Stale 2 For an iseutropic compression, Rag = (P/Q) Ra = 14402 "blu, 565 E 

Using the Compressor efficiency ; 45h, + (as }= 5314 kT lk, 
State 2 Tz Ilo => h3=1201.51 kT/eg , Pez = 193.1 

For isentropic € = ={50 = 
шшш dus, hee Tre пу (ать > «мым, 

hy = ha- nel hg- hys) = 72004 т, Pry =24.®о 
State 5 fes =(Ps/Py ) Pry = 23.84 => hs = 616.1 (14 
(A) The (oer delivered tothe Propeller T 

Wp 2 Wg - We = rn [О-у - Chah] 





u Mere. 


w= (АЧ), „ (832/14 кю! N/m?) - 48.5 69 
Rtn ИЧ NM Vio чок < 
(жат epe) (o к) 





ы. мм |. W 
> Wp = (486 ЕЗ (1203.53 — 92.01) - ( 537-4- 23:5] | 3j. | loMW a Np 


(b) Ам energy balauce for Не nozzle gives 
Ve a, 2(*h4-hs) 


| { ka- mig? (0? N- mi 
= / 2 (120.04 - 61.11) E шеш ш 


= 246.4 mis <<, 
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PROALEM 4.84* 


KNOWN: A turboprop engine is analyzed on an air standard basis. 
Data are known of various locations. 


FIND: Determine (о) the power delivered to the propeller, and (lo) 
the velocity at the nozzle exit. 


А L 











2100°R Mer Wy 2.81 
| gi Combustor l 3= 2100 eR 
"کہ‎ P, = lbefin® | 
| Ta = N60 ^q 
5 (нг) ,= 30,000 Б y Ny 7.1 » 
Vaz 5200/5 22 — 
-— Diffuser | Nozzle "und 
dub o s Py US belie 4 d 
1 Ps = (2 ib мл» 
ASSUMPTIONS: (1) Each component is analyzed as a control volume at ste 


state .(2) The diffuser process is isentropic ond the turbine, Compressor, 
aud Nozzle operate adiabatically. (3) Except at the inlet and exit of the 
engine , kinetic energy effects Can be neglected . Potential energy effects 
are nea lig ible throughout. H) The wo rleing fluid is alr modeled as an 


ideal Qas. 

ANALYSIS: First, fix each of the princi pal states (Table A-226), 
State a: Ta= UGOR => h, = 109,40 Bhu/lb, B= 0,719 13 
State |: An energy balance fer the oli Huser 9 wes 


Ке oe Дш Blu БО?” {52 | _ tbe | 

= Mat A = 104.9040 +l Heros 
= 115,30 Bulb => р. = 0, 3604 

Р, = (Ре, /Pra) Ра = 19.195 Ши 


State 2.: For ideal compression; р... = (Р, (Pi) Pr, = 8424306 => h, = 116.307 
Using the compressor efficien 


ha = ht Ous-h n. = 23.46 ВКЛ 
State 3: т = 2100 * zb h,= SDSS Sw/lb , p, 2212.1 


State 4. For ideal expansion; Peys” (Py/ps) Рез = 41,505 Р has = 3354, | Bulle 
Using the turbine efficiency _ 
hy = h,- ntCha-hys) = S64. 17 рім lb => Prey = S3.S 15 
State Ss: Pos s = СР [рч ) Pry = 25.087 + hs, = 246.11 &lu/le 
(a) The power delivered +o 4he. propeller is 


Wo = We-We = ий [h-hu ) = (heh) ] 
Evaluating the macs flow rade. 


| Bhe 
779 £+ طا‎ 











4 v]. Fo. (30 000 fm iA \ (216/12) TT w^ | 
ҮМ -L————z / i Е 
RTa (1545 FEREC Чч у) — -pe | = 2018,1 lblmin 
28.41 Ib.?€ | 
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PROBLEM 2.84 (cont'd) 
Thus, the power is 


i (азы Jp [esa ss snm read ые 


= 2S1. bhp — — — We 
(ру for an ideal expansion through the nozzle 


д = hy ~ (hss + Мез) 


A Ё (А - hss) 


JZ ( 364,11— 286,13) 182.2 | [778 | = 1895,5 #15 
From the definition ef nozzle efficiency 


Vz = yn, Va. = Veoas) (1445,5) 


= 1799,¢ #5 


| Vc 


3 
|} 
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PROBLEM 9?-&S 


KNOWN. Steady-state operating data are pre vided for a- com bined cycle Power 
plant аг helium and wager oo the worksng Fluids. 

Find: Determine la) pha wass flow fates of fie Steam. and ewoling w ater, 
(ЬУ thes net power de veto ped by tha gas furbine and Vapor cycles, 


(€) the thermo 2€ (* ciency of the Cowl ined cycle, 
SCHEMATIC & GIVEN DATA: 





ASSUMP Т о NÌ.: 


i. Con tre | Volumes eucw sinag tha 
princwpal components ave at 
_ Steady Staje. 
рз = рә 


p eI 2. There are vo stray heat transfers, 
and Јелие Кс aud poteak ot- 
energy effects an beignered. 

3. Моил vs modeled ао an (das 
gas wit Consta nt ср = (оК, 
к= 1:67 (Table A-2E Е) 












рэ = 800 Ibf/in. 
2 






Compressor 
п. = 80% п. = 80% 


Helium 























Pa=Pi ANALYSIS: Begin V4 evaluating 
ру = 200 Ibf/in. 5 ; | 
T, = 180°F docte. at рл ех por states. 
тү = 8x10? Ib/h Saturated vapor | d 
Нар ps = 1200 Ibf/in.? Helium: Using Cq.6.€S^ 
| g-i 67-1 
б \ к Te? 
Tas2 T (+) » goo \ LOF 
9 \ = — 
Superheater fi G4ok 200 
= 1116.16°R 
өзүк — 
| Pum = Е x. 200 LG 
By Np "100% T4s = 5| Ћ = (860 300 7 
Steam cycle = 1066.51°(. 
Turbine "i = hy -hy 2 e C - TV) 
Condenser 
! 7 D тёз B-T - Tes) 
8 
Saturated liquid рт = 1 Ibf/in.? =; 1860 .0ص‎ & (1860 = (066.51) 
рв=р1 а = ILLS R 
А | | Nez и-и, . spltrs—Ti) 
Cooling water 10 H | h A {(Тъ-Т 
То = 60°F Ту, = 90°F wh — ф({тїъ-1;) 
- тъ = T+ (75-7) 
Ne 
~ Gyo- (16106 — (чо) 
Steam: Table A- ЗЕ, hs = (193.9 Chy (b. Table А-ЧЄ, Е ( — 


hg» 1326.4 Gt//o. Teble A-36,hg= 64-74 6 hlo 


h7 = peg fq = 6008 + 0.4 ( loz) = (оог./У Bul ld. 
Also 


ha 4 hg + gop = ete RS 4 богы fF (патч ње) — | 275.32 ву 
Ш р 


> 1235.2 9° 


7764! bf 
Cooling Water: Wo ~ he (То = 28.08 80/0) йи & Сти) = $8.07 G^-//6 


(4) Evaluate Аме watt Cou fore A t S teana hy Study "" a. — volun. 
Lua kosing Mea nowt ax changer , Mass and ENE SY P UU» u^ low ہاه‎ Chg 


(e doce do ave tage "(3 mg Cp (74-T ) 


(ns-nq] — Chs-ha] 
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PROBLEM 4.85 CContd-) 





~ © (1.9486 BR 
Tuserting values , cp 5/2 К = $ (' ord =! ^1 Bhlo ore 


vas (ў ко (6/4 )C 1-24 B^ од у( 12252 — C40] = 5.23 хло Le & 
Û U83.4— 73.32) ke 


Foy a Control volume Cuello si 


he condenser, mass and e 1037 rate 
balanus (edece +v 4've. 
а 7- Ca) 
ww: mslh- ha) 25.23 vo? ) Lio 2t- 613]. |. 63 X (o 12 — 
hu = hio (58.03 - 28.08 ) 


(5) Tha net power developed hu the 9^5 furboine to 


Wg = Wy -We = mg |, - ha) - (^z- ^, J = mg Sp \@з-т)-(т,-т;)] 


7 ce) 
= (g x105 b/h)( osx Ria) ise o — 1225.2) - ( 123S.2 - 640)] = 3.93 X (o 5% &— 


“The nat power de veloped by -the vopor cycle to 


We * Wg- Wp = Wg (C- и \ - (0 - he) / = (5.23 xos 378-4 = (002.1)- (73 32- 67-74) ] 
= 13.44 хо! Bray 





— (5) 
(Су The dare D ee сч fer to combined Cycle vo 
O = — = Мааз 
Qin Qing t Qin,r 
Со haan 
Qin, = mah) = ма Cp (T-Te) = (g xoe (1.2% BAS, )( 1860 * 1235.2)'K 
= QL48 Xio? Bh/A 
| 7 
Qs x = ms Che-he ) = (3.23 40% Y( (378-4 -u£3.4) = (047 Xo ВЬ [А 
Thuo 
n- (3.45 + ata) x00" _ 0.32% (32. к, ) 4ھ‎ Сс) 
iag (01+) Ko? | 





і. 


An energy, balauce B 


wa + Wes Qin- wew L hu - hio] 
Tuas: 


= ms (^4-h9) 
T 
H г = hew ти - hio ] = ш _(Слз-]6хо? ) = 0-324 
d ud Gin ~ CF2 aS 
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PROBLEM 9.86 


KAsowWN : Opecating doce. are provided for Oo Combined gas turbine — vapor 
power plant . 

FIND: Deternune Ca) the warts flow rates of the air, Steam, and со ling 
water, (to) the "at power de we lo ped by + Sas turbine, and the Voor 
cycle; fespech veu ر‎ Ce) the co anuo MH oe nu e] the comloined cy cle, 
(d) the. wat A. exe u cared ou with TO A. hanus t arr) о 


(e) tho wet Rox — u Carried out wi tl tae Ceo (cns, mater, 
© сөс & Given Date: 
See Are 4.23 





— Vapor cye ke — 
State Tec) plber) Ste: TL°e Cb 
i 25 / ш ME шыг. Tn @ state l0 , Тос 20°C 
2 = 14 12.6 Cut © steel, T= TSC 
7 Soo 2. 57 
3 о 14 5 ASSUMPTIONS. 
` Д | q Sot. o of Exa myl 
5 200 i X UM d "peau 
Ne= SS% уус 87% Naz 40% nec во | "Te? °C Р bar 
Rint S otAW 





AM ACT SIS: Begin by evalvah ng essenhet properly dale. 
Gas Tur brins: At 298K , Table A- CL aves h,= 298.2 Ic 2/1e5 — 
Pras = Pa( &) = SS43 (1¥) 2418.46 => hes = 632.4 кы. sz 6983 £3. 
Using ths {зеи орге Compressor efficit, 


hus hit Chas-h.) „ 248.24 (032€ = 2472) _ 9410€ KI 
ne Ay 2 


А+ 132 1523Е, из 1603.4 63 з= C414. 
Pees = (в) „снаг( 1) = 45-85 D hes- 45 LIJES 
Usong the seu hore fev bme pci ney ) 

hy = hy ML (hz-hes)= 0663.1 - о.#+(:662- 
At Tyr: ЧТЗЕ, hes 4S. Зк0169 , з= 2.002 v ears. К. 
data: 


1-&2.ч{)т 423.2 Ед[є2 


à Моро" Cycle: Steam Tables give th» following 
P3 = 12S bar, T = $00°C `} hy= 33¥/.$ kT | eg А 57 = 6.461 nd /ez-IS 
595-5: 9 хат ЧЫ OCHS Lo gua 
7.5004 
hes: Nga хв: Chea) = 191.83 +(0.7741)(2392.8)= 2046.01 EJES 


Kg = hy -nE Choa-hgs \= 33.8 = 0.49 (3341.8 - 20 ¥61 ) 22.17.06 62]; 
hq = 141.93 elles — 

e? = 191. k3 і. 3 | FN кў = 
Mee heec aps H3 Fe, + (сщш fiw) [= tote 


тос) = (Yb 4 t e2[ 65 


Cooling water: WX (10% \= $%.46 EIS Wu BAEC 
° of : f «у= о. ъс ET / кӯ 


Stow $4 (10°С | = 0.2966 eI b+ к, Зн X Se (її 
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PROBLEM 93-86 C Contd.) 


(4) For a Centro! volume enctesing T Combustor; mass and 9^ev33 
Гоҳе. bilenen ласа to fr 


Qin = tag (hy-hu] => Wig = Rin _ SOY iF Ts 
(03-52) (163.9 - C41. 4) Fl es 
mr a сокто і volume enclosing the heed tec hanger) we gut 


v 51.41 £2 
S 


ms sq (uycis) < (бтн esl (923.3 5793) 5 хач кэ 
W- he (239.8— zots) К 


Fe a Cewte€ Volume enctorine the сох Чамоа, 


mew > Ms Chg-ha) _ жзч( зу. – 191-03) _ 232.14 9/7 
hu — hio CING-6% = 3-4C) 


(b) The nat pwwar da oa teta d 24 He gas turbine w 
Wa = Wt-Wer “д [ Саз) - (А-и, Y) = (ха A 423.2) ~ (69/4 - 248.1) = 


: J | Mw |. 
= 17,865 ЕЗ | S] - 17.865MW 
For Wu Мерле среда у Tia net pr dead o 


Wee We мре ms h7 - ^e) 7 (Wc - 4) 
А Ll. 
> Gv) [634-8 -2205$4)- ( 2095-1149] "T = $. 4¥6RMW 


(сү The им аре * 


үү = Wa 4Ws _ 1786S +8.47 = 0.527 (52.7%) 
Qin 50 


(d) Ths nat A ем этү es Carried оо 64 tus exhaust arr ما‎ 
© 
Epy- Eg,» Mq(egs-Ce1) = 4 [ Chs-h1) -ToCsg- sf - € PEOR 


۴ К * KJ I MW | =2.о W 
= (o ks )\ 478.3. — 248.2- 243 (2. te 25 — 16953) } = |р: FM 


(е \ The net Aate exergy e corri ea out “qi eooling Water io 


(2) Epu - Еро = mew ( €¢ 1 = €£1e) = w ewl. hu —hiwo — To (Su ~ Sio )j 
= (232.16) [ Gve.cs = $3.46) — 243 (6.03 – 6.2966) | | tes] = 0.36MW 


l. Since State 7 Anquires a беле rAderpolati ov, e Table A-Y, Steam treble 
data are olotnrned from the Source Listed on р. SoS. Alternatively, 
TX can be wvoked to Ag brieve matelas data, 

2. Considerable energy is carried out with the cooling water: Meu, l hi-ho) = ¥SCMW, 
But Since the wolis Water is ata Aati veig Lour temperature Ч 
uh WI jas gauged hy exergy, ta Low. Also, rote that considevabic ex ergy 
is carried out at 5. Ts mag ht be €x olor fed by the regeuerahve AP Poach 
discussed u S$ae.9-F or ш; other Means. 
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FROBLEM 49.87 


KN OWA: Operating data. are provided fr a combined јас turbine - vea 
power plant in „АСА aw and water Ver ate the working fluyds. 
Find: Defrrwne (a) {ha mass Flour rates of ar and Steam у Co) the 
thermal effhiuency SI ta combined cycle, and &) a full Crery 
accountng of the nét exer increase of the arr passing through 
the Combvustoy Ha ga; Fur Die. 

Scei$MA&Tic Q GVE N DATA: 


See Кге 3.23 . Weyele = (OOMW 
Gas Cycle Ntt% Ng = 24% Vapor Cycle “t= 40%, пр = 90%) 
State hisle) S"CEZ]E-K] Site k s` 
ö— — ر اا‎ 
| 300.14 |. F0203 6 183.46 о.5975- 


2 669.78 25088 + 3138.3 6.3634 
3 [5'S.€Z2 3.3620 210474 — 672 
.7 T2394 
4 %5® 2.675. 
5 4.92.44 2.12760 7 1433.88 95126 
—————— — Á— 
See Example 4.13 a$fovephows. 

AMALYSIS: Begin b obtaining имле data at each 4 tha. prin oot 
States: These values are Summarized w the tables above. 





ASSUMP TIONS : 














Gas Cycle 
o 
State |. T=300K. Table A-22 gives hı = 300.19 7/69 , Ёа = 1. 3960, S, 210203 
Ет кә. К. | 
р, 
` $%Хе62', Peas= Pra (Pèp) = 1.30 Eo) 16.632 = has = 610.65 e3lis 
and 


ha zh, + Chi) = 66% #8 &J 50 = 2.5088 єЄЧ{є$. |< 
We KS ‚а 


Sh: (4714*00K. . h3= 1515,97 3J|rs , без: 4.5.5 , 55 - 3.3620 | ESC 
Sp Ч: Pots: (@/р,) ee, = te) (499.5) 237$4t 29 hys- 76 9.39 2|5 
het hy = ha — Mic. C^3- hc) = ASISA о. 8( isis - 7603) = FSB Kles, 


Sq = 2.3614Y 7/69 <. 
SHAS, Tra Sok, hp 492.49 ЕТЕ, Sc = 2.0760 If Es. K. 


Морок Cucle 
Stabe 7: Рус vobar, Tj = «009€ . TableA-¥ gives hy z 3383E), 
($37 6.363 YEK 
SB. Sg. = Sy әу 285 6.363 —0-5146 0.55% › +852 173.68 +. 259 T (2403.1) 
8.2237 - 0-1416 = 1459.4 &2/E5 
and Wee ^Q- Ng (hy -hes)= 3138.3 - 6.9 (3177.3 —1184-4 ) = 2t0Y4-7¥ KIES 
алоч тү 192.80 — o. 5035, Sg= B. 9264 0.801 f (8.1157 -0. $326): TZEI 
24 оз. ! 
State а: Satwretad Liquid at 0.08 har . ©; 
cades hue hee V4 Ap? (33.88 + (1:298) 142х007) ios| 218.9 69/65 


ha = hq + Chos- ^4). 173.86 + (tse \+ 183.0 Then, жеб Куу w 
™ 
Table A-S givet S6 2o.S4375 TKS: К. 
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PROBLEM 3-2 ( Contd.) 


(оу To find the mats flow rates of tha air and S Haw 7 Реалии witan 
Мла сс and e nara Asta оо 0 далса? сл the herê evelunger | wuch reduc- te 


т^ 
ms . hy-hs F 
Vg = Ur V z s8- 482.91 = 0.1241 
17 ^6 3138.3- (83.496 


` For tue gas {ме руу ر‎ tha vet Power d e Valero to 


Wa = mq (Chg м) Curb) ] = wg (257.83 5 C) 
oni dw Xe ver Cy cha. 
Wes Mms L GO hg) - (^c-h47] = ms ( 1023.5 DU о.) 


Tw» wet (un doas. d ر‎ Md eoi We + Ws ) vs gwen as {сю MW. De, 
со Кес ма results ری‎ -e — 


0127 | 


Wnet = Mo | (287.83) + — (iocis) | => 


| leo xio? К3/$ 
^at — — e 234.5 EIS; 


(283-83 ) + (0-221) (1023-5) 


>» Mass 30.4 k9[s 


lb) Tha — Mr ci € 24 be те Wg + Ws) / Qin ر‎ where Qin wa (3-12). 


281.93 0.1271 (1023-6) 
үүт aR RS Ter UC SERE EUR ppc pen Ы 0.494 (44.4 Ao ) 
(1515. 92 — 669-78) 


Сс), The war روہ بے‎ wh canoe Ha air ing th Hans. 
"мо е. 4 à p Jj "X^ — ortor A 


Ej-Ep = mq [09-а ) = % C83 -S2 ~ 94 5/5) ) = (239-3 кз) (sis. тея — A eT سیم‎ 
= H.i MW а.6о85)] | тарар 
Los«es - : | 
e aicout: (Egs- Ед) = ma [lhs -h) - Te (Sg- $$ )) = (2313) [чам - оюла - aeo (2.1770-1721; 
= 4.49 Mw ТЯ 
А q- 73.9) 300(6 2292-0-54) E 
a Condenser: (Eg, - Era) M ve (hg -hq 1-1 Gg -Sg )] = 30.4 [Gres 74 - F3. s 


a2. MW 


Destvv chon e: Using C. = To d = To m 45 


; _ 9.314 too Vj AL) = #12 МИЈ 
e Gas turbis Eg z ma To(S¥-S3)= (234-3 )(300) [2-76 195 -3-3629 * in e] los] 


соз —1- — Lje 6F2MW 
e composto Eq = “(п - 5 j= (2343(0 )( 2-58 7 139203 төл" e] Ls 
e Steam turbine - Eq: mç ($8 -51) s (30.4 (aoc) e t2 € - 6335| = 3.33MUJ 
| Is- osne lis OO MW 
„ pup: Eda We Tol 5C- $4) (зо ч (zoo rl 9:51 10 т 
‘ . . -0.58435 
E . = me ( S°%e-S%u) + "^s ( S7 -Sc) = 30o 234.3 ( o 
| (eot exc еа Tl 3 г-5%) ] dn (5.1.541 EA) 


= 10.63 МИЈ 


Summary: T^pul MEERY MAF | 
Disposition * Wwet : (оомо) + Losses: (12.22) + Destrectons (28.84) = HIMW ر‎ which а gues +o 


within Cound off 
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PROBLEM 4-8% 


KR OWN : Operating data are Providad fer a CcComlruned gas turbine =~ vapor 
power plant in Which arr and water Vapor are thea wor Ex v9 ftoradg. 
FUND:  Detecnune (a) Tha mass flow rates of the arr, Steam, and Cooling 
watery Ch) tha wor power devye Lope d 0% the ас tar hine and Vepor Cycle, 
CREPES RVE jx) tire thermal теи ч и ьн Combined cycle, ane сч) 
a fet ac coc Win the "at yer macrease of the air PAS Sing 


Tlerouch the Cow boster the Sas Har hine. 
SCHIMATILC QGiVEM DATA: 






| Gas Cyce 
ے2‎ ү —e 3 o 
p! m Yl T, = 4660 RN State W(SWw/lb) 6° Ceu. /1Ь-°еУ 
— POI | 124.27 0.54112. 
| | pal as 2. 210.31 0.11820 
| e 1 Li : 3 614. ча 1.00623 
я |= Кєз. — 4 382.31 0.86289 
n \ احم‎ j N= .59 5 201.56 0.10141 
(7) чо ооо f? po Punts = Кыл WEha® Vagor Cycle. 
$ ; » 
T. BOR E Oa State № (Әм) SC B/E 
pe о и, | m ` (448.1 1.6 ae 
Em lo wy | b 455.0 1104: 
© те бойоо. جا‎ | c 64.14 .13271 
| 
sat. ! l Peond = Ьл 
lis. і мл ASSUMPTIONS: 
cooling (. See Example 9.13, Assumptrons 1-5. 
boF OF weaker 2. lo* S20°R) R= 14.7 ТА 


ANALYSIS © First, Fix ach of the principal 
Stotes . For the gas turbine cycle t 
Stofe ( T,=520°R 3» М, = 124.27 / b | 
Ру, = 1.1447 , 59 26.9192. Bel Ier To 
State 1, For isentropic Co vw rss Lov "m д 
P v5" (е. P. ) Pr, = 14.5164 => has” 252 oy 
Using the compressor eFiciency , | 
DELI -210.21 BH у i 9 7720 S Ib. OR 


State 3 Ту = 200000 Æ> h,= viu. 1 Stu/lb | 5,7 513.5 1 S%= 1.06623 RIN [5 ÎR 


state 4 fu =(P4/Ps ) Рез = 42.192 "> = 342.1 pru/lb 5 with Vs 8B, 


hq = ha- МСМ Муу = 382,51 Bull з 5%= 0.02.27 Ghal lb- 2R. 
state 5 Ts + ҷо => hg = 201.96 Btu/tb j $*e2 O.FOFEF [Ic A 
For the vapor wele: 


state о, pa?* iooo lut , T, > 400*F > haa 1448.1 esas Lei 2.07255: 
State b PL = 1 и, Spg3 Sa > hy, = 100.26 Blu/Ib. With N, 2.40, 
hb = ha~ Ny Cha- hes) 2455,0 Giu/lb ® Xp 0.5545, 5b — 1.7097 Gele . 9€. 
Skee put belie sat. liquid => h,= балч Выль, с = 1927 B К 
$юАе&4_ р = (о0о Ема ر‎ $4, = S, a> Table A-SE ; has = 12.84 Bl / ib 
Wi Mp 3.10, haz he + E) Bulb , Sa = 0.13447 Bll” 
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PROBLEM 4-38 Contd.) - page 2. 


Ca) The mass flow rate 4 ths arr ш 


Maiv x (Av), CAM _ чо, 000 Hin) (4 71 vf Y 
RT 15412. 520°R 
mest ae) ( ) 


-1.932x(05 Ib/h 





Mu wr tue a | 0ا‎ min 
үр 


Reducing wast and energy rate balances for г. Control volume 
enctosia 9 the імг. wt желер 


О = Mair Chu -he) + Wer lha- ha) 


h | 
ma = Wair (TARE + — = 2413x007 ip] АҺ 
Combining ewergy aud mass bulauces for He condenser | 
O = msg ( hp- he) + Mew Chery is ` hewout ) 
Solving for Mew aad и) ИА hew х he Cr) 


or 


: | у М-м . 
Mew = Mg |0 d w 
ew = Ms СЕ aa) = пото Ih a ч 


(о) the wet power of Wa gas turbime eee. is 
Waas * wair |0 М-и) -) ahs) | = 2.60707 Bias 


For Wwe vapor cower عه‎ 
Wwe = a [lha he) = ha-ha] =ат4!ко 7 M/k 


се) the rate ot heat Wwanster into the combined cycle is 
Фм = maie Cha-he) = 1403 x (o1 Blu /l 

Tuo ' . 

№) 
ү = Were Wer = „544 (51.44 9, у 





(d) Tha net wevease wn ex ergy “Б air Passeng е е Combos tor” 
Ца у, þar bine » 


о ¬ Dh. 
Ep3- Eg = mar Less - 842] = hair | 3-и.) – To (58-55 кубу]: 6.23110 B 
Losses: * T 
© Aic out Ess Es) = wair | (hs-h,) - тъ (52. $ -ё R A c/o. у] = 3.133 wo 
ғ nd at. " 
— ‚сә - Ex, co = EN |, he (80°F ) ~ hg (60°F) = To ( Sç (80°) - SE (60°F )] 
4.103 ¥ Bk 
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PROBLEM 9-88C Contd )- page 3 
Destrvoefions : Using EA = 5 F> To m(As) 


Gasturbine: Бит 2.573 0° Вн /А 

Comps sor ` Еа: “517 Хо " 
Steaw tuer bins `. E d = 1223 X юе а 
Poup г E£d- 2.3¥8xX О " 

зоол: Ба = 6.361 x06 BW/A 


Condenser: Cap To [ mise (sc - Su) + mew (Sew out Semin) ] = 23x co* e Jh 


Heat exchange : Ed = Tol Hig (Sa - $4) + mair (9-84 )] = 3.727 х лое К/А 


Output : | | Ө 
Wuet = “Јада; + N yap : 3:514 <° б/д 


Dummer y 


. Exergy Taput 5.2.31; Kilo? RhA 


‚рез Алла tha 
CKor an in put oe. 
® — Net power developed 3. $44 xeo” ВМА (73.5%) 
— Exergy Deshuchn 10: 318 Y 108 D/A C19-7%) 
- Exergy Losses 3. S3 ¥ (0° ВЊ/А (6-3 ^) 


$. 2*5 Y «10? B «lh, 


|. The sxe dostvuchor, asSeetated wh cowoboshon ùn vet cousrdered 
w ما‎ posent analy SUS which c based on thre arr -standard mode l. 
Soe the diScosS$í/0w m nete 2 "i Ho Solu feo. + €x apte 9. (5. 
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PROBLEM 4.84 
known: Atv is the working fluid inan Ericsson cycle with daton 
nown at various locations. 


FIND  Petermine@) the net power developed (b) the thermat 
efficiency , aned СС) the back wore ratio. 


CHEMATL ( 






Qin 






Ldeal 


tlh lll el n {Чоок 
veqenerakor 


ч 2 y ' P =10 bar 
` I 
Qou Lon 
| 4 
. | i 
We le 
7 
3 ^, | 


We 
T,7300K 2 

P,* | bar ^ ° 

vh = 5 kals 

ASSUMPTIONS: (1) Each component is analyzed as с. control volume af 
Steady sfate.(2) ДИ processes are internally re yersib le .С3) The compression 
and expansion Processes ave isothermal. СЧ) Kinetic and pokuta ( energy 
effects are negligible (5) The air behaves as an ideal gas. 

ANALYSIS: (&Y The turbine power is evaluated nm 


We 2- m J rae = - Үү RT, Im(lp) 











8. EY AY fi kW 
2 – (5 gl (2215. aa ROOK) ы] io | l/s |: 4626 kW 


and for the compressor 
Wee WRT; Ол Pulp, 2441.2 LW 
Thus 


c 
Wen ele = We -We = 2035 kwa Week 
(D The ermal eff renc) (< 

№ =1- 12 1- Ёо = 0.186 (718.6% APR: 
Alternatvely , from an energy balance on the tuvbiue ; Qin = Wy Thus 


n= Muade . 3635 . 078G 








Qin d 62.6 
(c) The. bacle Worle ratios 
bwrz ban z 441-2 bwr 


Ui dene ^ 0:2114— 
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PROBLEM 9.40 


See Problem 7.89 for Sample calculations. The. dafa for the required plot 
ave obtained Using IT, as follows: 


IT Code 


Т1 = 1400 //K 

ТЗ = 300 //K 

рз = 1 // bar 

гр = 10 

p4 = rp * p3 

pi = p4 

p2 = p3 

mdot = 5 // kg/s 

R = 8.314 / 28.97 //kJ/kg:K 


Wdot t = - mdot * R * T1 * In (p2 / p1) 


Wdot, c = mdot * R * T3 * In (p4 / p3) 
Wdot, cycle = Wdot_t - Wdot_c 


IT Results for r, = 10, Т; 1400 K 





МА = 4626 kW 


Ww = 991.2 KW 


W = 3634 KW 
cycle 


PLOT: 


T4 = 1400 К 


T4 = 1200 K 
T4 = 1000 K 





23 4 56 7 8 9 10 11 12 13 14 15 


Гр 


We see Mo e power wcreases significant with cownressor pressure 
ratio amd wil) maxi waum оҷ сіе feauporadure for Hus idealize uele 
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L3 
PROBLEM 99] 
KNOWN: Air is the working fluid in an Ericsson cycle with data known 
at various locations. 


FIND: Determine (a) the net work per Unit mass of air flowing aud 
| (o) the thermal efficiency. 


Ideal 
regenerator 





a 4 
Ta = S60° 777777777771 
ASSUMPTIONS’ U) Each component \5 analyzed aS a Control volume at steady 
State .(2) All processes are internally reversible.) The compression 
expauston processes are isothermal.(4) kinetic aud potenhot energy effects 
are nealigi ble. (5) The aw behaves as au ideal gas. 


ANALY 515. (6) The turbine worl. is evaluated using Eq. ©. 


Ф 


— = — Р. 
— { udp RT, Фл A 
= — es — \c2280 er) Qu ft) = 383.3 6/6 





941 lo. 11. 
For the Compressor 


We = Py 2 1.986 = QS, F«/ lb 
Че > RTs Wl) = (Hl (su) b = ISH BMI 


hun, Мо nek work ts | 
eye a WE ~ We = 3933-95. 427971 — —B8 





(p) The thermal efficiency is 
= 4 vm їз 2. 
n=l- 12 202151 " 
Я А ‘ о 
Alterwatwely y Aufa = Wt + Сир) = 3833 мл. 
л 
М = 281.1 = 075 [ 
393.3 
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PROBLEM 9.92% 


KNowN: Nundergoes a Stirltha cude ТРИЕ РИКИ | | 
и C tess 
Other dat ave also sven for Re cycle. ompression ratio. 


FIND: Delermwe A) the net work , (by the thermal e ici aud 
(c) the mean effective pressure. — и Аш, i 
3 


E CLIVE) DATA: 
Р 





ASSUMPTIONS! (\) Theair is a closed s stem .(2) The compresst n and 
expausien ace isothermal -@) AM processes are Ma eva tly LE 
(Ч) An ideal regenerator is available to store the energy rejected at 


Coustaut volume to be used as heat input durin thea cons vola 
heat {хом 46 process. C5) The air — as ne, ideal gas, = 


ANALYSIS! The mass wis found as follows: 


BM. (oF N/m 0.009 we) - 0.009% Kg 


m= АМ, 
RT. Є ы у(?чок) 


(6) For tHe Tsothov wr Compe $$00A 


Wia = J pav = MRT, и T 
-(oof sy (ZAL. X) 310 k) (4) = –1,88 KT 


Similarly, for the expansion 
Way = MRT In Ya = (0.0083) (8) 1000) (nl) 2691 KT 


Thuy, Wae = №. + $ = 4,4 kT | Wegele 


(by the Muwmal efficiency is 
YU 


wal- Ẹ =l- B= 0.G90 а 





or ц 1Q k3 
га WW оҷ ctt T [d с 
1 Сезу GOT 5 = DIGAO 


- Wy (energy balance ) 


(e) The mean efkectwe pressure ic 
W Wecle 
Nep ViVa = V, (i= ev) 
= A S) sonm ee = 5,84 bar — ш, 
(0,008м%)(\— Б) | Wet to? Nim? | 
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PROBLEM 4. 45 
KNOWN: Helium is the working fluid tua Stirlivg cycle . Data are givey 
for various States in the суе. 
EIND: Determine) the work and heat transfer for each process 
and Co) the thermal efficiency . 


SCHEMATIC £ GIVEN DATA: 
Р 





ASSUMPTIONS / (1) The helium is a closed system. 
(2\ The Compression and expansion are isothermal, ке ШС, 
(3) AU processes are internally reversible.) An 

ideal veqenevater is avaiable Чо Store the energy 


transfered by heat during constant volume 
processes (5) The helium behaves as an ideal дад. 


ANALYSIS '. Са) Considering each process 
Process 1-2: The work is colculated using 


we J pdv = RT Qu = RT, Du (E) 


mM 














1545 f+- lbf \ 16h А IS 
= ее uz 2, | =-63%.7 84. 
4.003 11779 #F-1Lf (So Ib Wiel 
From an enevay balance | 
Quiz == E Wiz æ B Qe 
ub (uu). E = - 634,7 бш Im 
Process 3-4: 
Wey » "a 2 "Ui Рә, 
—— КТ, 0м. TA = RT, Du. GF Єт; lu Б 
1545 
= (ross) | Tg (teo) r. (H£) = 2238.4 Bolo hl 
Osu /m 


o 
and Bay =) ) + vay = 2238А ilb . LN 


Processes 2-3 and Ч-1: 
Qs = او‎ Q23 Thus, if the regenerator 15 ideal, 
Q 322 . - ба Weve is wo wet exchange ef 
EC = U, -Uy energy withthe surroundings. 


(b) The Tini efficiency is 
Wiz 
сисе _ Im + МЈ ә [үм ТҮ (11.4%) 





is Qu — © эч | v 
Ateynat wely 
= T 560 
Eu EE our dre 
n T; | 460 0.114 
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PROBLEM A494 


KNOWN: The mass flow rate is known for the олсе iu Problem % 16 
END:  Coleulated the turust developed by the емде. 


осем АТІС, { GAVEN DATA. 





ASSUMPTIONS: Ci) The contro] volume ‘ts at steady stake. (2) The force 
(D Fy is the wet force ach өм Vo comrol volume. 


ANALYSIS! Applying EQ. 4.31 
Е = м (М-М) 


< 
| kN 


l0? k 9-m(sz 


ji 


(5o £3) (1009-250) £ | 





1 


| 31.45 kN 
Thus, Ma Yhrust is the force developed by Ha control volume 

Pikua =. — Re = ra kN thrust 

to the left 





i. The effect oF the Surrounding pressure on Hae control volume boundary 
camcels. 
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жє 
PROBLEM 4.15 


KNOWN: An ideal qas mixture {005 iseutropicall, rough a convergin nozze. 
The mlet conditions, back pressure aud exit area are speci led. 


FIND: Determine (a) the exit temperature , (b) He exit — ^ Ce) 


the mass Flow rate. sebar 
SCHEMATIC f = ATA : iem E oo K 
| — 
2 = { — * 
j — ha = l bar uae 
k= 1.51 i — س‎ 
1 2 22 = Oc 
М.а. = 23 р E ppt? 


ASSUMPTIONS : CL The control volume is at steady оде with у= к). „20. 

(23 The y» expands iseutropically within — nozzle. "(3) The velocxtu at 
He ue negligible, avd poteutial ew ewe effects cam be ignore 

4) The a ОН hehaves as am id eal аах wil consloud- Specific heats. 


ANAN SAS: Fivst, tt 1s ои to determine if Ше nozzle is choked. 
Using £a. 4. 5l. with M = klek- 
4) 


R klik- 
— к (= уа? j е. (*& = [23€ 


Thus , рж = b/igg = 2120 baw. F< p* > choked condithons > p= р^. 
(^) T3271". Using £4. 9.50, with M=] 




























Си > (CE уса) = En = LISS <=> T* = (0b. | re Tz 
Cb) Since M= l =C2 = о 
NE 6.314 kT ом Ww] ji mie 
\ = Juzni yk euin eun [os 
= S3571 mjs а Na. 
(€) The mass How vale is 
Vn 2 ^ 2 = Р, Azz 
"2, Єт. 
. Cato bar) C 0.003 wa?) C S55 ws) —R Uer | 
>, т 
РС le EF) Gove! 3 1 bar | По? N- 
= 1.995 ksls ا‎ 
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PROBLEM 1.116 


KNOWN: An ideal aas expands о really through a convera c 
nozzle frm Е е ne dT ın the fe le A ke 
pressure in the back, pe the nozzle exit area are known. 


END. Determine the mass flow rate if the qas is (2) a, qb) 
carbon dioxide , onc Сс) argon. 


CHE GIVEN DATA: T Yo 








To 

Fo = 120 1р2 
= b00°R. д P, 760 Ibt hin } f. 
(aya, kay 1 Hy - Ta 


Cb) C02, k=1.26\ | 
(€) Ar, k= =(.667: 





А„= lin 
tank 
AssumPrioas:(!) The control volume is at — state . (2) The flow 5 | 
(S isentropic. (3) The gas behaves as an idea gas with constant specific 


heats. 


ANALYSIS. First, (+ is hecessary to determine. if the nozzle is choked. | 
Using T Е 51 ا‎ ДА „^1 
k-i 


—* le/, 
le -i E le 
= [recor] — 
(2) — 21.4 
r^ = 1.89293 => p* 263.34 اا‎ 
Stihce р < ре, the nozzle is choked. Thus, р, = p* = 63.39 160и“. 


Now, for the iseutropic expansion 


fz = Gi => T = SOO FR. 


To Fo 


Using the исү) bal lance. ; ps K Wey tm Th, cba) HOWE) зба) 
= 2Ch.- = [2 сь (To - T2) 
op 122.2. \Ь-}/$® || 718 £+. lbt 
=| (2) (0. — — -soo)e | 322 Als | 718 £- | 


All of the conditions are known «x the exit. Thus 


e. AJ _ A.V. T. 
di Vz RT 


(1 iA? Y (1936.6 £s] (62.34 beli) 


2z — n nr z2.el (| m 
(252 £t- tbe \ 500°R) Ы ЕЕЕ 
23.97 1. °е 
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PROBLEM 4.11b (Cont'd) 


(b) For СО, ,with k= 1.26 C Go = 0.2187 Blu / Uo- е) 


A = 1.8081 > P*= 66.571 lbe(iu* 


Again, P, < p¥ => choked conditions, ond Pa? p* = 66.37 [ье / (v. 
k-! 


5 ic 
HEP T 


Te (Р. 


To Ро 
amd 


V, =/(2)C0.2187) leoo- 531.0) | 32.2] |778| = 869.5 Н s 


Final 
4 _ С1)С86.5 ) (66.37). 


(«5 


(ey For Ae, e = (.067 Cep = 0.1212 0/1: ^e) 
[3 22.053 2 рж = 58.45 Ibflint 


Ta Wis case, P, » p*, which means the nozzle is not choked. thus, 

the exc + plane pressure is eq ual to Уде. back region pressure . 
at (S 

7 | Py Pp 7 bO lb f/ iw 


ama Te Р. кс 
To = (=) => T, = 454.7 R 


The exit veloaty US 


\ = J@)(0.1243 )( 690 - 454.7) | 32.2] |178 = 951.3 Hs 


Finally , the mass Flow rate is 
.  C)(S1.3)( bo) 


"(sas | = 3.245 105 Yn 
د3د‎ ١ (454.1 
влач ( 


oO OO 
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PROBLEM ۹.111 


Known: Air expands iseutropically through a converging nozzle 
and discharges № Ња! almo phere. The. 1 niet а гоме ave 
specified aud the exit plone area is given. 





IND: jeter me a mass flow rate. Is it possible lo increase 
the mass How rate by increasing Me supply region pressure 7 
SCHEMATIC f GIVEN DATA: | = vo yva 
—— 280K 
Supply (Cw ү \ ow! 
(есе, [ Ux | CE 
- +> B 
Po 14 bar. , — 
— A, = -0013 M^ 
© 5 


ASSUMPTIONS · (1) The control volume is at steady state with Aey? We =O. 
(2) The air expands isewtro preally . Сз) The aw behaves as ам. ideal gas. 
(и) Because of а. small pressure о етеме , ha temperature range 
Will be \wuited. thevefore’ assume k =1.Чіз ceste. 


ANALYSIS (a First , елем mie if tho nozzle is holed . Using Eg. ast шуй. 


M=l qwes khea 
Po =) = 8424 Яу pt = 0.134 bar 
á 5 NOT AAOkKED 
— Р. = i bar 


tor We isentropic expansion 
Aa 
Ter (8) 
The exit velocity is, with ср = loot КУК , 
V. = {2 ФСТ, = Ve.) | 
5o4 ЫЫ } (280-254.3) kc [1O3N.m| | Leg: mls 
ү” 5° ы || 
227.2 m(S 
Thus, We mass flow rate is 


= 2543 К 


ff 


— A.N. р. | (0013 м?) (2277.2 MsYCt bar) A 
| bar TD; 








K Ta ч ky 
( S8 ex) (254.3 k) 


= 0.4047 kals 





YA 
Cay 
(0) Next consider the case fov озі (А $922 bar, T, = 2.Вок Oud ро tbar, 
Wilh Бя .9.51 
Р, le +] k/k- ж _ = 
Б (60) = 1.8429 > РХ = 1,0566 bar 
Pa<p® > choked conditions > p = р 1.0566 lar 


1-131 


PROBLEM 4.111 (соиі4.) 


Thus, T,"T*. From pa os with M =| 

To _. К+] = = * = 2. 

= CU 212 > T 33,33 K 
The exit velocity IS 


v, = acuooay(ze0- 233.33) [i| = 306.1 ү: 


thus, fre mass flow roke is 





. . (.0013)( 306.1) C!) Py oF] _ 5243 kal А 
778.314 3| ©. о z 
— | 
28.31 )(233 "S ° PN 
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= 
PROBLEM 4.118 


KNOWN: Air expauds ts artropica lly through a noztle from known inet 
Conditions toa known exit velocity. 


FIND ^ Determine (ay the exit pressure , (о) the ratio of exit area іо 
inlet area , c) whe ther the nozzle is conve rqiug- avenging or 
converging ‘only. 


\ VEM) DATA: 
LL Ф 


"edm qe Que 


E 
2 45 "Ad 


„Фоо WM Ting a 1500 (4415 
v Mc 


з . К 
ASS UMPTIONS * (1) The control volume is at steady state, with G cy = Wey 20. 


(2.) The aw undergoes дм. 1$ ux tropic process. (3) The. aw behaves as au 
ideal sas. 


ANALYSIS To ftv се State , — h, using ом mevgy balame. 
Thus O= - A - Cv e Yn (G, -hz) t0 S ) £g] 
or has М, + ED 


ба» ч@о* 1500 Oye] ( bE s> || | Btu 
— E ( d dE xw E 119 +b 


= 151.50 Sts => p, 2.4265, T, 7534 ^Q. 


Fuel ply, (fez) -(4 (че (285) — 14, 100 ڪھ‎ 











(b) From Ило. Mass loalance + АУ i Ass | WIAA АЎ» » > 


AMR = Аз №. Pz Аз G.R Te 


— = kel A, 
RT, R Ta i, e SN Ug e 


(C) Te determine We nozzle tupe , calculate the inlet and exit Mack 
numbers . 
( Ng0 $+/$) 


- (NBO LES) OOOO O O 
в м 4 
о Ле (1.34) (223 ) = ad (800° R) | 2 = M e 


= 0.591 (subsonsc ) 
_ _ (500, _ 
= = [2G (Supersonic) 
M. Mia) (ES Y (6534)] 32.2] 


2421 


Thus, O € ^a - divevaing nozzle ic needed. Nozzle 
tupe 
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PROBLEM а. ма 


KNOWN: Аг емегѕ a nozzle with specified conditions aud expands 
iseuutropically. The mass flow vate is known. 


EIND: Determine the velocity , Mach number, aud area at locations 
Where tha pressure is Cà) Во (b) bo ce) 5o, a«A(4) чо \bf /iw®. 
Also ) plot the results aud cletervmine the pressure at whioh 
tha Nou beomes sonic. 


| 
SCHEMATIC # GIVEN DATA . В; A 860° 
oo 
V 
0مم‎ HE — e 
Vi # O —» — 
T= 860°R i ' 
—⸗ 
va 2 4 \0[5 Р. 


4 $ . 
ASSUMPTIONS: Q) The cowtrol volume is at steady state , with Q y= Wey = О. 
(2) The air expands is ewtropically . C3) The air bekcwes as an ideal gas. 


ANALYSIS: For each case to be amsidered, ps too Ibelia*, T, = 860°R. thus, 
h, = 206-46 G/lb , fp, * 7.144. With р, Specified 


| Pea = (Pz / Р. ) R, => hs, Ta 
Then, Yee velocity is found using au energy bolauce 


Vz =/2Ch,-h2) (0 
Oud fe Mac number is 
M. Va Петь Ст) 
Finally, avea Ar ic 
ko He „ MRE съ) 
ш Na Уз fa 


(4) Fr, = (B0/100)C1.N44) = Sna => h,= 143.67 Ba т, = 801.6 ^R 


5 = [2 ( 206-46 - 193.67 bs pon pua Fils | 
l 











= 800,5 Hs V2. 
From Table A- 20, k= 386. Thw 
( 800.5 ftls) M 
M = = 0.511 * 
i. 36e)(1545, _ Fb © 9€3132.2. \b- #5 
зве e өк COM °з e е 
1545 ft wt o 

A, = (чаӊ) (î | бте ку, а=. = | = 1.869 X6 RZ Az 

(800.5 Hs) ( 80 Ibt/in*) 144 in: i — 
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PROBLEM 9.119 (Саа) 


The remaming cases are handled in a similar manner. The results 


are Summarize in He Following table 


Pa (4 | h a(S) racer) үүт Са) 


in" 


a» so | 143.07 |6016 | 800.5 туа, 
(b| eo | 118.56 | 14%7 [wees 1.689) |. 55 хос 
()| 50 | 164.28 | 107.14 | 1364.4 1.098 | 1.5350 ^ 
AAS 156,85 | 663.78] 1544.9] 1-224] t.a xe 











(€) The data fov Ha required plots ave olotnined using IT, aS follows: 


ІТ Code 52 = $1 
p1 = 100 //Ibf/in? 52 = s ҺР("Аіг,ћ2,р2) 
Т1 = 860 //^R T2 = T h('Air", h2) 
Vel1 2 0 Vel2 = sqrt (2 * (h1 - h2) * 778 * 32.17) 
p M2 = Vel2/c 
dot=4 //\b/ — 
= 40 // fin’ c = sqrt (k * R * T2 * 32.17) 
Rbar = 1545 cp = op T('"Air", T2) 
MW = 28.97 cv = cv T('Air", T2) 
= | k=cp/cv 
R = Rbar / MW v2 = v. TP("Air", T2,p2) 


hi= h_T("Air", T1) A2= (mdot V2) / Vel2 


51 = 5 ТР("Аіг", T1, p1) 


PLOTS: 
1.4 1600 
12 1400 
1 1200 
1000 
0.8 — | 
N 
= Ф 800 
0.6 сч 
> 600 
0.4 400 
0.2 200 
0 0 
40 50 60 70 80 90 100 40 50 
рә (Ibf/in.2) 
0.02 
0.018 
0.016 
0.014 
— 0.012 
4 
za 0.04 
< 0.008 
0.006 
0.004 
0.002 
0 
40 50 60 70 80 90 100 


52.8 рг (Ibf/in.?) 
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IT Results for p = 40 Ibf/in.? 


hı = 206.5 Btu/Ib 
h2 = 158.9 Btu/Ib 
T2 = 663.9°R 

c = 1262 ft/s 

k = 1.397 

V2 = 1543 #5 
M» = 1.223 

Az = 0.01593 ft 


p2 (Ibf/in.2) 


PROBLEM 


4.120 


KNOWN: Air with le =1.4 flows isentropically through c. diffuser. 


EIND: 


* 
* 
r 
Ы е 


avr 


وچ 


Р. =Ч bars 
Т, 2240к 


Plot velocity, Mach number, and afea ratio МАЖ for 
locatiens in the flow corresponding to a range of pressures, 


fe , Tg 


И 
Рг (Ta. ^ 





У, 2 512. м (5 < 
ASSUMPTIONS! (1) Тѕеићоріс flow .@) Tdeal gas model with k=. 
ANALYSIS: The following expressions are used to calculate the requwed 


[кеме i 
l. & = (ЕРТ 
2. М > {с » 
3. Р/р = a ez м2] — (£4۰7.51) 
4. TIT = ые ( & 9.50) 


Ck4+1)/,¢ к-а) 


5. /A* = h [(2) 0+ 6) м? | (8.4.52) 


First, use given values of TORV; lo qet c ‚Ё, p» To. Theun › МАЧ Р 


To 


My T, A/ K* ала V 


“The data for the required plots ave oblacued usiùg IT, as follows: 


IT Code 


p1 = 4 // bar 
112290 //K 


V1 = 512 // m/s 


k=1.4 


ІТ Results for p = 10 bar 


Rbar = 8.314 // kJ/kmol-K To = 420.5 К 

MW = 28.97 // kg/kmol po = 14.6 bar 
Т = 290 К 

c1 = sqrt(k * (Rbar / MW) * T1 * 1000) c = 341.3 m/s 

М1 = М1 / c1 V = 260 m/s 

po / p1 = (1 + ((k - 1) / 2) * M1^2)^(k / (k - 1)) M = 0.7616 

To / T1 = (po / p1)4((k - 1) / К) A/A* = 1.056 

p=10 

c = sqrt(k * (Rbar / MW) * T * 1000) 

М= М/с 

Агайо = (1 / М) * ((2/ (k*1)) * ((1 + (К - 1) / 2) * М^2) )^((k + 1) / (2 * (k - 1))) 


ро/р = (1 + ((k- 1) / 2) * М^2)^(К / (К - 1)) 


То /Т = 


(po /р1)^((К - 1) /Ю 
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PROBLEM 9.120 (Cont 4.) 


PLOTS: 
600 1.6 
500 1.4 
1.2 
400 
a 1 
= 300 = 08 
> 
200 0.6 
0.4 
100 
0.2 
0 0 
4 5 6 7 8 9 10 11 12 13 14 4 5 6 7 8 9 10 11 12 13 14 
p (bar) p (bar) 
2.5 
2 
* 1.5 
< 
4 
0.5 
0 


4 5 6 7 8 9 10 11 12 13 14 
p (bar) 


Note Hat the MAIUM моле. of A/A* COLUMNS at A Mack uum her of umiba, 
as expected. 
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PROGUEM а. 121 


with isen "t of A 


FIND! еи Specified conditions at the nozzle exit and 
{nroa 


KNowy: А ТУК ТАРА diverg ng nozzle operates at steady State. 


SICHEM 





C : 

O Mei D 
P,=8 bar YL 
Ta Hook | 
M202 | 


К 
— — 


= A —— 

Ay=3em> — A, = б Cw? 
ASSUMPTION: The ай behaves as an ideal gas, with k=.4. 
ANALYSIS: Use Table %,1. 
First, Lind the Stagnation State . 

M 20,2 2 Т,/т, = 0.45206 + To = Ноз.21< 

Р, /Po = 0.41250 = р = 8.226 bar 

If the nozzle flow is choked, -, 71, and 
T, = Te(. $2332) = 336.0K 
р. = Po € $2828) = 4.3456 bar 


Further, ap = ЁТЕ = 0.2219 wrk, 


Vin DJ ER Ty, = 367.4 mls 


Thus, dhe macs flow rate is 


mM = AW, . 0.441 kglsg _______ Mm 
АЛ, | 
Now, with A,/AS = 6 cw*// 3 cm? = 2. , there are two cases ih Table 4.1. 
Superson 


КА„*% 2.20 => PL = (.09352) Po. = 0.169 bam, Р 


Tz = (,S0813)T. = 204.4K ge 


2ubsonic . 
Mx 0.3074 > Р, = (.4360)p,7 Тло bar. — 
Tz = (.4 8121) T, 285.6 Kg Te 

PROBLEM 4. 12 2. 


back 


Wit Vy = 0.16 ز‎ Py = = = 4.214 bor SD sS Ure. 
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PROBLEM 4.123 
(See Problem 4.121 fe v details.) 





Є: 
ААХ =2 
fo^ 9.226 bar 
P= Zbar 
Px 2. _ 
Poy ¥.226 T QOQ.24 313 => Mx = l.S 79 


Using this Value in Table 9.2 gives Poy | Pox = 0,430246. Thus, 
With fox = 8.2206; Poy = 7.424 фаг. 


Now, for A,/A* 22 ,and subsonic flow after the shocle , from Table 4. 


Pelp, = 0.43601 => P, = 6.94% bar back. 
presure 
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PROBLEM 4.124 


KNOWN: Air undergoes a normal shock . Сомо tons upstream are 
known. | 

FIND:  Detevmine (а) Py O) Pox , CO) Tox , A (d) the change m 
Specific eniropy across tha Shock , S4- 3. 


SCUCMATC g OLIVEN DATA: 





ASSUMPTIONS: the aur is an ideal gas with constauk spect heat vatio kary. 
ANMASIS! (a) Using Table 3. Z , at Hy=1.85 
Pulp, = 3.0133 => Py =G.6133)(.5 bar ) 
= |. SO bb baw ى‎ | 
(Ъ) Using Table 41, oA М, > 8; 
= (.5 bars) = 8 bow Pox 
Px Poy. = O.|140« => Рох > “To 22.813 gg 27 
(€) Also from Table 4.1; Tx[Tox = 606 BO 3» Toy = del.4 KC Tox 
(A) Te calculate sy-Sy , 
54-5; 7 А Us| | -R Sa. (Ful px) 
yn ?x Cp Tx FX 
these Votios cam be read d recti from Table 3.2; 
Sy-Sx = loot Su (1.5316) – cn] lu (3.0133) 
= 0.05435 К/К. AS 





The data for the reauwed plots are oblasned usi ng IT, as follows : 


IT Code 
px= 0.5 //bar 
Tx = 280 //K 
Mx = 1.8 
k=1.4 

[Т Results for Mx = 1.8 
My^2 = (Mx^2* (2/(k-1)) ((2*k)/(k-1))*Mx^2-1) My = 0.6165 
py / рх = (1*k*Mx^2)/(1*k*My^2) Tox = 461.4 K 
Ty / Tx = (1+((к-1)/2)*Мх^2)/(1+((к-1)/2)*Му^2) Ty = 428.8 K 
pox / px = (1+((К-1)/2)*Мх^2)^(К/(К-1)) pox = 2.873 bar 
Tox / Tx = (pox / px)^((k-1)/k) py = 1.807 bar 


dels = 1.004 * In(Ty/Tx) - (8.314 / 28.97) * In(py/px) S, - Sx = 0.05933 kJ/kg-K 
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рробивм 2.124 (Сі. \ 


1 4 
0.9 3 
=. , 
=, 
0.8 o 2 
5 
- Л 
> 8 
0.7 G 4 
0.6 0 
4 1112 13 14 15 16 17 18 19 2 
0.5 М, 
1 1.1 12 13 14 15 16 1.7 1.8 19 2 
@ py 
М, —k-— Dox 
600 0.1 
550 оов 
500 = 
T x 0.06 
==, ЕР; 
x 450 = 
H| х 
^ 0.04 
400 a 
350 0.02 
300 0 
1 11 1.2 13 14 1.5 16 17 1.8 19 2 1 11 12 13 14 15 1.6 1.7 18 19 2 
Mx Mx 
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PROBLEM 2.125 


KNOWN. +: Aw flows rough a converging - dwerging Nozzle and 
dis Marges to the atmosphere. The flow is isentropic up 
to the “exit pime where a normal shock stands. 


FIND: Determine A) the stagnation pressure, pox , (b) the stagnation 
remporature , Tox , and (c) me nozzle емі area. 


SCHEMATIC Ф GIVEN DATA: 


Ns 


tot 





P.=14.7 bela” 
—> x$ ч حو‎ 9 
Ty = 5 40°R, 
Му> 2. 
Y^ = 07] Wols 5 


ASSUMPTUND RD) The air behaves as ом ideal gas, with constant k= 1.4. 
(2) The flow upto the shock is iseactropic . 


ANANSIS: (A) Using Table 4.2, o M«-7-2.05; 
Pulp, = 4,5000 => Pp, = 3.267 lb f£ ew. 


ond, from Table AN Px \ Рох 7 6.12180 => Pox = 25.50 ee Pox 


(b) Similarly , Ty/Ty = 1.6615 ту = 320°R 
rnd Tx (то 55556 = Toy = S16 °Ё ш Tex 
(c) The velocity at x is 


Vx? MV RRT; = 2.4) ( 1249. #00 | (320 °K )|32.2 — 
е * l 





ене 
= 17154 Hs 
Thus : 1545 Hib 5 
Aus M RT _ @ lols) XYXE гє zo R) 2.08 i^ À 
- —— = 2. م‎ 
Vx. Px (1154 4Hs) (3.267 А2) T 


PROBLEM 4.1726 
KNOWN: See Problem 4. 125 
EIND: Determine the throat aren aud the entropy Produced per 


wut mass of avc owing. 2 
AUAMSIS: From Table 4.1 ; Ay / KK = 1.6675 4A = 1.185 w a A dd 
The ewtrepy produced is 

дһ = 5ц- Sx = Cp D sls.) -R Lals ly) 
= 0.240 BH, ) Or (1.6875) шаве в. Qu (4.5000) 
= 0.0225 BW/tb-°e olin 
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PROBLEM 4.127 


KNOWN: Air flows Through a converging dwerg Ag nozvie, A normal 
Shock Stands in the diverging section , and the flow is 
($ФлААторхс. elsewheve. 


EIND: Determine (4) Tox, бо) Pox C) Px ,A py ,(€) Pou, and C+) Tou. 
Aso , determine Una mass flow vate amd Wa exit pane дд" 








SCUBMATIC. d GIVEN DATA: + Pox Pou : 
PE © | z Tox *Toy 
(D Ayr Texto м Р, = 2.4 bar | 
R=34bar | 
T2S530k  ! 
М, 0.4 ү, 


My= 1.8 
k =(.4 ‚ср 71.004 ЄЗЇ key, 


ASSUMPTIONS: The ar behaves as an ideal 
gas with constant specific heats (lcs 1.4). 





ANALYSIS Use Tables 4.1 and 4.2. 











бу М 204 "D т,/то = 090944 D To, 54104. چو‎ 
(b! B/Poy, = 0.84562. > р, = 3.796 baw _______lox 
(с) ot M,= L-8; Р/р = 0.11404 > p = 0.0601 bar q+ 
Cd) at MELB, Py/p, = 3.0133 => Py = 2.387 bur Py 
е) Ms 0.51650 Ф Py [Pou 20.177353 => Pa = 3. 086 bar a EET 
(H Toy Tox = 54910 Каас [7 


To determine the mass How vade, we. Hirst determine He conditions at fre 
roa , иел. Hu wua is enown. That is 


тж = (0.83333)(S470K) = 455.80 — 0 018. 

ГЕ ¥ = x. loy- 

=¢ = |) TÉ = haye КУ | nee 
Ny, SIS | a )(455-8 к) | ley 
р* = (0.52828) ( 3.146 baw) = 2.005 bar 





| ت‎ = 4279 mls 














ius PŽ Aw Ма, _ (2.005 багу(л.ьх S 4%27427.4 mls) | 105 Мм ! ЕЗ. 20448 19 
i RTT j 6.314 kd 455 а К ду | LO? Nma | ^ 5 . 
( 28531 как l ) p 


Now, doumsheam of fre shock , Poy = 3:086 bar. Thus Pl Pou 0.7117 > M.= 0.61 
Also, Ta / Tou 2035064 > т. = SAIK. New 


V = м. k RT, =(0.6) | Ca) (8:35, )(509.1) | lo? | = 275.9 mis 


Fi nally 


о 8.314 3 
AL = м КТ, „© 446) (3s (455.8) Li 2 qg gaxto ма 02 
i PN. (2. 4) (215.9 ) lo? 








4-183 


x 
PROBLEM 8. 12.5 


KNOWN: Аг enters a converg ing =a werg ing Channel at a Supersonic 
Mach number. А normal shock stands at the inlet, and doum- 

Stream ef the shock, the flow is isentropic. The mass + 

vate amd conditions at Hho exit are lenown. 


FIND: Determine the Wlet and throat areas. 
SCHEMATIC Ê GIVEN DATA: 





Poy 
T 





- S 
AsSOMPTLONS: (1) The Control volume is at 5 State (2) Downstream of 
The. normal Shock “Ye Lib) is Iseutropic yr eo energy effects and 
he exit kinetic energy canbe neglected CP) The aw behaves as an ideal 
Gas with k=1.4. 
bNaWSIS: Usin 


АМА 9 dede. from Table 4.2. ; MH AME, Thus , interpolating 
in Table 4.1 br M -0.06009844 

Ty [Tou = 04177 2. 

Py/ Foy = 014083 

Ау [AY = 1123546 


With Toyz 100°R ; Ty 7 043.4 "fe and with Poy 20 LF lint, Py = (4,817 Wine 
То fird Vy 





— — 


ft- 
Vay = My ет, = (0.069) (14) ا‎ || a22 
| 


Also, — 4 a CTs (үл (042.4 2 | = م‎ 
Ут счет) Paw © 
Thus _ Muy CUS 5) (05799710) _ 2. А 
" _ =0.66%8 4% 
y Ve ( 830,1 ls) 
Mes Ачи 


K 
Af А/м SOMA Fa o aooo 


PROBLEM 9.129 ( Devivateevss) 


км}: Derive (a) Eq. 9.55, 


(e) E4. 4.56, <) Eq. 9.57 
SCHEMATIC E GIVEN DATA: 





ASSUMPTIONS. (I) The control Volume shown fh the оссомраи ги figure ^$ 
a+ Steady etate. С?) 


The gas Flowing сз modeled AaS aa 
ws t constant spec: fic 


heat raho к. (3) Ay = Ау, 
ANALYSIS: la) Conservoathon 


ident Gas 


of mass 15 expressed by E$.4. 4(o. Couservah'on 
o4 Cuergy rs ex pressed hy E 4. 9.47 which can be (ewr fen as E9, 7.52, 
Newtons Second Law of mohon IS @ypresied as EG. 9.49 wlth Can 
le  agwritten as Ед. 4-48. Using 


ideal gas relahious these cau ЮА. 
Co m о. кле ёл. 5 Po ((o ws: 
ух Мк = Ру و۷‎ 
Fe м, KRTx = Ву. My ig Ty 
RTx Ётү 
Px Mx = Py My 0 
V Tk ут, E 
h 1.4 
My (1+ ZM) My (+ S My) 
"XM тк My* 


One solution to this Cquahon гу Мут Mk , corresponding to we көлүе im 
properties w © flow + рисі e. tm ivol Vailuma with Aus Ау. This фос | 


Solutvon IS of wo jindevest here. When the above 


eqo«h'on +s squared 
ıb becomes 


Е Е: 2 

My (t+ E= My) _ My (i+ = муг) 

A — —— O — — — — — — 
Cit км; ) (it му у= 


Ос jw tepressed so a qvadra hc equation in My 
му [CS) -*1| + My [t~ ZL | -L = 0 
Solving thea qoedro vc equath'n fn My gives Єз. 4. SS. 
(o), Witu Ед. 4.51 | 
&ys pl ie CS) My | 


lie- 
Poy = Ё, (1+ (et) м] к-!) 
BEES a rako 


| 2 I / (е. 
Poy _ (UT (ROM | e 


k/ (к-!) 


"- 


———————À E^ 
fx Px ta (EU) Мк 


Жакада Єа.а) avove together with Є. 4:52 
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PROBLEM 9.124 ( Сма \ 


ecg | Са ege 


LIA Cl. Ax ws pls Ке G yield Єз. 9-36. 


C) With Eq. 4-52 


"m rc — 
FG sary 
My A 


Vi E ___.. 
[CS + к; му) 0006) 


Then, SIK Ay = Ax 
Ag. Mel 1+ OP 
at | CRD AA 


Finally , introducing 69 А 4.۶ 6 gives Es. 9. 37, 


Ue) /2 Ск) 


PROBLEMS 4,120 and 4.1231 


fhe Computer C OMS fo be w uto. lu Уола rOblews — 
str a ighi forward EE of equations in the uiae — 


1.130 £453.50, 9.51, aud 2.52 
gazi 5.1.53, 1.54,4.55, and 4.56 


As computers aud Softwave vay, Hua details ot the pronams ave left 
fo te Yeador. 


3k 
PROBUEM 435 


KNOWN: Conditions are known fer he turbojet engine analyzed in 


Problem 94.78. | 
Finn: Calculate the thrust developed by the engine. 
SedeMATc 4 GIVEN DATA’ 
= 150 Ё \ Vg = 3004,0 Hs 
و‎ 
m= SS 1/5 





ASSUMPTIONS: (1) the control volume is at Steady state. Cz) The force 
© Fx is the net force acting en Wa control volume. 


АМА 515: Applying Fa. 4.3! 
«= wh (vs - v1) 
zi \b _ tti — tihe 
(S 12) (3004.0 -750) € — — 
= 5950 Ibe 
the Yhrust is the force developed by the engine. Thus 


Бусы = 7 P = : 5950 е | thrust 
+o We lett 


— — — —— — — — — ——— — — — — — — — — — —— — — LY ES ES SS — — — — —— 








PROBLEM 4. 26 


KNOWN: The mass flow rate is given for the cycle in Problem 9:16 and 
for Jue modified cycle in Problem 4. 74. 
EIND.: 


Calculate the thrust developed by the engine ш each case. Discuss, 
Е © 


_ [009 m/s ( 4.76) 
^ ре mls (3.73) 





ASSUMPTIONS: (1) The control volume is at Steady state -@) The force 
(D F is the net force acting on the control volume. 
ANALYSIS: Applying 6.4.31 
E, = мА (Vg -V. ) 
The thrust is the force developed by the contro! volume . Thus 
ссі = =m (Vs5-V, ) 
Tuserting values, first for Problem 4.81 ( turbojet) 











| kN 
2 и s. 
A rest ~ -(5o ы (ооа -250) 5 | о? kg: mís? 
= -37.45 kN (tothe left) thrust 
i (Prob .9.16) 
Similarly, for Problem 9.84 (turbojet +aflerburner) 
l 
T eus = - (50) (/080 -250) ro | 
=-4/.5 kN (Yo the left) rust 
| | (Prob 979) 


The addition of the afterburner increases the veloc ity of gases 


leaving the engine. Tn this case , the result is o. 9.3 %o aM sd M 
thrust developed by the engue. 





1.The effect of the Surrounding pressure on the Contro{ voume 
boundary Cancels. 
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progiem 497% 
KNOWN: The turbojet in Problem 4.8 anc the modified turbo jet ia 
Froblem 9.80 are reconsidered. 
FIND ` Сд [сл lote +he thrust developed by eack engine Discuss ; 
SCHEMATIC £ GIVEN DATA: y 





3004.0 15 CProb.4.78 | 
| 3215 tts CProb.4.80) 


ASSUMPTIONS! U) The control volume is at steady state .(2) The force 
(D ку is the net force acting en the control volume . 


ANALYSIS: Applying &g.9.31 
= (z=) 
The thrust is the force developed bu the control volume. Thus 
Рек = "А 3 7 M (У-У, ) 
Tnsertihg values , fwst fer Problem 4.18 (turbojet) 


F. = -{ 8S &)(3004,0- 750 ) E € — | 
Hrust ( ENC 1 S PUT ib -&Hs*] 


=~ S450 lbeCto the left) thrust 
b.9.78 
Similarly, tor Problem 9.80 ( turbojet + afterburner) e 
F urust = -( $S ) (3215 -– 1SO |з) 





= -6507 lb Cto the left), = Умай 
_ CProb .4.80) 
The addition of an after burner increases the velocity of gases 
leaving the M . Tn Mis case, the result is a 4.4 % increase 
in thrust developed by the engine. 





|. ТҺе effect of the surrounding pressure On the contro volume 
boundary cancels. 
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PROBLEM 9.98 


kKNoww: A tuvbojet engiue is analyzed onan atr-standard 00515. Deda 

ave known at various locations. 
EIND. Calculate the thrust. 
ScHEMATIC $ GIVEN DATA! 





— I360K 

Ра 218 ic Pa 

Ta = Alo kK 

Vgz 265 mls 7 


gm! Diffuser 





ре, 
N 


a ү, = 0 4 
} 
(AV) 22360 wi3/s И 20.4 
& Fir = 18 kca 


ASSUMPTIONS: Same as in Example 1.12, except Nz 0.87, У, 20.89, 1l, = 097. 


ANMASIS: To determine ne Yavust , we begiu Vy Liding the velocity oct 
Fle nozzle exit, V9. First, fix each of Une principal states (Talde A-22). 
S tole a Ta = 216 К. => ha? 7 kT /*a , га = 0.44088 


Sede, і Ачу he емел у belamce to We AL user; Oz DE Б А. Thus 


« 








2. 2, 
hehar Na 221544 Е, 265 7752] 1м || ter |. kI 
\ a" > ; z + — l'as wis 169 N a, 2251.08 (ks 


Si се. the иес 15 assumed {о oporate iseabropical 
B= ei Гре у?, = (0.14344 /) 44088 QS kB) = 20.3713 kPa 


Sade 2. For isewlropic Compression, Pras Fr, CIR) = 1.189 and hog sas. E 
With JA. LOWMPTess OC eRiciency أ‎ 


hh (ragh) = $89.10 YS/k4 , P= 1S- P, 2455.6 kPa 


State 3 Т, 21360K a> h,=1467.44 3/4 рез = 394.1 
Stated For a buvbojek, Wel = Wale dnb) = MLCharhas)- Thus 


hgs = 1081-64 kT lk > Tee 
LE $1.51 anel p =(P = 50. 
Now Uo LA. عا‎ hur he etticiency ўа (Fras Pes) 9, 130.13 le Pa. 


J 
м. 2 м = С-МИ = 1124,47 IT [ke > ۴ 151.07 
Stele 5 For [S \с, e'XpoMS СУ Trough Wa wore 
Pess = Се [руа =8 Ф hss $625.6) lks 
Now, wit Vo ise rec vo2zle efticiency 
EE Ves = 


OAT) 2. (\\2.4,41- 25.61) |10?мМ-м ||! < agg. 
( brs. VES ome amle] = 986-7 wis 
Now, applying 4.4.31 To a cowrrol volume enclosing The емие ewe vae 
R, = w (Vg ~Va) 
Шале. Б, is We net force осла oy We control volume . 
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PROOLEM 2.98 (Comtd.) 
The mass Clow rate is found from Үй = Qv). [a —XE 














6.314 ЕЗ ХГ | ' 
л = RI. СВ Be) ле) ы | ны. | = 3.444 wks 
б. fa (15 РАУ | LT | 1107 Ni wn 
and Wie е ms = ое Л «als 
3.444 m?l ka 
Thus ks 2. LN | leN 
F ' - 265 ———— |——|* 48.33 kN 
R= (66.18 = (488.7 Ms mls) т регу 49 














Finally , Ме, rust ts tre force developed by Ике engine „ОС 
F. : 
X" алы У a BÓ 


fo {hae left 


å - 52. 


PROBLEM 4.29% 
Conditions are known for the ramjet analyzed in Problem 9.82. 


KNOWN : 
FIND: Determine the ratio of the thrust developed Jo the mass 
flow rate of aw. 


SCHEMATIC £ GIVEN DATA: 


= 94.4 m/s 





ASSUMPTIONS: (1) The control yolume is at steady state .(z) The force Rh. 
(D is the net force acting on the control volume. 


ANALYSIS; Applying E4.1.31 


Б. = r^ (V, - ) 
ovr E. 
mrs 
= (1229 – 94,4 уй LN _ 
| ka: m[s*- 








= N 
= 534,0 kais 


The thrush is the force developed by the eng ine. Thus 
Ey eost / vn 








Finrust ~— Б = = 5 3Ч, b N 
n lol s 


VA 
to the left 
Ithe effect of the surrounding pressure on the control 


Volume boundary caucels. 
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PROBLEM 4.100 
KNowN: Air flows rough a horizontal well- insulated duct of constant 
cross- Sectional area. Data are known atthe mlet and exit. 


FIND. Determine the maguitude and direction of the net horizontal 
force exevted by the duct wall on the air. 


SCHEMATIC. È GIVEN рата: Ou n Hl Hr HH HM LH /////®) -310k 
Го چچ‎ о > 
Р,= 2.4 bar — — үй = 200 kg min 
Te 430K Ш ПНП "ann = (O kg/s 
Lei d = 0,25m Fdx 15 We force ot He duct 
wall oy e aw. 
ASSUMertows: G) The control volume is at Steady state, and Qu = Wey <O. 


(2) Poteutial energy effects are T The air behaves as an ideal qas. 


To find the force Б, We need to evaluate the velocities at 
Daud and р, . "ym 








3 
47 = ТӨН GE m Uo ae — = 0.5142 mike 
(2.4 bars) 05 м/м || 117 





А = 7с 2/4 = 0.0421 m” 


p 3 
and. — m U Q9 kols) CO.S liz w? ka) _ 50 24 wis 


A C 0.0991 m*) 


D = A, M. күй Kho e & CX Egg 2, 


or 
V, = [2 (һ,-йм)+у;* 


From Table A-22; h,= 431.43 kt/ke and h,= 370,67 EX/Es . Thus 


: 3 
V = [243143 310,61) ET | Legends еи + (оч 13 m/s2 


= 364.0 m[s 
Now, with AN, [v, = А Velo, = Mm 
_ A _ (9.0941 m= )(364,0 m/s) 


= 3 
= Riz Casa) 310) 10^ - 0.594 bar = S.4 ba 
Ра 7. (1.7912) 10 > 








Finally j Using Eg. 4-31 j PA-P,ATR =m V-V). Thus 


Ё. = Ww (NXi-V,) +СР,- Р, ) А 


lo im 


+ (0.$04 - 24) bar = (0,049 vw) 





=( (0 ES У 304.0 -104:13) qaran 


M/S 2- 





= 2 (21S № (Чо the С 
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PROOLEM 4.101 


KNOWN: Water flows at steady state through a constant- diameter 
horizontal pipe. Data are а 6 flows through the pipe. 


EIND: Defermine the magnitude and direction ef the hor izontal 
force needed to hold the pipe in Place. 


SCHEMATIC È GIVEN DATA: . 
water i 7 Fx : > A= 21и. 


10°F р-р 2-2 bu 2 
X 


ASSUMPTIONS: (1) The control volume is at steady state .(2) The water is 
modeled as incompressible , with U = Ug ә тоер : G) The area of the pipe 
is Constant . | 


ANALYSIS: Begin with the mass balance 
Vi EAT = 
2 V2 OVV 
Now, applying Eg. 9.31 
kf RA-P,A = na RV ) 


— 1 2. 
er Fe = (R-P)A = (PP GS) 
= (-2 belive) (=A) 
26283 bt Пева Fk 


This is the force ef the pipe onthe fluid , which acts to the Jef. Sthce 
the tluid force on the pipe is to the right, this 1s also the direction of 
the force required Yo “hold the pipe in place. 
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PROBLEM 4. 102 


Known: AW flows through a horizontal , well- insulated duct of varying 
cross-sectional area. Data are known at the inlet and exit. 


FIND: Determine (a) the net force exerted by the duct en the air, 
and Cb) the exergy destruction rede, 


SCHEMATIC Ê GIVEN DATA: 





Е —‏ — سو 
Р, 15 bar 11 ( Р, =۹ bar‏ 
T; = 340K ^? ту=збок‏ 
V, = 20 m/s 5 d,= Cm = 0.01 m‏ 
X *‏ 
ASSUMPTIONS: (1) The control volume is at steady state , with су Ме, 0.‏ 


(2) Potential encrgy e ects are negli ible .(3) The air is modeled as an 
ideal gas, which can readily be vérified. (ш) Fer part cb), let f= зоок 
and ? = i bar. 


ANALYSIS: Cay To find the force Fx , use Fg.9.3/ 
f + РА, ¬ P^» = ий (УУ!) С) 
Now, find V; using the energy balance for the Steady-state contro! volume 
' 40 А 2. о 
© = AC IK t т [Ch-h2) ee) Fg gra) 
where йу 2 ma € т, Thus , With date from Table 4-22 


\ = [2 Ch. -h,) + v;^ 







































= (2240.42 - 30014) #1 Leg mist a um |, "— 
= 284,4 m(s 
Next, caleulate As 
2. == 
А = а» = 7.8S59KO ул? 
and 
Ve KT 
„ (1.8#54хо- 5 w? (264.4 ms)(4 bar Jio Mw || _1 ES 
— | (зоок) 1 bar |102 Nm 
28.91 leq kK | 
= 0.2335 kals 
Further — 
A = U МО RT, : (0.2335) (S354) (340) io? |. 7 545 xı ИР 
| Vi VP (20)(15) oS | " 
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PROMLEM 9.102 
Solving (K) for Fx 
Fx = уй (У-У; ) + р. А.-рА, 
Inserting values 


=(0.2335 ka\(284.4-20)% | 
S 





IN 
{ leg: m[s? 


[83 Мм) _ 
i bar 





+(@ bar )(.85«xio т) EP 105| 


= - (007 N Б. 
T4 the left 


(p) Writing the eutropy balauce at steady stake 


O= ZIR wa (s -s 2) + Sey 


With Ed = Tot, , ond solving the entropy balance for dz, 








Ey = d YA CS,-S,) 
= тм (62—52) - 9m Pr, | 
From Table A-22 , 5° = 1.82740 7/64 К and S? = |-10203. Thus 


i 





а = (8ookY0.233s le [ B.314 2) kT}! lw . 
A G X =7) (1.70 203 - 1.82790) - Ges Ses] E we | | 
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PRObLEM 9.103 


KNOWN: Ideal gas ata — temperature. 
EIND: Determine the sonic velocity. 


ANALYSIS: Fe .9.37 9 ves the Sonic velocity. 
@) Air at bOF =520°R = (Table 4-204) 








| = | (4) ) 4. (520°е) 32:2 ele 


= /118 Hls C 


Tee‏ هېه 


(b) 0, at 400° => kK =1.365 
= | | 595 | 21382 — — 
32.2 


(с) Ar at 540°R Ф Fora топоіотіс gas, le = 5/3 . Thus 
(5/3 (2 m -) (540) | 32.2] = 10.59 fus C 


— — — — 
34 ач 








PROBLEM 9.104 


KNOWN: A — lightning is sighted, and З seconds lakr thunder 
is heard. 


EIND: Estimate how far away the Strike was. 
' (1) The aur is at 2о°с = 293K .(2) The idealgas model is 





applicable . 
ANALYSIS. From Table 4-20, k= (4. With Eq. 9.37 
_ 8.314 ЕТ пл1524 [1058 -m 
c= 10:4) E x Goa | ا‎ ГЕТ 





343 mis 
Estimating the distance d 


А = @-Ъ = (343 т[<)(2 5) = 


1024 m = 0.64 mig d 
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PROBLEM 4.105. 


KNOWN: Steam at a given state . 


EIND: Estimate the sonic velocity using data frem Table A-4 and 
Using the ideal gas model." Compare . 


ANALYSIS : Beginning with Eg. 4.36 b 
С. = (u>) SE) > jC-Cuv-*) 22.) 


Алғ}. 


where the partial derivative is estimated by using — in 
| | T= ec = Фо bar : 17= 0.04331 m3/&a 
tabular data. At 300°C, P eC Ok 


Tuterpolating Y adjaceut table columns at the Same entropy. 





T v 


и һ 5 
°С m?/kg kJ/kg kJ/kg kJ/kg - К 
E a 





р = 40 bar = 4.0 MPa 
(Ты = 250.4°C) 











Sat. 0.04978 













2602.3 | 2801.4 | 6.0701 

280 [0.055461 | 2680.0 | 2901.8 | 62568 | 5. 2492 - = 0.05445 "зг 
320 [0.06199] 2767.4 | 3015.4 | 6.4553 
360 0.06788 6.6215 

p = 80 bar = 8.0 MPa 

(T4, = 295.06°С) 
Sat. 0.02352 
320 
360 
н 526.3182; v = 0.03461 м/о 


Using these values 


м? (80 -40) bar 


оме, I: Es? | 
ka (.o2X61-.6 5445) 


C = - (0.043312) — —— 





С 


Using the function for Н.О хи Table А-2}: Cp = 2.035 a / ky -1< 
ul е) ر‎ k =1.243, Thus, assuming the ideal 
49-5 model 


C xS ERU = / (1-243) (211) le) io? | = 614.5 m(s 


The ideal gas model appearsto signi ficautly over-eshwmadte the sonic 
velocity at {hegiven state. 
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PROBLEM 4.106 


KNOWN: Carbon dioxide at | bar amd a given velocity. 


EIND: DL Mach number versus tewperature Vangrug from 250 


ASSUMPTIONS: The carbon dioxide is modeled as aw ideal Jes GS Can, 
be tel readily . 
AN AUN SIS ` Sample calerrlation for T=Z 50 К, from EG. 4.31 


= VERT 


From Table A-20,at T=250K, s 1.314, m 


8.314 ky k a.m 1oŽN-m 
|. 54] — LENM] „244. $ 
( 44.0 | kg: Ees sok) | і ЕТ wi 


Now, with М = 460 m/s 
M = Vie = 1.847 
The data for We required plot are obkuued using IT, as follows : 
























IT Code 
T=250 //K 
V 5400 з IT Results for T = 250 K 
cp = cp_T("CO2", T) Cp = 0.7944 kJ/kg:K 
cv = су Т("СО2", T) с, = 0.6054 kJ/kg:K 
k = cp/cv k = 1.312 
R = 8.314 / 44.01 c = 248.9 m/s 
c = sqrt (k * R * T * 1000) M = 1.848 
М= М/с 
PLOT: 
Mach number of carbon dioxide at 460 m/s 
2 
1.8 
1.6 
1.4 
1.2 
= 1 
0.8 
0.6 
0.4 
0.2 


200 300 400 500 600 700 800 900 1000 
T (K) 


Note trot fhe sonic veloaty increases with tenperatur. Thus, ha Mack 
number decreases, aS expected. 
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PROBLEM 9.107 


KNOWN: Ideal gas cata are known, including 7, pP, V; aud c. 


FIND: Determine the Mach number, stagnation Temperature, anc 


stag nation pressure. 











ANALYSIS: (6) T= 520°R, р=2© [ре (га T 
_Vv_ 400 _ 
M та m The = 0.805 
To find the stagnation state use data from Table А-2гЕ, 
ho = lh + ү 
2. 
= Від [2002 #152) 1 Ibs | | бих. 
12.27 Bis, (S00 TS" lez S: TTB FTE 
= 1490.44 6u/lb 
Tuterpolating in Table А-22Е ; To= 587.4 * 4 To 
Also, PCT) = 1.2147 and ФСТ) 21,8633. Thus 
pz free P = 30.68 blhan 
Рт) 
(b) О, at ?oo*R , 20 IbF lin? 
.Vv 490 . M. 
M ^ €. oe (382 EODD ا ا‎ ышы ы د‎ 0 


With cata from Table A-23E 
he = И + V^ (mol. wt.) 














2 є Bu || 
BYU Goo Ф152. | t 32.00 lb 
5 6337.9 mol =) 32.2 |b -$4/s2 cem | Ibmol 
26855.2 Blu/l wel > To =904.2°R 4 PÈ 


TO € ind Po 
© = S°CTo) - S"cr) -R (Р/р ) 
P  3°Cte) —S°ct) 53.242 -52.088 _ 
— ~ R афф = 0.276953 
SS р = 26.43 асе 
(с) Ar at 54026, 20ر‎ 61.2 
ДА. = М/с = 4900/105۹ = 0.85 M 











For {he monatomic GU, “p= oR = 2 — = 0.12't3 Blu/|b PR 
n 
Tio Т, = T+ = OSR + 900* p | l (be | { Bx 
Ф A. (.1243 OK / 1.02} 3 2--2. Ib. &[s*| 718 ft - (bf 
= 1020°R 





о 


ky 
Also еу а 
P = (48 ) р = 28.02 А? Po 
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PROGLEM 4. 108 


KNOWN: Atr flows through a duct as in Problem 93.102. 


FIND:  Defermine the values of Mach umber, stagnation pne, 
and Stag nation pressure at the inlet ane im of the duct. 


SCHEMATIC £ GIVEN DATA: TT a 


Мир ди LL = 


—> —› Fx mE 
P=15 bar Vdd Р, =۹ bar 
TT T; = 3dok (^ T,2300k 
ASSUMPTIONS : >EE SOLUTION — 72 26 m/s = 289.4 m/s 
To Problem 9.102. я 


perd Table. ^- 20; k= 1.399 in the temperature range of thes 
pro em. TAKS 











= 369.5 пк M 
M 7 Vr Ic, = 0.054 | 

amd „= (1.3498 (E (Goo) jio? | = 397.1 mis 
x =Vz/c, = 0,814 Me 





from the energy balance, the Stagnation enthalpy is the same at The inlet and exit: 
2, 2. 
he = hı+ a E п +e 


= 200.141 ا‎ 
From Table A-22 > To, = To, = 40.2k | To, , Tox. 


At the inlet, P. CT;) = 1.82740. Also, fe CT) =|. 82851. thus 


= [FCT /р, ст. | Р, = {5.005 bar — — 
Further, р СТ.) = 1.70203. Thus 


> 340,63 [ЕЗ [св 


os =| PCr) ecra] Po = 9.669 bar ae Бъ 
Visualizing these .slofes on c TS diagram 
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PROBLEM 4. 104 
Кмошм: Water vapor flows with known pressure, temperature, and 
velocity. 


IND: Using Fig.. A-8E, determine (a) the stag nation enthalpy , (b) the 
stag nafion temperature, and Cc) the Stagnation pressure. 


SCHEMATIC £ GIVEN DATA : T=600°F, p= Soo bbt/n* у= (ооо Hls 


ANALNY SIS. 
Cah = 1298 Blu/lb 








hohe у 
Sten 1M +100074 эш JE um | СТЕ 
= 1318 m 
(b) Te 2 695 °F E — 
©) p,* 600 lbt/ra* 3 WHAT T= 100°F 
Dp 1350 
3 и WV bet Trot 
Ў 298 WAAR; 77 





1.4 ls 1.6 L1 
Speci fiz entropy, Btu/ Ib- R 
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PROBLEM 4.110 


KNOWN: Conditions of steam Flowing ata particular location tn a 
passageway аме known. 


EIND- Delermine the specific enthalpy and velocity. 








Yo 
SCHEMATIC f 6IVEN DATA: Ts 
o^ Ураг ^ h, 
—— — To = 400%. Li 
— 
к ee T 
کے‎ h 
Р =3 bar 
h U7 
ANALYSIS: И, = 3268.1, 3,2 56350 k3/kg-k (Table 4-4) $ 
At р = 3bar , 5 =5, = 7.0350 => |, = 3031.5 kje P 
Thus, from ho = h+ V72 
т | 2(h,-h) 
= [2(3208.1- 303. 5) г аа. ka- m/s | JO? Nem 
LET أ‎ 
= (088.8 mis NV 
PROBLEM 4. 1] 
KNOWN * Tsetropic flow of au ideal gas with constaut specific 
heat rato. 
FINO: Develop hae relation: Т/Т = 2/ Ck «0. 
ANALYSIS: Beau Wiha ее. 4.50 
To „ k-i 
TAINA 
For MI, T=T*. Thus 
To E+ 
| چ‎ tit (ЫЫ) = 0T 
amd a 2. 
0 275 i Lal TY, 


ае 


Tt follows directly Maat 


PU ca ye 
Po e (& 
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PROBLEM 4.112 * 


KNOWN: А gasexpands isentropically through a converging nozzle from 
a. "large fank at сне Presione and temperature 
FIND: Determine the critical pressure p* and the correspond: 


И 
emperafure TX if the gas is @) air, (b) carbon ene a. 
and (cl unter vapor. 





. ASSUMPTIONS: 0) The control volume is at steady state, with dey * We, 20. 


(2) The gas expands isentropically.@) The velocity in the fank is negligible. 
(4) The gas Follows the ideal gas model. To avoid iteration, the specific heats 
are taken as constant, evaluated at 450 К. 


ANALYSIS: With assumption C4), Eg'a 4.50 and 9.51 apply. Evaluating each 
one for М =1, respectively , gives 
To _ kt 
T* А 
е, le: 

Pe = рин) A 

p" 2- 
(a) From Table A-20 ; at T» USO Ic 3 k= 43% Cair). 

T** 44.2 k 


T* p* 


p* 24.239 bar 
(b) From Table 4-205; at T-4SO К; k= (,234 (со, ) 


TÉKzU"4G OK , T* p* 


р& = 44S Бағ 
(с) Evaluating <p using the relation in Table A -zl for HO; о, = .426 £] 





kg'K 
Also C 
= 2 = 
k aR (31S 
Thus т =432.0K T* py 
рж = 4344 bar 
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PROGLEM 9.113 


known: Carbon dioxide gas discharges from a large tank through a 
converging nozzle. The initial condit (ons iA е tank and 
the prèssăre of the Surroundings are known. 


FIND: Estimate the pressure in the tank whey the flow first 
ceases to be choked, 


Po 
SCHEMATIC Ê GIVEN DATA : T T, 







2а “ 2 
Tnitially £,719.7 1и 


100 lbf/in? 


B00°R m 
| р | 
ank 


S 
ASSUMPTIONS: (1) The tank pressure changes slowly , and the control volume 
can be Considered to be at p state for short periods of Time. 
(2) The expansion can be considered isentropic at arva time .(3) The. 
— dioxide is modeled as an ideal gas with cdnstant specific 
eats. 
ANALYSIS! Under these assumptions, £g.9.5/ can be applied , with Ml 
to see if the flow Is —— ý І 
_ e-i 

where k=1.246 from Table A-20E at T >= 7607. For the initial conclthons 
in the tank, p* = 55,56 Ibtliu* This is subsfautially greater than 
the pressure in the surroundings, р, = 14.7 (be lin. 

As the pressure in Чие tank drops, the pressure «1 tha, nozzle 


exit also 5. Therefore, a plausible estimate of +he tan 
pressure sme the nozzle С S to бе choked is Obfornec whew 


P, = Р = 14.7 10610 


kl k- 
GE) = 1.80 


, 
COREEI = (14.1) CI.) = 26.46 lef ive, 


CLASES 


For tank pressures lower than this value, the exit Plame pressure 
will be 14.7 (bf (ruz, amd the nozzle flow will not be choked. 
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P ROBLEM a.u4* 


KNOWN + Steam expands isewhropically through a converging nozzle from a 
large tank. the flow is choked, and the mass Flow vate and exit plane 
pressure ave known. | | 

смо: Delevmine the nozzle diameter at locations where various pressures 
ave specified . T Pos 683 bar 


= 280°C 
SCHEMATIC È GIVEN DATA: ue 






of 
\ 
sat. liue. 


5 


ASSUMPTLOWS: (1) The control volume shown is at steady shafe with Q2 М0. 
(2) The steam expands isentropically.(3) The nozzle Is choled .(4) The. | 
velocity tn Me tauk is negligible and potentia] Energy eftects cau he ignored 


ANMN SIS’ For each cese фо be considered, P =p, = L23 bac aud T; 27, = 280%. 
thus, from Table А-4, hz, 3031.9 кз! amd S,=So = 7,8839 lisi. 
Furor, the exit velocity is found from 


V; = Jz (ho- he) CO 


| A, = "а > dz 11+ (2) 


4 


f." LS bar hs 288,6 з! у 2 OSS wks 











"ilv 22715.13 mis 


2. V Loss 3 
Жыз als) > m4) = 0.0 118€ mo 
213.13 m/s 
d= аус 0.01104 €) м? Ducem 12:49 em qd 
= TX í —J (1.5 bar) 
B= 1 bar h,= 1934.9 Grlka , V= 2.27248 mlika 


М, = S14,0 mis І Г = 0.008012 м, A= (0.510 єм | "iu 
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CHAPTER TEN 





REFRIGERATION 
AND HEAT PUMP 
SYSTEMS | 





PROBLEM 10.1 


KNOWN: Refrigerauti3dais the working fluid ina Carnot У. 
refrigeration cycle. The states of We refrigeraut entering aud 
leaving the condenser, avd the evaporator temperature 
ove. specified. 

EIND. Determine (a) the work input to the Compressor Kb) the work 
developed by the turbine , aud (с) the heat transfer to the 
refrigerant passing pner d We evaporator , ea (er wut 
mass of refrigevaut flow. Also, determine the coefficieut 


of performance. 
CHEMATI VEN TA ` 
т 
W. 
28?C =301K 
-io?C = 263K 
Ч 
= 





ASSUMPTIONS: 0) Each component is analyzed as a control volume at Steady 
stoke. (2) All processes of the working Sud are, were reversible. 

(3) The compression aud expansion are adiabatic.ct) Kinetic aud potewhal 
energy effects ave negligible. 


ANALYSIS! First, tix each of Me principal states. 
State 2 T,2298?C , sat, «por => h,= 262.50 k3lkg , $2, 2.4026. kkg 
State t T, 2-l0'C, 5,25, + X = 0.4773, h,= 236-1 kT Ika 
State 3 1, =28.° , sat. liquid => h,= 88.01 ET/keg ‚ 9g = 3302 БУЯ 
State 4 Тұ=-00°с , $4754 =< Ky = 0.2.334, hy = 84.16 єт! 

(a) For the Compress or 





es ы шыш. ttt 
(b) For He turbine | 

ES z(h ; «| = 3.85 ky ikg "—————————————— Wt Iva 
(cY For the evaporator 





in x |< el . 
dum -(h,- hy) = 151.44 kJ/kg da A 
The сое скелі of performance is: Graces ЕРА e 
katernatively ) P= Те. =642 


Ta -Tc 
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PROBLEM 10.2 


KNOWN: Refrigerant 22 is На Working fluid in a Cavnot Vapor 
refriqration yele . Data are knoum at various Yocodcens 
aud “the mass flow rate is specified. 

FIND. — ?elermie (a) the rate of heat transfer to Ha R-22 Passing 
trough He evaporator , (b) the net power лучро, aud œ) the 
бое АслемҖ of pur for mance. boa 


SCHEMATIC 4 OVEN PAA: 





Warm region 
at TH 









Evaporator 


ts ee гам 








К ЭКОН 


ASSUMPTIONS ` (1) Each component is analyzed as a control volume at 
Steady state . (2) AU processes of the working fluid aye ле коЛ reversible. 
(3) Tha” Compression nd expansion are adiabatic. U) Kinetic and рзона 
energy effects are negligible. 


ANALYSIS: First, tix each of the principal states(Table 4-7 Y. 
State2 Т, 20°С. sat. vapor => \у„= 260.19 kq 525 0.8738 (К 
State (T= 0°% 512952 < Ху=. 9289 h,= 235.97 kT/kg 
State3 T3740% sat. liquid => hz = 94.53 , 5у= 0.3429 т\к. 
State4 Ty=0°%, $4253 => Xy = 0.22086 , hy = 40.55 kT /ko 

(a\ For the evaporator 


Qin oW Ch, - M4) | 
= kg mı _ ЕГ | Ikw = > 
(3 59. | Uma | ( 235.37- 4035) z rsa z725| kW _&in 


(о) The net power input is 
ashi: © Mn 
Y^ (М-и -(h,-ha) | 
(2) lls | [ (200.79 -235.32) - сач. 53 - 49:35) J | 
= 1.002 kW Weyde 


(c) Thus, the сое слем ef performance 1S 


~ Aw _ 250 _ 6 
(> Моле ` 1.002. — — 6.83 


n 
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PROBLEM 10.3 
A Carnot Vapor refrigeration eycle 
Known reservoir temperatures. 


FIND: Determvme operatio pressures in the condenser aud evaporator 
fer (с! Refrigevaut 1344,0) propane, (с) Water, (A) retrigeraut 22, 


amd (e) AM monia as the Workit а à 
performance, rking fluid. Calculate the coefticient of 


SCHEMATIC { GIVEN) DATA : T 


Operates between 






40*F = 550° 
ASSUMPTIONS’ (1) Bach componeut A 


operates at Steady state. 2» AU processes 
are wkternallu reversible . (a) The 
e evaporator ate at 

recpectwe reser voir tewperakures, 
(4) the ——— oud eypans LON One 5 
e dab atic. 


ANAMSAñIS. The operating pressures are the saturation pressures 
at He vespectwe temperatures. 


а | Refrigeraut 13444 
(D 


Peovd = Psat @ асос = 118.49 Vet uu оа 
Pevap = Psat @ Oc = 44738 1b f/ sm —— ev 


Tema = Pout @ QO OF = 165.2 Ibtlin*g ss Pcoxd 
foveo = Psat (o qo9F = 72.6 (е Cee 


UO°F = 500°R 


Cb| Propane. 


(C) Water 
Pend = Ёлка 10°F = О.698@ ШЫ Ped 
Perap = Psat @ 40°F = 0.1217 еги алта 
(ol) Refrigevaut 22 


eima = Psat@IorF = 183.16 beha с. 

frap Psat @ 40°F = 83.278 OEE inta cs PE 
(€) Ammonia 

Fema = Fat @ 90°F = 180.713 Vbtliu® ~ kod 
[мер = Psap@® 40°F = 73.359 LOE E РЧ 
The coefficient of performance is 

G Te : 

— Ty 7 Te. 556-500 | 
Г. Refrigerant (34a has lower operating pressures than propane, Rafrigerawt 


2. Water o perotes at very low pressures amd Cannot be used to achieve 
Tempeyo pues lower Man 32°F 
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PROBLEM 10.4 


nown: Refrigeraut 134 is the working Pad, in о. Carnot vapor 
refrigeration cycle. Operating dota owe. specified. 





EIND: Determine Q) the compressor and turbine power and 
(6) the coefficient of performance, 
o 
SCHEMATIC ¢ GIVEN) DATA : 10°F 
т E 


10°F sent) 





HOSE (Cold region ) 
uo bbf/in2 


5 


UO°F 
S' (1) Each component is analy ted as a control Volume at 
steady Stufe..(2) All processes are internal 


ly reversible .(31 the Compression 
expamsionm are adiabatic .(4+) Kinetic and 


potential energy effects 
Are negligible. 
ANALYSUS *. 


First , #\х each of the principol Stakes (Table A- 1E). 
State 2 Pz= 40 Wtli* , Sat. Vapor => h U.I S еш ‚ S= 02106 | ie 
State у p, 2 40 Им s =S} => X, 20.3104 , = (04,12. Bilbo 
State З p,-1u0 bela , sat. liquid => hu 44.43 SH, 5.= 00002 Tu 
State 4 py = HO bt / sq 2S3 S Ky = 0.2514 hz Ч2.57 валь 

(бу The compressor power is 

We = Va (hash) 62.12, (109.95 — [04,1 ) SI | 

= (01.1 Gtu/min 4 We 
The turbine power is 


Wy, = (hs-h4) =(6a)C 4443 — 42.57) = (1,63 бқл 





Wt 
Cb) The evaporator heat transfer vate AS 
Qin = ™ ( h - he) = 391.6 Ghau | min 
та © = — = 6. 87 СЕЕ 
Wc- WX 
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PROBLEM 10.6 


KNOWN: Refrigevaut 134a is the working fluid in an ideal vapor- compression 
refrigaration eyele. Operating data are knoum. 


EIND:  Detevmwue (a) the compressor power ,(b) the refrigerating 
Capacity , aud C) tha cCoefficieut of performauce. 
A. 


SCHEMATIC € (AMEN DATA? 










228° S Ti 
t Li 3 Condenser 
e ә | 
$a 4 Е 


Se =j 


t7 
W Expansion 
x n valve 





ASSUMPTIONS: (1) Each component is analy ted as a Control volume at ste 
State. 21 Tha expausiow through We volue is a throttling process . АМ other 


processes ave internally reversible. (3) The compressor avd Valve operate. ~ 
adiabatically. (Ч) Kinetic aud potential energy effects are negligible. 


ANALYSIS: First, fix each of Whe principal states. 
State L T= oc sat. vapor => = 241.35 Vll, , 5, = 0.4253(3 [ka 
State 2. р = Poat @ 18% = 7.7075 bar s= S, => Double interpolahon 
in Table K-12 gives М. = 267-4 kTlkg 
state 5. T3=28°C sat. liquid 3> hg = 98.01 1514 
Silute = Throttling process => риз 08.61 5/0 
(a) The compressor power is 


TAE -W Y =(5 к \ уми " e Ikw 
We = wl ha-h) (5 ma) [eo s s | 261.4 -24].3£( ka vals | | 
= 2.212 kw = 


(b| The refrigevat ма capacity is 
б = m (hM) = (s єз ү 241.35 - 345.61) 3 | ton | 
wu 


kq [211 kT min 











= 3.62 tons Qin 
(сз The coefficieut of performance is 
E ht 2 pgs e 
М.-М, | 
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PROBLEM 10.1 


KNOWN" The eyele in Problem 10.0 ls modified by Changing the €Voporolor 
and condenser pressure . 
EIND: 


Determine for the modified cycle a) the Compressor power, 
(6) the refrigerating capacity and (с) the coefficient of 


performance. 
SCKEMATIC & Ф\УЕМ DATA : 





ASSUMPTIONS: See Example 10.2. 





ANALYSIS. First, fix each of the principal states. 
State 1 p,=te var , sat. vapor - h,= 237.97 ЕЗД S 2.2245 kxlka 
State 1 р = 4 bar ,$,z25, > h = 273.73 kTlkq 
Suie 5 p.24 bar , sat. liquid => hz = 97:56 kT [ka 
tote Ч Throttling process => by ths = 19-56 V/V 
(al The compressor power is 


We = wn (hahi) =(5 = | 


mi 


leo s \( 273.73 - 237.97) Е, [1м | 








= 1,4% kW We 
(b) The refrigerating capacity is | 
Aj, = w (i-es) -(5 K2 \(23141-44.50) z E es | 
= 3.28 tons Qin 
e) the coefficient of performance 15 
— = 3.817 


а = — Е `—Є—* 
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PROBLEM 10.8 


The data fev the — lots are obtaued using IT, as follows: (See the 
Solution to Problem (0.71 sample coluclatcens.) 


IT Code 


p1=1.6 //bar 
p3=9 //bar 
mdot = 5 // kg/min 


х1 = 1 
h1 = hsat_Px("R134A", p1, x1) 


51 = ssat_Px("R134A", p1, х1) IT Results for Pevap = 1.6, Poona = 9 bar 


52 = s1 See Problem 10.7 for sample calculation. 
p2 = p3 hı = 238 kJ/kg 
h2 = h_Ps("R134A", p2, s2) ha = 273.7 kJ/kg 
х3=0 h3 = 99.56 kJ/kg 
h3 = hsat_Px("R134A", p3, x3) h4 = 99.56 kJ/kg 
h4 = h3 ША = 2.977 kW 
Wdot = (mdot / 60) * (h2 - h1) а = 3.28 ton 
Qdotin = mdot * (h1 - h4) * (1/211) // ton In 
beta = (h1 - h4) / (h2 - h1) В = 3.874 
PLOTS. 





0.5 1 1.5 2 2.9 3 3.5 4 0.5 1 1.5 2 2.9 3 3.5 4 


Evaporator pressure (bar) Evaporator pressure (bar) 


For fived condenser pressure — 
The power requirement goes down 
oud the с acity Increases as 
evaporate pressure increases. As 
а. result, e coefLicieut of perfor 
Y^aMce. tncveases. 


For fixed evanortater pressure — 
The power requirement IA CVEASES 
amd Ил. cupro decreases. hs a. 
result , the coefLicieut of performance 
ves down. med wil 
These conclusións axe coptir-med wi 
reference Yo. the Fs dA Yam. . 





A 


0.5 1 1.5 2 2.5 3 3.5 


Evaporator pressure (bar) 


lo-& 


ES 
PROÓLEM 10.9 


KNOWN. Retriaevanti34a is the working fluid im an ideal vapor- compression 
—— cycle ‚ О rating data are known Pi To. 
refrigerating Iu IS Given. 

ENDS Determine (a) the compressor power yb) the rate of heat {гоме 
from the vefrigeraut passing through the condenser, aude) Жа. 
coefficieuwk ef performance. 


SCHEMATIC ¢ GIVEN) DATA: 


т (ЧО VH а 2. | Saf. \ ie 









valve 


`W Expansion 
L e 





ASSUMPTIONS See Example 10.1 assumptions l- H. 
ANALYSIS. First, fix each of Ме. principal states. 
State | pz (O bf. T=G°F h= 102,04 Әму, ®ү= 0.2341 P ор 
State Z р, = 190 bf у 9,75, > hi = (31.04 eto 
State 3. p,- (90 ENN sat. liquid => ha = 50:04 Bito 
State + Throttling process => hy= 4 = So. 64 Biw tb 
(a) The refrigerating capacity is used to find Wa mass Flow rate. 
Aw = м Ch hy) => m = Quin € ton 200 Bh ws 
(h,-hy) (102.84 - S604) 5 аи 
= 30.5۹ bl min 
The CONWPESSOC power is 


— _ Wo Y © min e Clu th 
Wo ^ Chaba) = (305905) SRM (13.04 ~ 102.84) E 3a5 BIR 


(b) For the condenser 
Rout = m Cha-hs) = ( 30.5%) ( 31.04-50 2459.4 Buyin — 
cc) The coeHicieut of performance is 


We 





= JOY © 
е h.-h lí Slo С 


lo- 9 


PROBLEM 10. 10% 


KNOWN: Refrigeraut 22 is the working fluid tu an ideal vapor - 
COMpress ov. refrig eration cycle : Opevating date. are known. 


END: — Dekormiue(0) the compressor power, (0) the vefrigerahng 
capacity, amd (су the coefficient of por formance. 


SCHE MATIC ¢ GIVEN DATA: 









17 
W Expansion 
À N valve 


1 
~40 °C 






| T,* 
Sak. Nag. 
à. CA), 215 m/min 





— — — — — 


ASSUMPTIONS See Example 10.1, assimphons l-4. 
AWM NSIS: First, fix each of the principal states. 
State | T, =-40 "6; Sat.vupor => h,= 233,21 3/4 ,5ر‎ 0005 аж 
Stoke р,= 4 bar, 5, =5, > И, = 281.54 kT/kg 
State 3 hg x he( 32°) = 84.4 kJ/kg 
State + Throttling process => hy = из = 4.1 LT Ik, 
О) From Table А-1, U, = 0,1052. wlka. The mass flow rate is 
3| v | 
("n _ CON. - Swim ___ 13.10 kgl mo^ 


vi 0,2052. wk, 
The Compressor power 15 


ee aa ee ka уи _ kT |_t kw _ 

№ с = М (ha м,) = (13.0 5] пача] (267,54 233.21) Еа | | J/s | : 

(b) the refrigerating capacity ic \ to 
NDS E Е k9 ал- 84.04 ) KF о 
Qa, % (hihu) = (1.1082. ) 233237 84.14) к! 








LN Imu `. 
= 51.01] tons Qin 
(c) the coefficient of performance is 
= vues Sa s e 
dime ö— — — —— 
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PROBLEM 10.11 


KNOWN: An ideal vapor- Compress (en p yele uses Ammonia 
as the working Fluid. Operahng data are Known, 


EIND: Determme a) the coef icient of performance and (b) the 
refrigerating Capacity. 


SCHEMATIC j G\VEN DATA: 






7 
X Expansion 


valve 





ASSUMPTWNS: See Example (0.{. 
ANALYSIS’: First, fry each of Но. principal states. 
State 1 T,=-20°C sat. vapor => 2 14/779 kT | ka ,S, = 5.6144 KY ka. 
Stoke 2, p,-2!?bar , $,29, => hi 21684. 5 kTlkg 
State 3 P zilbor , Sat. liguid => ha = 221.01 E Ika 
State Ч throtiling process => hy = Из = 327.01 kT (kg 





(a) The coesCicieut. of perfor mance (< 


1417.7 
_ hh hy Е 77а - 321.01 = 4.018 e 


^W ay 1689.5 ~ )Ht1.14 


(b) The refr igeratng сараси y LS 


à; = м (и Е 
і ton 
= (5 #5, \ачгала - 227.9) 8 Е law | DERE 
= 15.5 tons Qis 
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PROBLEM 10.52 


KNOWN : An ideal Vapor- Compression refrigeration vycle uses refrigerant 
18da as the working fluid. Operating data are known. 


EIND: Plot the coefficiewt of performance and the refrigerating 
capacity for a range of condenser exit tenperatures. 
c VEN DAA: 
160 ІЫ, t 


Ж! 












[[———€—————1 


Condenser 
teo ШЕ (ie: 
ا‎ =] 







F 7 
NA Expansion | 
AN | 


valve 


ASSUMPTIONS: See Example 10.1, assumptions 1-Ч. 
ANALYSIS: For û Semple calculation ,considerstate з {о be saturated 
liquid. Fixing each principal state : 
State: T,=-10°F, sat. vapor Ф h,= 100.24 elw/lb , 5. = 0.2236 Blu/lb- 
Slale2: р, = Leo Ibfliut, $, 2s, => И, = 120.48 Bhul lb 
Stale 3. fz ='60 Iblis sat. liquid Ф ly 47.65 Bha lb 
Stofe4: Throttling process => hg = hs = 47.65 Ві ГЬ 


The coef£iciewt of performance LS 
= или, 2 2.6! 
م‎ zh 
The refrigerating capacity is | 
Qiu = m (L_-hy) = G i (160.24 - 41.65) бн LM 





min 260 hl mik 
= 1.58 tons 
The data for the required plots are obtained using IT as Follows : 
IT Code h3 = h_PT("R134A", p3, T3) 
T1 2-10 //°F — 
* in? 
admo rd beta = (h1 - h4) / (h2 - h1) 
— ice Qdotin = mdot * (h1 - h4) * (1 / 200) 
— IT Results for T4 = 109.5 °F 
p1 = Psat, T('R134A", Т1) hı = 100.3 Btu/Ib 
h1 = hsat_Px("R134A", p1, x1) h = 120.5 Btu/Ib 
$1 = ssat_Px("R134A", p1, x1) h; = 47.63 Btu/lb 
52 = 51 h4 = 47.63 Btu/Ib 
p2 = p3 В = 2.608 
h2 = h_Ps("R134A", р2, s2) б. =A seen 
in 
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PROBLEM 10,12 (Cont el.) 


Pots: 


0.5 


0 
90 92 94 96 98 100 102 104 106 108 110 


T3 (°F) 


(tons) 


in 


а. 


0 
90 92 94 96 98 100 102 104 106 108 110 


Тз (°F) 


As T, decreases (move subcooliig) poiut 4 on the T-s diagram 
Moves 1o Malet, ги creasing He chavee in Specific ewel ay 
across fhe evapmroter. For const macs How rote, the 
тан сафоли increases accordingly. Also, since the 

essor power is constant , the coelhicteaut of per for mance 
(© ү еке OA с$уфосод\хд in eases. 


10-13 


PROBLEM 10,13 


The data {оү the гедилгед 


Solution to 


Problem 10. и 


(лл ле 


IT Code 


T12-20 //*C 
p3212 //bar 
mdot = 3  //kg/min 





х1 = 1 

p1 = Рѕаі Т("Аттопіа", Т1) 

h1 = hsat_Px("Ammonia", p1, x1) 
51 = ssat Px('Ammonia", p1, x1) 
52 = 51 

p2 = p3 

52 = s_PT("Ammonia", p2, T2) 
h2 = h_PT("Ammonia", p2, Т2) 


x3=0 
h3 = hsat. Px('Ammonia", p3, x3) 
h4 = h3 
PLOTS ` 
6 
5 
4 
— 
2 
1 
0 ' 
-40 -35 -30 -25 -20 -15 -10 


Evaporator temperature (°C) 


ln this case, the condenser pressure 


unchoauaed ad evaporator +e moerabure 
evenorator — decreases, Yre oh 
evaporator decreases o$ T, goes deum. АссоудхА 

Ower is 


Fur: wove, the COM) fessor 


LENG. goes Демги, Whi 
in coefhicieuk ok performance 5 


pe 


oun on 


lots ave obtuined using IT, as follows: (See the 


ple calculation .) 


beta = (h1 - h4) / (h2 -h1) 
Qdotin = mdot * (h1 - h4) * (1/211) //tons 


[T Results for Tevap = -20 °C 


hy = 1418 kJ/kg 
һ› = 1689 kJ/kg 
hs = 327 kJ/kg 
hy = 327 kJ/kg 
B = 4.019 


а = 15.51 tons 


(tons) 


-35 -30 -25 -20 


Evaporator temperature (°C) 


15 constaut, Thus, haha Yo MAS 
Chauses. Since h, decreases as 

in specifically across the 
qty, the Ca асн decreases , 
an tha еу 


ream orator 
соул Илес фо the dramatic decrease 


the дарь. 


-15 -10 
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PROBLEM 10.14 


The data fer the r requ wed p lots are obtained using the IT code gw 
tu fhe solution of Problem 10.13, ln Mis Case, Hi variable +o eae: 


15 Ps, the condenser pressure . 
PLOTS. à 


5 


8 9 10 11 12 13 14 15 16 


Condenser pressure (bar) 


(tons) 


— 


8 9 10 11 12 13 14 15 16 


Condenser pressure (bar) 


Tn Hus case with the evaporator pressuve constent aud Ma COMPTESSOT 

ilet sate fixed , yhe at eA h, is consteut. As condenser” 

Е us i ctexsed. S 4 on the T diag rom "ove. fo ha ria, 
decreas(h p &XAvoss lo. ем —— the лы Clow 

fixe me с é&c(ea ces accords 50 ressor power 

(woreases , E in the Aa mod ric te ease Yn Co Aidad © 

performamee. . 
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PROBLEM 10.15 


KNOWN: The ideal vapor- compre ssion refrigeration cycle of Problem 10.7 
is modified to have a compressor efficiency of Ooo[s and 
subcooled liquid exiting the condenser. 


EIND: Answer the same questions as im Problem 10.1 awel determine 
Ca) the rates of exergy destruction in 4ha COmmessor and valve. 


MATIC £ GIVEN DATA: 








VA7 
W Expansion 
Уу 


valve 


Evaporator 


5 1 
ASSUMPTIONS. See Example 103, lg J| 5ай. мар, 
Assumptions l-4. A\so, let To = 301 К. a 


ANALYSIS: From tha Solution of Problem 10-1, И, = 237.47 „16, 3,202245 kIlkgk 
and has 7 273-73 ky/ks . Using The compressor efficiency 


= ^a -hi -h = 
Ne ao => ha hie hesen) = 262.67 kI/kg , $, 204516 kSlkgK 
Stated Р, =I Баг , وا‎ = 32° => Subcooled liquid ; ha he (32°) = 44.39 к/к, 
8,2 S4(32%C) = .3440 а-к 





Stote ц Throttling process => hq = hs = 94.39 19/68 
aud, X47. 31038 5 s 42 0.37198 kTlkg K 
(0) The compressor power is 


We h (hgh) =(5 =a | heel 28 eomm кы. = 3,725 kWa We 


(b) The rekrigerating capacity 15 


Qu = (и-и) «(s ka X 237.97- 14.34 * | ton 


au km | = 3402. donsa Ф 





(C) The coetticiewt of performance is 


= hohy = 3,212 e 
di uno 


| — 
(d) For the compressor: О = [+ m (5,-Sz) + Tromp . Tua 
(Ea comp = To W(s,-S,) 











у 2 | ' 
= (sevk)(5 22.) (4816-4238) E we цы. |= 0.105 йн 


For the yalve , similarly | 
(Е) аме = To Сое = To m (s,- S5) = 0.516 kW | (84) valve 
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K 
PROBLEM то, го 


known: The ideal vapor- Compression refrigeration cycle of Problem 10,4 
is modified to have & — efficiency of €3 о and 
subcooled liquid exiting the condenser. 

FIND: Answer the same questions as v Prob. (0.4 ond determine | 
(d) the exergy destruction vates in the compressor aud expansion vale, 

SCHEMATIC 4 GIVEN) DATA: 






F 
^t ansion 
DN X pans 





ASSUMPTIONS: See Example ind 3 ر‎ assUnp e = 
tions I-4, ex cept Иг. А. Mso, Let T= MTM 
ANALYSIS} Firet , £Xy each of the (repe states. 


From the solution of Prob. 04 ; h= (0284 BE e „олуд ВН amd 
к = (BLOY Blu/lb . Using the Compressoretticien 

n pe > ale =<" = (36,80 Bhi , з „= 0.24&| В oe 
c 

State 5 p. = 180 x , T3=100°F => Subceoled. lig. ; lh y= hg (i0 F) = 44,23 Blu/lb 
3 = 3,((09 *F.) = 0,0848 BHu/ lb. R 

tue + hy=hs= 4.3 A سه‎ Say = 0.014 —R 
(a) The Mass flow rate \5 | 
- Ain ___C Btens) — (2ooBulwA|. 21. о Ib/. 
m h,-hy ~ (102 44— TEES \ ton | > Anin 


Oud the Compressor power Ks 


ТИКО tb go mu 2 7 ^ 
үл (hh) =( 21.30 RA оты (36.80 (02.44) | sus Вік | 








= 41.19 hp : 
(b) Quy = W(h hs) = 2521.2. Blu/min Qout 
hi7 ba 
Oe ал EQUIS decere е 
e h2- \ — 
(d) d the ا‎ © - 214)" tmCs,-5,) + Tromp ` thus 
(Bal comp = To Sume = Т № Cs,- 5.) 


= (550°) (2130 \ (2481 - 2341) EE = 3S, 14 Blu/min q (ба) comp 
Sim ilarly, for the valve 


(Ea) valvo = To C value = Te MCSy-$3) = (136.10 Blu/wiu ш (54) valve 


10-171 


PROBLEM 10.17 


known: A vapor- Compression cefrigeratiou system circalates RI34 witha 
e "oun mass flow rate. Data are ауел at varous 
and {ha compressor effiruiency ts Spe ufred. 
Find: 


locaf ious 


Deternune (a) the coe fh uent of per for nena Co) the. 
“Ce friqeratin 4 серо cit, (©) the rates of exerg 
м^ the Со ог and valve, 

exer 


dostructian 
Cd) thse. changes v spe cfc c. flour 


4 T Atte qeran Ñ passing thrush fe evenere. jy and 
—— | 


SCKEMATIC д GIVEN DATA: 





ASSUMPTIONS: Same as I4 Exam ple 10.3 assumptions f- 4 ر‎ except N. = ‘61 
Also, let To= 244 K. 


ANALYSIS: First, fix each of the principal states. 


Stole ( T,2~10°C, f, «1.4 bar = h,=243.40 kT/kg, s, 2.3606 kT/kg:K 
State 2. For isentropic compression , p, * 1 bar , 5,2 5, d» hes 
Using Иле — efficiency , 


Wer pei 2 t 4< huh (ashu) = 295.13 KIlkg 


Sz. = 1.0135 kJ3/tka:k 
514403 P37 1 bar I2 е т hs = hea au 7 82.90 IS ка , $4,* .5113 € 3( КаК 


Stake 4 Throttling procece => „=з = 82.20 1/64, Sy = .330u Kf kak 
(a) The coefficient of performance IS 
_ М-М _ e 
е Өй ha- h, = 3.10 | 
(b) The refrigerating capacity is 


Qin = yn (М, ~\y) 
= (6 = = - ) (242 «o - 82 a0) ЄЗ 


(CY Tor the compressor : © = 219) + KM 52) t Tromp . Thus, t^e nate of exergy 
ethuction 4 ec ) 


ы To — = To (S47 3;) 


-(aau k)(6 <4 A pte | (1.0135 - 4606) [на | 
21.55 kw 


= 278.06 КЎ 
ko 





= 4.504 tons Qu, 


— À 








Chee 
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PROBLEM 10.7 (Cont'd) 


Similarly , for the valve 
(Ed) valve = Tom (54-23) 
= (244 kK) (6) |d| «3301 - -зиз ) = ©5830 ЕМ _(Ea) vate 


A) the change tn specific Flew exergy for vefriqcrant Sin 
чоок ha e моротодег کا‎ Сч 


(egi- ec) = Ch,-hy) -TeCS,-S«) 
= (243.40 - 8240) -(294)( 4006 - 3311) 


O 


— 
er 


— 24.86 КУГЕ (esi - eg) 
For the condenser 


(&; - e£2) + (h 37 hz)-Te (s3- S2) = — 5.78. “т/а 


| . Although there ts heat tansfer to he refrigerant passing 
Mrough We evaporator, the specific flew exersy ` decreases. 
This cau, be exp luted bu noting that the Stake. of the working fluid 
moves closer to the dead) shite as it is heated at a tempovaturre 
below To. | 


@‹з-еєг) 
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PROBLEM 10.18* 


KNOWN: A vapor- compress lon refrigeration stem uses ammonia 
as the working fluid. Data are known at various 
locations and H2 heat transfer rate from the working 


Fluid passing through the condenser is specified. 


EIND: Determime the Compressor power amd (b) tha coefficient 
ot performance. 





ASSUMPTIONS : Same as In Example 10.3, 
AaSSUmprions l-4 except the Compressor 
efficiency is not specitied. 
ANALYSIS: First, fix each of the principal States. 
State (| P,*3o beim, Т,=10°Е => hy = 007.07 Bla (lb , Si = 34 1% Btu (Р. 
State 2. Py ~ 200 be, T =300°E => hu = 163.14 Bin /lb / $4. =|. 3714 Blu /(Ь°@. 
State. 3 P, too lb tiu, T= (00°F => hz? Ме @оо°ск = (55.05 Stu (tb 
State 4 Ф, =30 Ibe fins » ThrotHing Qrocess => hy T (SS. 0S Btu / (b 


(&) The compressor power is 
W, = Y^ (hah) 


Evaluating m, м 
\ ; 0l Gout |. (50,000 Bru /h ) 
Qout = Yn (биз) > m = (naha) "(wi —155.05 Y Bial lb 


€2,l4 lb / V 


lb _ Beal th 
(gu e) (163.14 760101) беса 


We = m (W.- M.) 


4.73 ho p E —À 
(b) The coefficient of performance ^5 


o 


б = mom БОМ -———— — "P. 2 
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PROBLEM 10.13 


KNowN: for a Va por - Compan $$ Ол refrigerahon сусе, the naihi mom and 
maximum allowed геу iq ere how ра гиме are | and lo bar, e a s 
The coid and warm ге г ол te mperature s are also рее Те. 

END: Амоа several Сал дода uU» oc ler ng fluids, deternune which. lifan) 
can ke vced fw this зе, 

SCHEMATIC GIVEN DATA: ASSUMPTIONS: 


1. Tha refrigerahm cycle 
adheres to tha modek 


Rat (TH) presen ted fo the Ver - 


(Frond ray = 10 bar 










T Cevet дА cycle Lan 
THs 30°C — 
Rat (Te) 
Tc? O°C 
(Pevap uc z i bor 
E 
ANALYSIS: 


For heat trans fv to the working fluid Passing through the 
€ V eyo e tor from tha cold — ر‎ Une most have 


| bar = Ro = RC) 
For heat Маис frum the wur King flurd 


+o مط‎ Warm ne veg ue vett Ма иа 


ра Ssing Hough the Conde ngr 


Prat (Tr) < Fong < 100 


working Fluid; table | Ра (09с) | fat(30°C | Feasible 
R22 A-7 44$ bar | 12 4A3 bar | No = Psat (30°C) too high 
К!З4а. A-id 243 7.7 yso 

Ammonia. A-\3 4.3 11-9 No - Prat(30%) Tolush 
Propane A-\G 4.74 | wg № - Prat (30%) ho Wish 
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PROBLEM 10.20 


KNOWN:  Avogor- compressie refrigeration cle. is used to man fain 
Ap region at Tem ra tle Te. Refrigeraut condthons are 
gıvenat various points , The refrigerating Copacity 15 Specified. 


EIND; Plot refrigerant mass flow vale , coefficient of performance avcl 
refigenatin efficiency versus 0. range OF Tc. yates amd for 


the refrigerauts (al) R13B4a Cb) Propane , сс) R22, (4) ammonia. 


\/Expansion 
valve 


Compresso 





-S 
ASSUMPTIONS: See Example 10.2 except n= 80%, meee € 


. The procedure is the same for each refrigerant . The priincipa | 
mer are Cu ed as follows * 


State t: T= Te- 15 , Sat. vapor j hg amd $4 at T, 
Stake 2: Using Tz , determine р, =р, = n Then, will, р, and 525, 


ceder ue has. When using the super heut er tolte , double 
inter polation is likely. Next, us hi do qet hz ; 


hy = h + Chas -h Ne 

Hate 3: Tz =95 °F. hg =he@qser - 
Stole 4 - Thrott ling process: hyh 
To деҳ +he refrigerant macs How rate 


D Qin 
"m М.-К 
The coefficieut ef perfor mance 15 
-= ha-h, 
Е ви 
М | E Wate 
Е nally 2 Cannot 540 M Te (9€) 
and 
^ ret ^ ИР 
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PROBLEM 10.20 CCm#'d. ) 


(7) The data for the required plots are ololeaued. us 
The. code for otter А 


is the code fer 
IT Code 


T1=TC-15 //?F 
eta c - 0.8 

ТЗ = 95 //?F 
Qdotin = 1 // оп 
ТС = -25 //°F 
ТН = 80 //°F 


OYN MON ИД. , 


1 
Psat T('Ammonia", T1) 
hsat_Px("Ammonia", p1, x1) 
51 = ssat Px('Ammonia", p1, x1) 
525 = 51 
p2 = p3 
s2s = s PT('Ammonia", p2, T2s) 
h2s = h_PT("Ammonia", p2, T2s) 
h2 = h1 + (h2s - h1) / eta. c 
p3 = Psat T('Ammonia", T3) 
x3 =0 
h3 = hsat_Px("Ammonia", p3, x3) 
h4 = h3 
PLOTS. 
5 


x1 
p1 
h1 





са 
£ 
а 
E 
— R134a 
— R22 
—*— Ammonia 
-30 -20 -10 0 10 20 30 40 50 
To (°F) 
= 


— R134a 
— R22 
—*— Ammonia 





10 50 


Tc (°F) 


-30 -20 -10 0 20 30 40 


iT as follows. Shown here 
is similar. 


mdot = (Qdotin * 200) / (h1 - h4) 

beta = (h1 - h4) / (h2 - h1) 

betacarnot = (TC + 460) / ((TH + 460) - (TC + 460)) 
eff = beta / betacarnot 


IT Results for Ammonia Tc = -25°F 


hı = 597 Btu/Ib 

h2 = 847.8 Btu/Ib 
hos = 797.7 Btu/lb 
ha = 149.1 Btu/lb 
h4 = 149.1 Btu/lb 





| Beamot = = 4.143 


т = 0.4465 Ib/min 





В = 1.785 
Nret = 0.431 
о 
4 - 
3 
e 
2 
— R134a 
د‎ R22 
1 —*— Ammonia 
0 
-30 -20 -10 0 10 20 30 40 50 
Тс (°F) 


L. The version of IT valable — 
privtings of the 4th editiran does 
include. property routines for the 
propane tables. Thus propane is 
not shown on these plo 
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PROBLEM TET ul 


kNown: Ammonia — is the working fluid in a vapor- compression 
refrigeration system. Data ave known at various locations 
aud the refrigerating capacity is given. 

Fine: Deoherminec@) the mass flow rate of refrigerant , Ф) the 
compressor power , (c) the coefficiewt of performance, and 
(d) the isentropic compressor efficiency . 


CHEMATIC VEN) DATA’ 





ASSUMPTIONS: See Example 10.3, 
assumptions l-4 , except the Compressor 
efficiency is unknown. 


ANALYSIS: First, fix each of the principal states. 
State | Ty = °C , sobvapor => h,= (915.06 EY/ko | 5, 7 S.64S71 kS(kqK 
State2 р = bor, T, = (60°C 2» hyp ENEAS ES / tg 
State 3 e l(o bor, sat. liquid =) ha = 216.40 LT t9 
State y Throttling Process => hy hs 310.46 kT (kg 
(a) The mass flow vate is determined using the refrigerating capacity 
Q i^ = WM (hhg) 
— t _ (i50 kw k. 
= — - m | (aise лауы | US = 0.1444 Ж o “M 








Cb) the compressor power is | 
, - 2 (1798 us - «ts 0g) = SEW y 
W.= Yn Ch DU) = (0.1444 $ ) (i 4 * д (ЕЙ, 255,5 | We 


(c) The coefficient of performance is 
ш Qin _ S0 kW  _ 
б We 55.30 ew = AU 
(d) For iseutropic compression , Paz [о bor ې‎ 825° 5, => hi, = 1155,58 kIAg 


Thus, the isentropic efficiency is | 
Was hi (155.3% —| 
Y - 2.5 = ы uS, og ae © 
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PROBLEM 10.22. 


known: RIB4a is the working fluid in a vapor - compression refrigeration 
System having a water cooled Condenser. The capac: ty о known and 
dhe compression process û described b ру °'= constant. 

FIND: Deternune (a) tre mars fow sate RI34 0, (b) power гири 

and Woot trans fe Reto. for thea Cove ес, cc) coe[f c ent 

per fovmants , Cd) Cooline water Wass flew rate , Се) rates 

сех Фос ос оу w ths Conde ngpa- and L p a na ہت‎ valve, eack- 

er passed ао a percentage A th. power ch pot. 







cooling water 
SCHEMATIC $ GIVEN DATA: 59 30°C 
Py = 11.6 bay 
ту 44°C 
3 


7 
N4 Expansion | 
/ N a valve | 









ASSUMPTLONS: (1) Each component is analyzed as о. control volume at steady 
stale .(21 The compression Ls polytrepic Wit n=l C3) The expansion through 
Mmevalve is а, Ton po C+) Heat trausfer from phe outside of the 
condeuser Cam be negle ted. (Б) kinetic and potentiel energy effects ave 
negligible, w) Let то = 3K. 
ANAN SIS: First, fix ea of Me principal states. 
State | реч bar, T= 15% => hy=25615 EL , э. > 2296 Kg KK 
| ^J * 0.05258 m?/ les 
Stole L For tne go epic process, Pa =\Zz bar and 
Ua = (&\*' r = 0.017112 m?/kو‎ 
T 
From Table k-12 5 ha = 231.23 kT/leg ر‎ 3.2 454) kT/kg-K 
State 3 T,=44°C, compressed Liquid => h.n МС 44°C) 2112.22. kT/kg 
532 Se CHOC) = 06.4054 kT/kq' K 
State it Throttling process => hy zh. = 12.22 kT keg 
Equation 6.55 is used to determime the compressor work in pu^ 
2- 
We - L- (MM 
ve = | de = Gar) porno 


| 5 
(ESL as bar con 22 2) (4) (052 58 ) Трыа) 


М 


1 kT | 








[bar jlo Nem 
= 235.4 2207/6 
The mass flow rate is found using the refrigerating capacity 
: Qin (16. tons) LU V3/ww IIL mi 
А m = = ыыы ыгы اا‎ , 
hohy Geaa] Yom m “| 0.24 V kg/s که‎ 
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PROBLEM 10.22 (Cewld.) 


Thus , the compressor power input ua 


Wa = vin ( №) = (0.244 ka |) 23.4372 eub sem kW 


The heat transfer rate is 


a We 
Qe, P -Wev + үл (hz -h,) 
= = 5.047 + (.241) ( 261.33-258.15) =-0.0000 Ы & 
The coefficient of performance US 


6 = = =a NE. T Cio tons) 


ам kw | m wa А | kw 
( 5.647 kw) | ЕТА bo 5 lli кт/5 


0.127 a ё 





Evalu aking Mew From OM QA ема balauce 
О = m ( ha-ha) + Mew (Wu. w T ف‎ 
- 'М,-Мз 261.33 - 112.22. 
Mew = vn EL «(oe = ——————— 
Mores 7 ewm Mow 


1239 - $3.46 
= 0.9743 kals 
= We). 


олла се hew 


4 — — 


TW nals) exergy Чаго мом can be found using Eds To Tey 
ө For the condenser 


| پر‎ © 
o= Af + м (s,-5,) tos ) 5 Sic oak) + Cons 
Esaa, = 8 Too cond 7 Ы С55-5,) tcu CS Cu, out 


ud 
(293K) [o.24 | у 2 


2 co. 4054 - 04341) E 


T 


+ (.1143( .4364 - .2966 К TESTA 
27110 kW 


Expressed ac a paren d ш Compa ssor power ر‎ “b> (ELE ) оо) « 45 a 
e For thes valve. 
(Ea\uawee Tow (54-53). Te find Sy) чел hy йр wita date fran 
Tae A-tl at 4 har: x 


42 U2 22 62 . 6.2634 SD 54 20,2399 4 0.2639(0.9/4S ¬ 
(90.732. 
Twas 


0.2344) = 0.4179 FI I. 
(Єл, = QI) 0-241 ) (0.4 144 - о.чохЧч)= O.Sg IK W 


e) 
о fo = (2Ê = 16 PR 
‘NF 
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ж 
PROBLEM 10,23 


KNOWN: A vapor- compression refrigeration system Uses Propane 
as the Working fluid. Data ave known at Various 
locations aud te refrigerating capacity is given» “the 
coudeyser 15 water- cooled. 


FIND: Determine (ay the compressor power ,(b) the mass flow rate of 
condenser cooling water, ancl ce) the coefficient of 
performance, 


TIC f GIVEN DATA: 
ISO Wut. yap og 


cooling water 
GS°F gor 












Tas 9S °F Ке = J 
3 Condenser 2 
95 4 | | e we]! | mz tto^F 
Qe Btu ct: 1 . 
سے‎ A иә 7 | | We 
O°F Y 3,5 lb P ccu | Compressor — 


Assume tions: a) each — ent is analy zed А 

as д СоуйтоЇ volume af steady state .(2) There are мор. 
по pressure drops through te heat exchangers, у o*c 
(3) Expamsion uh abe valve is a Hrrottling 

process. (Ч) Kinetic and potential energy effects 

ave negligible . C5) Heat transfer from the 

outside of the condenser can be neglected. 


ANALYSIS. First, fix each of the principal states (Tables А-16Ё Jo A~i8é), 
Stake | T, -0^ FE ,sat.vapoc X» h,= 193.7. Bulb, s, 2 0.422 Blu lo^ 
State 2, р, = (80 tbt/in® , T,/31to?F c ha= 2.29.8 Btwtb,s,- 0.431 Blu/ib-R 
State 3 P37 (80 lbt/iW: , T, =8S°F => compressed liquid j h37 he ( 35°F) 


Stole 4 Thrott hng process = hy =h3= 19,41 Bhul lb = 714.41 Btu/lb 
(4) Evaluating the refrigerant mass flow rate 
m = Te = — Stons _ 200 Buf min _ T 
(h,- hy ( 143,7. ~ 14.41 уві | ton > 9.97. — 


TMS We = WH С (ав) + Cot R3 (E s) (365) + (229.8 - 3.2] pz 
= 3316 Puma Ñ We 
Cb) Avn energy balauce ow We condenser owes with haus heCT) 
` : h -h 214,9 — 244 | 
Yn, = M 2 = NO fee to > 
mE anm) — | 40.00 ¬ 33 .0q | 81.3 min س‎ 


©) The coefficieut of pevfor mance is 


b= Qin - S tons І 200 bluf WLUW - 2۹6 6 
We 337.0 Фел 1 ton 
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PROBLEM 10,24 


Pata are known at various locations іц a Vapor—Compression. 

refrigerahon eade. The refrigerati hg capacity zs (ooo Bhull. 

Detevmine the elaporaler- and condenser pressures, mass flow rate. 

of refriqeraut , compressor power input , aud coefficient of 
rformance for (a) Refrigerant 134qand Cb) propane 

as the working fluid . | 












^b LS S£. ША ys 
T3790F [5S 
(c? 0.8 
— | | c 
A e Pe 
| 
4 1 
T= 0° fF 


Qi = 1000 Btu/h 





змепом5: See Example (0.3, assumptions l-4. 






First, fix each principal stole. 

State 1: 7 = fset @ -/O°F = 16.6074 I bf lA n Fevay (A) 
Interpolating in Table А-12Е at T, =0°F Ф h = 102.2 в ‚ 5,2 2.2281 Bh Ilf 
State 2: р, foa ф soc = 128.62 (Ым? Pema Cb) 


hs 121.01 Bulb 


W.- М + acs Е = [25.7 Gu lb 


c 
State 3: he hg CTs) = 40.12, Bhu/ib 
State 4: throttling Process 37 Nz 2 h4 = 40.12 8Yu/lb 





(bi [Propane — 
dade ! р, = рафо -loop = 319 Ib ta _ _____Fevap Cb) 
® Double interpolation in Talde. A-18£ gives; h, = 194.2 Otu/lb, $, = 0,4331 Вр 

State 2 Prape qgoe™ 170.9 ТЫА g eC) 


For isentropic COTWpre 5S Le. 5,,®5,=0453 3p ha, = 250.61 bh. 
Using The compressor eH iciency 


_ hes hy — 
Mee T m hah nar =239.1 


State 3 hae hc (40°F) = 717.14 Bhuslb 
State 4 th rott ling process => ha = А» = 77.74 Б“ /( 
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PROBLEM 10.24 (Covl'd.) 


























Mass flow cate 
The ret iaoraking capacity is used Чо find the mass flow rate. 
" ОА (1000 btu/h ) ih 
£-:34a ` =F = nas 
7^4. (102.2- 40712) Oju/lb | со min „ 
| m Co) 
€ бл. a eme 
Si Y oer ME = Е Y 
milarly , for propane j Propane 0:142 lblmin q _¥a(b) 
Lo AQ ESS OWE LAQU 
Foc Retrigeraut (240. 
МЇ, = УУ (4 - V) = (0.2 iz 125.7 - 02.2) 8. | somn عا‎ 
* \b th 2545 Bik . 
@ = 0.150 hp _ We) 
Sim arta ‚ For propane ; W, = o. Sa Мес) 
Сое селі of performance. 
2 MELLE 102.2. - 40,12 
V -1342, hashi * 1257- 10: 102.2. - A.6À — 0 
Similarly , for осораме ; Ppropave ` 564 O +0») 


г. bote that the propane cle operates at higher pressures Малл Идо. £-134«. 
cycle, 
2.. The propane cycle has a muck lower mass How rade than He R- 1342. 


cle. Uswever, ha power and Coefficiads of performance are nearly 
same for tha two working Cluids inthis case. 
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PROBLEM 10.25 
known: Steady-state opera hng data are provided fr a Vapor- Compress ion 
Air tondi Келам system. 
ENO: Detvrnune (а) +h» power Мал vine d. b¢ T^» Corpu ss or) Cb) the coe fhuet 
of performance , Ct) the nates " exergy des fruch’o ui th» CO naps 5307 
and valve, and therAotes of exer deslvoch o and exer trans fe 
Acco eo heat transh fer a contol vol umes tnctesing (d) tre 
e v ever oti and a eerte > fhe Ceo | ad did ) (e) +s conde nçer and c port on 
of tha Surroundings 


SCHEMATIC © GIVEN DATA: ASSUMPTIONS: 
MET LU The contol volumes Shoum wi tro 
Scheamah'c олда at Steady Stake. 


2. Knehc and 46A do e ry chen 

are кеуш Ме as аге possure 8 

Chan for fow tevoush pe 

€ V& per ator and eond e A Şer. | 

The y pansion across the valve v 

o otin; process: 

4 Thare i Ho stray heat trans tr fr 
ary contol volume. 


= $ 72 55026. 











3 2 l 
Saturated рә = рз = 160 Ibf/in.? 


liquid 





w 


ил 20.15 № 





Y Expansion 


Compressor 
EX valve р 





Saturated vapor 
T, = 40°F 


А А_ 515. For ths prin apod tC 59 essenhas (ерек dato Can le 
obtained feo tre tables fe Ё134о, 
State TIF) © eC tof /in?) h (8/6) 5 (Bty/-°R ) 


| 40 44:7 | 07.34 0.2184 (Table ^-10&) 
2 x IGO 120.33 0.2239 
3 - IGO 446s 0.0958 (Tota A-1606) 
4 - 44.7 4465 о. 0444 





Using 5252 S, and inter nolo tam 4 м^. Table А-2 Е q wes has= 114.7% wb . Then, 

Using tre (Sea heoa er ne И = и + ( hes-h, ) = 102.34 + (itt FY - (07.34) = 120.33 
те о-% Bry lb. 

Тере, تہ ہہ‎ Tots А-126 than qalda S2= 0:123% Bh//6- | 


Sinca hysths , yy > 425-2405. 0.2832 ® 50- 0.08224 02432(v 21 83— — 
53-34 0.022) = E a 
“Ru 


сь) An energy pot. balance fo the comprsssor 410-1 the Compass pow род : 
= Ca 
We = w (hy by) = (0151p) (120.33- 102-35) Ri = 1-94 Bh ) 


() The сое аи ent ^ pof formannen © 
VE (A - y). (o. 19)C 192-34 - 4765) Bhys 8.46815 _ 4.62 сь) 





x Rin = 
- — — — — . 94 215 
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PROBLEM 10.25 (Condd-) 
z evaluate ема сөл destruchon nates Wwe use Ез = p MM 
kg e y Pai ic P^doctie обй ned (rec ar € repe 
cc) For v computor 
(Ea cowa p = Тк ( S2-s,)< (sso^g (0-15 t 0.2234 — 0.2189) Zhe — 0.371 Bh- 
S 


[c م‎ valve 
Ea ave - Tom (Sy-53) = 1550. н) о. 049%- 0.0196) = о — 
-S 


Ci) Fw acontel volume enco sins Ho € Vopr edo 
Li LT An еи Борч ^ X balan neado 


0= Qin 
— 


Jas тосоо w 


им (sq-S,)4 Fev 





= (Ex) evap = To ае: aw (S, -4 | P вво" | - sa " рее 
0.0944 
= 0.382 Bh- - id 
S 


The branched, arg ctn queens lu over i 
(D Eq> [i- Je 10 Те Jen: ['- (24e) = - o. sig Bu. The Ax erga алеф 
А — te Tw. direcho Q Hu heat tansy раша haat оц фе occurs 4% Te< T. 


(e) Farr a combo! volume enclosing Haa cCondenter, as ио wn Ww 
ماګ‎ Sobre, Qu en thoy Nato loc-La nc. Лола 





Ое ~ سوك‎ Lu (i) ee 
(и-и) = 0.15(120.33-- 47.65) 


CEs) coro - To Gout — ہما‎ (55-3) ] z sso | ES +0. iv (o. 049 8-0. 2239) | 





= 10.9 @4& [5 


=~ 0.37 3 B: 


“Tha hans hy 1 ex ny «ескере Къ transty vo 


4" {\- haat = ©, Sin ca 70=7Н. 





|. The tra evalua uns Chee Summarised, e follows. 


e Rateof €x oro in: e Disposchion of tho e 0A: 
Б aue Lag gi pecudes cool region о.51ж Gs (26-6% ) 
ip = T raus fy Tp waru (eM лл. о 
= Deslvvc Honc 0-311 “ (азо) 
ae 0.397 “ SBA) 
eva oro. tn 0-382 * (8.0) 
condenser 0.373 ^" (19.2%) 


1.4% Выс 
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PROBLEM 10. 26 





A refrigeration sy Shem produces chilled water th a {lash chamber 


maintained at a vacuum by e steam ejector. Data are known 
ak various locations. 





Determine the make-up water and Cooling water flow rates. 





SCHEMATIC Ê GAVEN DATA: Saturated vapor uy 
at 200 kPa 
| Vacuum 
Ejector nozzle pump و‎ 
l Steam jet 
we 0 PT ر‎ 
Make-up —— 
water 
at 15°С i 
6 1T x vapor dL ~ 





AsSUMeTLONS · (1) Fach Component ts 
analytedas a coutrol volume at 
Steady Stake. (Z2) The pump worle ts 
neglig ible .(3) Kinetic aud potential 
energy effects are ме ligible at the 
numbered locatous.c4) There are 
no stray heat transfers with He 
Surround мде. 25,000 $ 
kg/h 


5E E. Condenser 


3 






Cooling 
water in 
at 15°C 


Condensate 
return 
to drain 
U [> 
25°С 


ANMNSIS. First, fix each ef the principal states. 


ale | Sat. vapor, 200kfa > bh, = 2106.7 (стік 
Stale 2 sat. liguid, 5с > h,= 20.78 klka 
State 3 hg = hie MP ma eh 


State # бүл =192 fons = 1.798x 0% lel f 





hu = hs + Qlocd/ nn = 20.98 + (1-198x10°/25, осо) =4 24 суң 
State S. Te =(5°C j he hp (Ts) = 62.99 17165 
State € sat.rraper, Sc => ho = 2510.6 kT lle 
Slate sat.vaper, 4 kfa => һу = 2554.4 Tl kg 
Sete © sat. quid, Ц kPa => hg =121.46 (14 
Now, Cons dev a Contre| volume evclosing Уе Clack chamber : 
veu Wy + УЛ Mg = moh, + miho 
and Ma = My 
Mg = My 


Thus Ка Ска Коу s ahh) 


[0-32 


PROBLEM 10.26 (Cont'd) 
or _ zo 20.98 ~ 42.9 
бы | 63e a (E) 
hs-h ^ “\6249-asiow 


Next, consider a control volume M mg the PM et "m 





mh, + Mo ha = m. ha 


or Ci- Me Yh, + meh, = bo 
М.-м 2554.4- 210671 
СЬ к — = 0.7766 
M- Wah 510.6 ^ 2100.7 


= 134.6 / 17166 = 445.3 kg/h 


Finally , for bs condenser 
4 Ch, -h a! = Wreus Chewy ous 7 Ма ta 
From Table A- is ў he i. © he (ıs ос) = 02.99 kTlkeq aud оса" 104,89 ку}. 


| | АТЫ: ka \ [2554.4 - 121.46 


hew out has RY 


p 





» 


Y» cu 





54,920 kg/h 
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PROGLEM 10. 27 


KNOWN: А cascade refrigeration system is composed of two ideal Vapor- 
compression cycles with an inter-connecting heat exchanger. Tafa 
are known af varwus locations in each cycle , and. The refrigerating 
capuuty 15 given. 

FIND Determine (a) the power input to each compressor, Cb) the coefficient 
of performance , and) the Cate o £ exergydestuchion in the inter mediate 







heat ex changer. 8 
ASSUMPTLONS.: (1) The assum prons Sat. lig. P 7250 lbe liu 









of Example 10.1 apply for each 
cycle (2) There LS по Neat trams fer 


from We outside of Wa iuter mediate Wee 
neat ex cia о, (3) Let Tp = боер = 02ب‎ «1 
Ord ро = 19:7 Еда 
А , 5 
AN MM SIS. ` First, f ix each of the Sat. vapor 
To =T,-5 °F 


3 im 
For the f2-13u0. eyele : set. tie. 


Stole |. T, =-30°F, sat. vepor 
=> h,= 27.32. Qu lb , S, = 0.22 66 Bhu/ lbe 


State 2: Р = 50 Ip lia ®, 5.25, > —* N.34 
State 5: р,=5о lehi", sat. liquid 


Low-temperature 
evaporator 
=> з= 24.14 fatu /lb, $,7 0.0523 Bhu/|b-°R E 


nemo Qin = 20 tons 
sede Ч; Fy EE. Throttling process ; hy =й» =24EIG + S, = 0.0.563 Blu /(Ь- ЕЁ 


P,=50 еи 
2 


We, 
Compressor [73 <== 


| Saft. Vapor 
T, 27 30°F 







&-1\3Чо, 





\/ Expansion 






For the R-22 cycle : 
State 5: Tg = 73-5 = 35.27*F, sat. vapor => h= 107.8 Ghu/lb, Se = 0,12 095 25 
Stele@. Pp =25o lW^"*s,sc Ф h,= 120.51 Виль 
Siete 1: р,=25о lbFliur, Sat. Liquid. Р h, 2413.46 Gu lb 


Sate 8. Tg = 55.27 E Throttling D => he =h; = 43,46 Bh lb 
ond Sg = 0.01066 Бӯи 1. R 


(ay The mess flow rate of R-i3ya is deleymineck Using the gwen refrigerating 
capacity А 

a. " (h -) ) — Qin x (20 tons ) 

LEA ee к =ч Marista (W- hy) (47.32-24.14) Bi] 


= 54.0 lo/miu 





200 Вил [мил | 
l ton 


Thus, for Vue R-13Ua Compressor 


* 2 l lu. 
Were Mersya Сиз) = (54.66 JS )(ut39- 41.52) f 


= 700.5 Фм O Mg 
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PROBLEM 10,2% (cmt'd) 


To fiùd the refrigereut 22 -mass flow rete , analyze the intermediate heat 
exchanger. 
О = Yo aqu Chaha) t Mg-22 C hg- hs) 


ВЕК hh ш.зч - Zyty 
Me-22 * Me-134a КЕ = 64. ЩА 5) кл 
s-he o* $ - 43, 


or 


= 24.08 lm 
Thus, for the R-22 Compress or 
Wean Maar Съз) = (4.08 3 )(120,51- 107.2): BH 441.6 Вајда Wet 
(b) The overall сое ісек of performance is 
а^ (zo tens) 


8 ^ Wet Wes ` (760.3 «44.6 ) Balmain 


2122.534 a e 


(cY For the heat exchanger | 


a o : 
е 24%; v MS Raisya $2753) Y M e-22 58-55) * OC ux 
Thus 


Ed = Тобу, = T. | “ала “یکا‎ 5 + Mess (85-58) | 


2.00 Bha/min | 
\ ton 





=(S40°R) [C 54-61-0525 -. 2266) Bia, + (74.08) (. 22095 -. 09088) } 


256.51 Blu/min 


10-55 


PROGLEM 10.28 


Known: Refrigeraut 3421s the working fluid in a vapor -compression 
vefriger ation System using two-stage compression wi 
intev'cooltng between the Stages, The refrigerating capacity 
is give and doko. at various locations arè known. 


FIND: Determine (a) the power Ingut to each compressor, amd Cb) the 
coefficient of performamce. 


SCHEMATIC 4 GWEN DATA: 







( \ Expansion 
\ Z\/ valve 
~ 





ASSUMPTIONS: Ч) Each component Us analy ted 
as û control volume at steady state. The 3.594.114. 
Compressors operate isentromiealy.(3) There are 1 X Penson 


\ /\* valve 
A 


no pressure drops for How through any of We T — 

heat exchangers or the Hash силам. 

(4) The flash chamber and dimer contact 
heat exchanger e adicloatically. 

(5\ The expansion in the valve is a Умом ling 
vocess. Ce) Kinetic owl pobeutiok energy 

effects ave negligible. 


ANALYSIS First, fix each of the principal states. 
State | T,=-30 ое. Sa. Vapor => h,= 224.14 кч/єд, 5,2 0. 4434 ЕЗ/кө. K. 
State 2 р, =Ҷ бат, $,=5, > №, = 26062 KT (keg 
Stole 5 pg = (2 bow , Sat. liquid => hs = 5:46 kTlka 
одо b Throttling process => ha zhs= 115.46 «3659, Кє= 0.2.825 
state 1 f4 2H bar , sat. liquid > hs = 62..00K/kq 
State 8 Throttling process => hazhas 67-00 т/а 
Sate A Рр, = Ч bar , sat. Уарос => ha = 282.32 kT/kg 


State 3 The fraction of the flow into the Flash chamber at b Mak 
exits as saturated vapor at 4 is рр" to He —RX ako. 
The liquid leaving the flash chamber gt 7 is the fraction 
l-xe. Wih hare flew vate ratios 


О = (1-х, \ he + XG ha = 4 M3 
h3= (1-X4) hot Xe ha 
= (Ie 0.2825) (260-62) 4 0.2. 


соме by tatrpolahon ыд Tatte 4-11 urhe hg we yt Sg = 0.4352 eT [eg kK > 


Sh 4 P4=\2bar, $4293 © hee LELLI кајка . 





Qin = jo tons 


ос 
#26(2.92:32)= 25827 Е | Eg 
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PROBLEM 10,28 (Cond. ) 


(a) Te determine fra yp ray gewer, First determine fhe mass 
rates. For Wa evaporator 


Qin = m(h,- -he) 


ore ба. 00 toms) _ Be 
m = (hi-ho) (224.14 6 2.00) ЕЎ — | tow E | 
= OL| ksl s 


Also, Since 1-х. is the fraction of the total flow pass Ing Hough 
the evaporator | 


Yo | 























E W Y^ | _ 
Үй» = | XG => MAE = хс = 0.24۹ 3 I«g[ s 
Thus, — | 
= 6.6] kW Wei 
Wer = M3C hy-hz)= (o. 223 281.69 -258.27) = (6.865 kW Wer 
(b) The coefficieut of performance | LS 
Qin _ - (1o tons) 2M nse | LMA | kw 
P Weiter — ((.6l46. € 6 )kw pe | ls 
- 2.61 © 


ا ———— ———— 


[0-3 7 


PROBLEM 10.29 | 
KNowN: Ammonia is the working fluid i4 a tun -stage Vapor- compress! ow 
re feq evo hm. System Using а. direct contact heat exc hanger to 
acwieve inter coolin . Data are Eno wn at varrous [о со. d^ Оул 5 , 
and tw re fviqeratng capac t 8 given. | 
End: Detrnune (a) tr rato q the wass Flos cates mz Галу Chae 
Figure), (o) the power input to each iy ЫЕ peer Cc) Hee 
Coe dfe use | performer. Cd) lot each 4 +h quanhhes w parts Ca) - Cc) 
verrus thn direct - ced» cb Naor лс queso. Diíscoss. 


CHEMATIC 4 ew | 
2Solbf/ a” v Sat.lig. 





-\ 










Condenser 


250 Ibt/in*!! 





-o чэ — came ен» — 


AW, Expansion 

ё 
АХ valve Direct contact 
“а eat exchanger _ 





5 
ASSUMPTIONS. + (1) Each component is 
analyzed as a control Volume at < 
State .(2) The ressors , valves aud 
direct contact heat ex changer each — 
operate adiabatic ally (8) Tha expansions 
ough Wa veWes ave throttling processes . 
(4) there ave по siqnificauk pressure drops 
for How throug the heat exchausers.(5) Kinehi 
and poreutial nergy effects are Veoligible , 


ANMYSIS. First, fix each of Ma principal states. 
Stake | T)=-20°F , sat. vapor => h, = 004.616 t7 to, 5,= 1.3762 Blw w- R 


State 2, For tseutropic compression ‚р, = 80 IbHw%, S27 S, > hs = 042.14 eu 
U Sing the compressor effie (еле А 


nc Haste => hes hye (Rage) = 707.59 Выль 


Qin = 30 tons 


State 3 Pz = 80 Ib£/i^* sat. vapor => hg = 623.32 &lu/lb $32 1.2524 Bly b R 


atate t pe 2solbtlin® , Sys = S4 => hys = 642.53 Ib. thus 
hy = hgt (а: ка| = 705.22. GW./lb 

State 5 pg = 2Solbelivt Sat, liquid => hs = 161-77 Bulb 

Stute € Throttling process => Ws Ws =161.11 hud Ib 

State 1 ру = 90 beli" sat. liguat => р = 21.22. Bhy (b 


State 8 Throttling process => hg 2 4 = 21.22. Blu Wo 
Cay the mass flow rate through the evaporator is 


со Qiu z Go tons ) 200 Bidoni) | 1.64 lb 
™, = М-М (pott, t 7 9.22) Bie I low ич min 
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PROBLEM 10.24 С Contd.) - Page 2 


The mass flow rote inte the second turbine stage is detevmined by 
using aun energy balance on the direct contact ° hent exchanger 


Oz mole + Maka — Mhz - Mq ha 


Burt mM. = M3 аљ Д. Ma Ма = M, 

thug © = — x m, Cha -h+) 

or MZM, att) = = (и и) 28 Zar wm) = (5.82 Ыіл. 
167.77 ~ 623.32 


The mass flow rate ratu 15 
Ms fm 21.353 m3/m, 





(b) the power input to the first comp ressor stage us 


We, ™ (А„-һ,) 
(са ype Б |2545 bh/h 
= 28.3% hp We. 
And, he POW Mm put lo Ma second compressor Stage 1S | 
Wer = m 3C We -h3) | | 
=(15.22) ) 70542-623 .32 E Ses = 30.81 hpg Wez 





(707.59- бод е | у BM Кеи = нЕ | 





(c) The coefficient of performance کا‎ 


28 1 Фонон). | | ир 200 Blu/min |leO min. 
We tWer (28.383 30.81 28+ 30.81 укр 1545 Buh l јем | 








2.340 а © 
(ду The dada for the rea ured plofs ave obtained игид IT, as follows: 


IT Code 51 = ssat_Px("Ammonia", p1, x1) p7 = p3 
— $25 = s1 h7 = hsat_Px("Ammonia", p7, 0) 
очоп зр, OE h2s = h_Ps("Ammonia", p2,s2s) h8 = h7 


ui и о. — h2 = h1 + (h2s - h1) / eta_c1 
2 x3 = 1 
a Sees. жыйа h3 = hsat_Px("Ammonia", p3, x3) таом = (Qdotin * 200) / (h1 - h8) // Btu/min 
— s3 = ssat_Px("Ammonia", p3, x3) 0 = mdot3 * (h6 - h3) + таом * (h2 - h7) 
ota c2 = 0.85 S4S = 53 mratio = mdot3 / mdot1 
0677 V. h4s = h Ps("Ammonia", p4, sás)  Wdotc1 = mdot1 * (h2 - h1) * (60 / 2545) 
Р h4 = h3 + (h4s - h3) / eta_c2 Wdotc2 = mdot3 * (h4 - h3) * (60 / 2545) 
= ; n p5 = p4 Wdotc = Wdotc1 + Wdotc2 
pic sutor commons 0n h5 = hsat Рх("Аттопіа", p5,0) beta = ((Qdotin*200)/(Wdotc1+Wdotc2))* (60/2545) 


h1 = hsat_Px("Ammonia", p1, x1) һб = һ5 


IT Results for p; = 80 Ibf/in.? h; = 91.16 Btu/Ib 
hı = 604.2 Btu/lb he = 91.16 Btu/lb 


h2 = 707.1 Btu/lb m. im, = 1.353 
has = 691.7 Btu/lb fi 
hs = 622.9 Btu/lb a 28.37 hp 


h4 = 705.2 Btu/Ib — 
has = 692.9 Btu/Ib W o = 30.71 hp 
hs = 167.7 Btu/lb КИ 
hs = 167.7 Btu/lb А 





В = 2.394 
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PROBLEM 10.29 (Cont'd.) -page 3 


PLOTS: 
1.4 70 
1.38 
1.37 50 
ce g “ 
£ 134 z^ 90 
1.33 20 
1.32 
1.31 
0 
20 40 60 80 100 120 140 160 180 200 20 40 60 80 100 120 140 160 180 200 
p2 (Ibf/in.?) рә (Ibf/in.2) 
2.5 


1.5 


0.5 


В 


0 
20 40 60 80 100 120 140 160 180 200 


p2 (Ibf/in.2) 


From the plots we see Hat as the interstage pressure increases, the fraction 
of е flow eH Wwe the fist Compressor S that evders the second stage 
\ucreases. Mso, fhe power reguwed by Ma first Stage decreases aud Hot 
гена the second 5 increases. The curve that shows ha 

PH cows ves soc power exhibcts д. minimum value. Accordingly, the 
coeflicient & performance exhibits a maximum value. 


lo-4o 


PROBLEM (0. 50 


KNOWN: А vapor-compression refrigeration sysfem with mechanica | 
Subccoling uses refrigerant Z2.. Data are lewown at various 
locations, auc the rebrigerahing Capacty is given. 


EIND: Determine Со) the macs Flow rate into each compressor, (b) the 


power input into each compressor, and Сс) tho caefí-ccreud- of 
performance . Counterflow 8 
a ¢ م‎ | PATA heat exchanger 









uno = uthe j oe 





Saturated vapor, 
| T, = 20°F 
Y Expansion 
l 
/\ valve 





ASSUMPTIONS’ (1) Each component 15 کار )ا‎ "a 
modeled as a contol volume of _ 
Steady ней ‚@› The co ressors | | | 
opeyate iseutropically (3) Theve are 
WO pressure аси ЕУ We Wat 
exchangers (4) Kmietic and pokeutial 
energy effects are negligible . 


Saturated vapor, 
T, =—20°F 





Q.2 50 tons 
АМАМ. First, fix each of the principal states. 
Stade |: Т, =- 20°F, 500 орог => h,= 102.50 Bh/lb , s,» 0.2334 Ө lb. R 
Sle Zz: р, =:80 (bfliur, $275, => И, = 124.23 Bul lb 
State 3: р 218° IbFliu® sat. biguid => haz 35.95 Bhu/ lb 
Stale t: Р, = 180 Ibtlin*, Ty24o°F => subcooled => hy he (4o°F) = 2.1.66 8fullb 
gates, Thretlliag process => hg = hq = 21.66 Әр 
Stole e. Throttling process => ho = يا‎ = 35.95 eu/lb 
Steet: Туз 20°C, Sat. vapor => h,= 106.45 Ghullb <, = 0,2240 Bhi/lbR 
50408: рр = 180 ofl, Sg =S_ => hg= 18.64 G/M 
ар — he mL vote ento the furst compressor, m,, use the 
re rig e ng cap 
Ac, = M, (hi-k) 
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PROMEM 10.30 (Contd) 


Solvin ; 
4 — Qin И (5o tons) 266 Bulwa | 
(и, - Ms) (102.50- 21.66) exe | Hon 





= 123.7 \b/min 
То get mu, analuze the couuterflow heat ex changer 
O= w, (И-И) +m, Cat- hà) 
hy- ha _ её - 35.95 Joa DS 
he- hy 35.95 ¬ 106.45 mi 
= 25.073 blmn 4 mı 
(b) The power of each compressor 15, respechweld 
(123.7)(129,25 -102. 50) 
2688 Brulmu yg. — We, 
Wea = л, Chg” h_) = (25.073)(118.64- LNSS) | 
= 305.6 BW/ mw Wez 





"— 


)) 


We, = M, ( hah, ) 





(с) The соеЧ (с ем\ of performance LS 


= _ Qin _ = _Go tons) езет | 
t Wat Wer (2658 + 305.6) GG. TER 


— = 
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PROBLEM 10.31 


KNOWN: Refrigevant 1340s the working Fluid tn a vapor- compæœ SS LON. 
refrigeration system wit two evaporators. Dado. are known 
at various locations, and the refrigerating capacity of each 
Cvaporeter ıS specified. The system uses only ove com ressor. 

FIND: Determine car the mass flow rates through each, evaporator ; 
(b) the — power input, aud ce) the heat jrauster from 
the vefrigevaut passiug through Жо 


SCHEMATIC $ GIVEN) DATA. 


2, 





` 5 

ASSUMPTIONS: (1) Each componeuk is analyzed 

as a control volume at steady stoke.» AU 

rocesses ot he working Hurd are internally 
veversible ex сер for the — through 

each valve, which is a throttling process. | 

СЭ) The compressor and valves operate ad.cabati cally, Qin, = 3 tons 

(4) Kinetic and potenti energy effects are 

negligible, 

ANALYSIS “ First , fix each of Wae prmcipol stakes. 
Stake 3 pz 0ا‎ bar , sok. liq urd => hg =105. 29 kT ( ka 
Stoke 4 Thrott | ing process => hy ahs = 105.21 3/*a 
States Throttling process => hs shy = (05.29 KT / kg 
State 6 ТЬ = – 19°С. ,sat.vagor = Мо = 23653 kT/kg 
State 1 P4332. bar sat. чорос = ha = 248.06 V3 / ka 
State 0 Throttling process => hg z = 248.46 kT! kg 


To fix states Land 2 equ wes We mass flow rates cough the 
evaporators , Twas 





(&) Qu, = Meurs) 
ос — Arn, _ C3 tons 2 24 V S/ mi. 
6 Che- hs) (2:6.53-105 2E. | \ ton | 


= 4.323 kg /min 4 Wo 
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PROBLEM 10.31 (Cota. ) 


And — € vw a. _ C) Cau) е ТЕЗ 
Cha hq) (248.46 - 105.29) — — me 


State | Now, for the adiabatic mixing streams б ама & - form 
Stream Y : 0 = Mehe t meke ~( Met me) h, . Thus 
h= “Ме tmehs -zy к/а 
met Mg 
The specific M е, is found using double iwterpolatiow 
in Tolle А - 1246 e; Sæ 04492 едк | 


Stole Z p ciober , 5,=5, > h,2202.3 kT/kg 





(b) the Compressor power LS 
We = (mye we) hl) 


(! 





= (7:766 -3 eee /(тәт.ъ-тЧ1.!35 > E 
= 5.329 kW We 
for the condenser 
Qout ^ (tw р) С ho s) 
Qout 


= (7166) (25|( 202.3 -165.24) = 2291 kw 
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PROBLEM 10.32 


KNOWN: An ideal vaper-compression refrigeration cycle is modified 


to CounterHow heat exchanger hetween Ha streams 
exiting the condenser and ev Er еа ое 


п Бр: flud. Data ore, known at various locations, cmd 
mass flow rele is given. 


FIND: сонра т refrigerating capacity, (b) the compressor 
2 


Power гир (с) the coefficient ef performance. 
SCHEMATIC VVEA) t ‹ 





ASSUMPTIONS: Same as in Example 10.1, 
assumptions 1-4. Also, assume уо heat 
loss from the outside of the heat (& ban 
exchanger. AN Ya 202, kgf mwin 
ANALYSIS. First, fix each of the princ pal i ae 
` States. 
State € Pg 3(0 bay sak. vapor 
=> ho = (398.4 kT/ kg | - Sat. vapor 
State, | Р, = 1.0 bar , T= S 2с Dh, = 1983,15 kx кд ر‎ < = 6.16 Uo кз/ка-К. 
Stale 2, p,-|€ bar , 9,75, > h,= 202$,5Ч kN ka | 
Stole 5 p,- Bow , T, 2 40 °С => comp.liguid 4 hz = he 4o°c) = 371.35 ЕЗ Ка 
Stete t. Using an energy balauce ow Wa heat exchauger contro 
ONE. ОГ Г (haha) 
or hy М-М, tha = اک286‎ kT/leg 
State 5 Throttling process A hs ahy = 280.5| kT/ ka 
(Al The refrigeratwg capacity ts 
х > 2 ^ - 2 ko А > ЕУ \ [> d 
Q. = w% (he-he) (ı22. У( завч — 2805) a Em: eno ls, — ® 
(b) The compressor power is 


= j | 3 file Є We 
W, = h(h,-h,) =(12 52) co Т 1025.54 = (483.25 ) * TA |= log, S KW e. 
(c) The coefficient of pec fer wana o (б «(ht -ks)/ (hh) 22,05 lE 


Discussion: The heat exchanger (1) tends to increase the c acity ‚ (2) helps 
ensure Superheated Vapor enterina the Compressor, and (3) increases the 


ANN Age Specific volume іи Ме Compress ОС, кесер ү Increasing the power required, 





-—* 
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PROBLEM 10,33 


KNOWN: Anideal yapor-compress tow heat pump cle uses Refrig emuk 134a 
as the working fluid oud provides a known energy output to 
heat a building. Data ave known at Various locatus. 


IND: Determine (а) the compressor power, (b) the wetficieuxk of 
performance , and) ‘the. maximum thooretical сое icient of 


— for в. heat Pump operahirg between reservoirs 


Tu 23K 
C С. р : 


Qout = {Б kw 







OS 
X Expansion 
ПА 


| 
valve | 





1 
ASSUMPTIONS: See Example 10.1. sat. Vap 


(For 210. 

State ( p, 72.4 bar , Sat. vapor => h= 244.09 Кука, $,204222 kyl ka-K. 
wate 2. p=8 bow ,s,-25, <> h= 268.97 kT/kg 

State3 p,- В bor , sat. liquid. => ha = 45.42- kT/kg 

State 1 Throttling process => hy aha > 23,47. kTl kg 


(а) To determine Wa compressor, First tind the mass flow mte from 
С) оол = ү» ( ۸ا‎ - мз) 


ANALYSIS * First, fix each of he principal 
Sates. 





Sl Qout _ _uskw D pas | =o id 
id i ha- мз (268.97-93.42) ES ikw — ATA MIS 
Thus | 
. х " k г Ht kw 
? We = m (h2-h,) = (0954453 (209 .27-2чч.0 Vig ew | 
= 2.126 kW We 
(b) The coeffricieut of performance is 
y= Qout _ _ 27.055 Y 





(c) For a reversible heat operating between reservoirs at 
Th = 2۹3K aud т = — " 


= Hs 14.53 


У = Yma 
Pe Tu 7 Tc х 
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PROBLEM 10.34 


known : Refrigerant (ais Me working fluid (л a Vapor- compression 
heat pump system with know heating capacity. Data are 
kuownat various locations. 


FIND! Determine ca) the mass Hew rate, ф) the compressor OWEN, 


Cc) the isentropic compressor efficiency у ACA) tho coefficieut 
of performance. 


SCHEMATIC $ GIVEN DATA: 










Qout = (90,000 Btu/h 


73* (|0 о SSS 7 
| ze à 
200 UM al T,= o OF 








V 7 
P Expansion | 
AS | 


valve 


OF 


ASSUMPTIONS: See Example 10,2 assump tons | 
1-4, except the compressor efficiency is е = 
ии kuown. 

ANALYSIS: First, {Ак each of the principal states. 


State ( T= O°F, saf. vapor => h = 1011S Bhi lb, $,= 0.2224 etw Ib-°R 
State 2 p= too Ibelin „Т =(80 °F => he = (33.278 B/W 


State 3 p, =200 Ibelin? 157 100 °F > comp. lig. j hg = hg (0 ) = 41.81 «lh 
State 4 Throttling process => hy ths = Ч1.@1 Bilib 
(a) The mass How rate is 
Qout = Ya (hahi) 
or ms dnt Sage ll | ےا‎ ming Ò 
(b) Thus, the compressor power Is 
We = Y^ Chah, ) 


_ | bO mu BW, — the - | | 
„(ило RUES |(їззла-ол) BAY P| = 8.70 he We 
(C) The compressor efficiency is found as follows. First, for sewtrepcc 
Coma cess Lon ; P2100 1А: ,5,-2s, > has = (280 Giu/lb. thaw 
_ Мс - и (33,19 — (01.15 
Ү\ = MS ш [ICS 7 D | - o Lu 
^ М-М, Beas- lots 79952 (582 6) ه٤‎ 
(d) The coetticient of performauce is 
Ү = h2-h3 


= 441 
мк НЧ > 
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PROBLEM 10.357" 


KNOWN * Д mm ona is the working fluid i^ û Vapor — CO vp ress lon, 
heat pump sus . The volumetrie Flow rote entering He 
compressor а, data. ot Various locations are known, 

FIND: Determine ©} the compressor power , Чо) the heatiu copacity , 

(су the coefficient of performance, amndcal) Мо isentropic compressor 


efficiency. 
SCHEMATIC $ GIVEN DATA > 
| wx 
T 2 № 





(чо %, 





5 s 
ASSUMPTIONS: See Example 10.3 assumptions TST TS 
l-4, except the compressor efficiency vs Òn (АМ) 2.6 WY min 


unknown . 
ANALY 516: First, fiyeach of phe pricipal stokes . 
State lL pe 2.5 bar , Түз-5°с. => h, 447.10 kT/kg , 5,7 SSIAKI/kg-k 
State 2. ры = bar, T, *140*C >> ha: (S252 т/д 
State 3. p =H bar, sat. liquid => h3=35247kT/ kg 
Stole Throttling process => hy ahs 73523] / kg 
Ay First, find the mass How rate. the specitic тело, at tHe Compressor 
wher J» 4, = 0.50180 wilkg. Thus 


» = AW), — (0.6 Yn? UA ) i = 
Yn A 5 ва =0.0199 kgls 
the ower is 


ч = ү ER = (0, \ = КУ lew И : 
We = тй (hale) = (0.0199 Ansas (447.10) E |. =a = („ОЯ kW We 
(b) The heahng capacity 5 
доа (aks) = (0008 (175252 ~ 352.91) BE le +2265 LU 


( TAL tens) a dou 
C) The coefficient of performance is 
8 G out _ 2л,25 —* 
ð= We ^» («098 5 d 2 





(d) For isentropic compression, р, = , 525 25, > has = U1U. 24 kT/ka- 
Thur, the compressor efficiency © — E $ E 


_ Wasa hy 170.29 – MAELO _ — lot. c5 
NEUSTEN = 1752.52 — (qu 1. (0 =0.8b08 (GU.S%) "— uU 
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PROBLEM 10.36 


 EMOwNM: A Vager-tompression heat pump wi Refrigeraut 22 as the 
Wero fluid is to be ised lo provide 12. kW Jo heat o 


house to ом inside tenperature et 209c when he outside 
temperature is 5°с. 


FIND: Specify evaporator and condenser pressures and caleutote 


(к) the mass flow rate , cb) the compressor power, and(c) the 
coetficiewk of perfor mamce. 


Aside. 
e 4 cave DT чое 
SCHEMATIC GIVEN D Н 
Qout = (2 kw 


m=- 







v7 
W Expansion | 
ГАХ | 


valve 





5 
ASSUMPTLONS: See Example 10,3 , assumptions 
ane 


ANALY 515: The evaporator and condenser din 
pressures must be chosen to allow for Е 
sutficiokt ST's To ovoid excesswe heak — 
exchanger sizes ( surface area). For a ш 
preliminary design, assume | 

ATevo-p = о? c => т, = 5 °С, 

Pema =12 bor (Tsay = 50.25 °С) 


Also, let n= 80°lo for Ma ÇUx pose et Wig analysis. With Mese 
Spe cif (cottons 


Sle | V,» 248.82 ) S$, = 0.9315 ex[ kok 

Stute2 hy, = 273-01 k/ko > ha = 279.06 KSl ka 
State 3 hg = F140 КГК (Csat. liq ot 12 рое ) 
She f hy ahs = 1.90 үт! 


> 


SS ae =] 


Ol | 
.. Qowt _ (12 kw) LkT/s ев _ L 
ues h2-hs E (2149.06- $1.50 ) a і lew) І: WALA | = 3.0522 
b : А | | 
е" We = Chur) = (3.652) foo] (274.06 -248.81 Y= 1B4kw 
(C) Ps - Qeut ta 


— 77.88 = 0.52 


Discussion : these values ave prelim mar 
other factors j SUM. as economics, Wowla 
des ау process. 


y estimates. Tw practice , 
ploy OM Y mportaur vole im ие. 
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PROBLEM 10.37 
KNOWN: Reconsider the cycle of Problem 10.36, but use Refrigerant 134a 
as the worleing Fluid. 


FIND: Answer the same questions as in Problem 10.3 b and Compare 
the results with those of Problem 10. 36. 











41 


ASSUMPTIONS : See Example 10.3, 
assumptions 1-4. 


ANAN SLS: For о. prelim vary design swe 
use similar conscderation “о wase i^ 
Problem 10,36. Thus, let 


STeyap =10°C = T= -5°с 
Prong = 7 bar (Тш = 20.72°C) 
Also, let ne = Воо . With these specif ications 
Slade L h,=244,3! , s =.92195 а-к. 
е hig = 2606.06 Tk Ф h, = 271.50 IY [lea 
h z = 86.18 kTlke 
hy = h, = 86.78 kT/kg 








(ау Qout (12, kW) | ler/5 


ө 
m | 


[5 || бо $ 
huh. (211.50 - 8618) ka | lew 


| AMA 


= 3.90 ks | min 











(b) М. = m(hi-h) = (3.90) 2 | (211.50 - 244.31) = 1.77 kW 





(c) Gout 12. 
= We TR 17 = 6.18 


The performance of the two ca cles 15 je coe pando, I^ ferms of w, 
We, awa, д. The only sgnific ant difference is Wa Somewhat higher 
operating pressures of fe R-22 сусе. 


PROBLEM | 0.38” 


known: A pele pog Brayapor-compression heat pump is proposeck 
Е {о develop process heat ot a specified rode and temperature. 
from a waste water stream at o known temperature. 


END; — Specify evaporator and condenser Pressures ond calculate 
(a) dre mass flow rale, (e) the Compressor power, amdcc) the 
coetticievtX of performance. 


| Pro (25S 
C f£ Gl TA ` Lgs سر‎ 


дол = $0,000 Віц min 


— — 4j! 







SSS — изана 


7 
МА Expansion | 
/ N a valve | 





ASSUMPTLONS: See Е xam ple 10.3, assumptions Vu . 4 


ANANSIS.: The evaporator and condenser pressures 
must be chosen to allow for sufficieut NY's Yo 


Qin 
avoid excesswe heat exchanger Sizes (sw fare [EEN 
avea). For a prelim inary design assume Maske: Waler 
Pep = (Q0 legli —> T= UN °Р | 
Pend = 400 bf lin — Tac = 119.05 °F 


Also, et Wer Bole Sor Me aurpose of this analysis . Win Wese 
Specifica d vos 
Stake \ hi2 NGI Bt/lb , s= 0.2154 Bh lb- OR 
State 2. 5255$, 2) has = (25.31 B's / b = ha = hye O25). (24.41 Gta/lb 
State 3 hg SOG B ilib * 
state 4 hy =hg = S04 ЕРУ 





(A) .. Qout $0,000 Blu (ve^ (pO wi 4 (b 4 
Mm = —— = es —— | T 0 = س‎ 
har 3 (29.41 – S0.64) Bw/ib | bh 4,00 Yt h 


р , | k E 
СЬ) w,* м (hzh = osoro k (pyano a) Se ERE | = ho с 
Q. 23 
` Btu Jl (р О wren Ү 
(| л 2 Aet , G00 M VR LL 
Pe (4.036 t0* Le) (G23) S WS 


Dis cus Sion: The wse of heat pumps bo produce process heat From waste streams 


can enhance overall energy Yesowrce use i 
| rgy y ina plank. However, other factors such 
economies weigh heavily tn decisions To file such aa, ni 
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PROBLEM 10.39 
KNOWN! fefe evant in4ais the Working flud v^ о. vapor- compression 
heat Gump driven by a pu Operating dato are 
Speci tied for the West pump the power cycle. 
FIND: Determuca) He heat compressor power and Сю) the ratio 


of the tolal rate heat Bund fo Me heated space to the 
rate of heut input fo the power cycle, “Dis ars 5. 


SCHEMATIC € GIVEN DATA: 











Fuel 
combustion 





| loss 
ASSUMPTIONS: Sea Example 10.3 assump tons l-4. 


DIM Sis First, fix each state of the heat pump ade. 


State \ тү=-\о°с, за. торот - (дүз 241-34 Ы/А 
2253 k3/ lege 
State 2 For iSeutrepic Compression, р, = lobar , 5, = 5, hy, = 274.63 к/а 
Using үс vd Suid — 
2 - -MY. 
Mee TE => he = b+ нш) = 28245 kJ/kg 


Stole 3 p,74.6 bar , T,234*C => cmp. liq. ; hy x Ир (34 °c) = 97.31 k3/ kg 
State ¢ throttling process => hy = hz = 97.31 KT/ kg 


Ww = OIM ш د‎ | | = 0.04489 kgls 


the Compressor power becomes 
J a mM - zl. leg 95-241.» led {lew 
We> wlha Wi) = (.оачені< \ 282-95 - 241-24 ) = hes | 
= 1,63 Wa 
(o) For the power N =0.25. Wik Woower =W = 1.36% kuw 
dno wi e 
Qu 2 = У =» 472kW 


The total heat rejected is, Gej = THILLW- 1.208 kw = 5.600 LW 


Thus , Qout,2 -(8)Grej = 4. 432 kW 
Fwala, боола + боо. _ (595/60) + 4.483 _ TT T 
©. iv үт. 1, 417 oM 


Diswssionm: The engm -driven heat pump delivers more energy To h 
space hau could be obt*4ueA by PN M M luel directly. the heated 
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PROBLEM Іо. 40% 


KN ous д2: C peratn data afe provided fo- a Va 
Pv^p using К Зад as the workin fluid. 
FIND: Deternuna (a) the isentropé'e comprussor effen 4, and Cle) 
the —— : performance. Cc) Pe r form an еа Accounting o f. the. 
Commessor power га nod. | 

SCHEMATIC f CIVEN DATA; 


per Compres on heast 


гео _ 2, 14016672 





State — Wl) s CBtu/lv-R) 


T t (02.4 0.2303 
2. (24,19 OLDA \ 

is lof lin” 2 42.41 0,0671 

-|4.25?F 4 Q241 0.0458 





5 
ASSUMPT/WS: 1. Control Volumes enc losing each q the рече рв cewgpone unt 
ov € at Steady State . 2. Kine tc Aand p oteo h oA әлеу 44 eh CAN: be 


ignered as can slvay heat transfers and [легче do fleur 
у лю ос. the € Ve-pore tor and Condenser, 3. The Lx nansion CLD $$ phe 


valve û e throttling Process. 4. To = ugo?n. 


Амд S: Һе t ) Ax each Tea rina холер and obtin te 
date oheun w^ +r +e ble up AN 


Stal: P= (Sibfli,t,T, = O °F. Table A- 12€ gives hz (02.42. 64%/% j S17 92303 G^ 


lo. 
ShXaL^ р, = 100 141и Te 160°, TAUL A-I2E Give hy = (29.18 ВҺ// S2 = 0.2391 B4 e 
Also, әу = 5) =) has = (244 Bh. © 16. ero 


State 3: ha he (95 °F) = ЧӘЧ Gh/lh, S3 = SECIS ?F)- 00807 Bie//b. 0R fra 
Teta A-—/oG , 


Shit: hy=hz= 42.47 o/b 


Mu MEE a, cs i dis 
4 = ааа — 0380 D $4 0.001 1 0.3RO(0,224-0,0(11] = 0.0858 TE OR 


(a) Tha isentypic compusssor «Щч еи су o 


2o uh. (auut T 0797 о (80,47 PRA 
"dl Mall (29408-10024 0,804 ( ^) 


(o) The coeftiuent of par Toren ce o» 
X= Pout - vA (hi-ho) але -AAt 42.41 2$ — 
We wh (hi-hi) 124.08 0 UL 
«у The Conprssser worlt мп wA per о mt 4 mase fYowins Lo 
We/p = W-h = 2136 Bh/lb 


PROBLEM 10.40 ( Cond.) 


The ало exer dostruchion fw th Сому 55 or and Valve 
Can le {оли d tagan EJ = % Tey. That رض‎ 


« Compo sin 


CE = (5, -s,) g ugo9( 0.2391 =0,2303)8 ч. = 4 2Wbh/lh 


[b -op 
Va lve 


à о — Bt = В +. //Ь 
(Bali )uve* T (S4- S3)= (420 Ry 0.0ase- 0.080 1 TS Б. 4.37 // 


The change mi flow energy مه‎ the reliure pareas 
plore uch +he € Vaporator V 


es, — есч = hi -he - To (s, -$4) 
= (102.41 - 42,41) -U80 (0.2303 -0.0q SK) =—ЧД Blu / lb 


The change w feo 2м а са ао Th ^er gro pastes 
tumush thre Ссл deas» ы 


Eç- ecu h3- hy - To( $3 -$1) 


> (42.47 — (29,18) - 480 (0.061 70.5330) = – (4 le BEd 


— 
° Exe مہ‎ ut Bh . DiSposiho N Y exe input: 
Cove As fUv Work 21.36 “te е (; 0t 


-Exergy deostruch an 


co sor Wr We/lb USHA) 
ie 4.32 Bell LIGU %) 
- E Nau ou 
HT qup Bull (89) 
condenser lG ЧЫ (S18 %) 
QA. зо ВЕ lb 
“The Su мии 


tan da cae. مسا‎ deua one Tos Зу 
rre VE hi li : 


n Cant Беи 
{he сому ос г ow feds! and Ma te nan stom Prous? . 
T^ Compre S t oy Yrevonchil, 


Can be (е duced 29 "CP Tro Сы 
Cuv $i Waving ^ bushy (Seu Һорс ota oq 


than found 
an tla). Economica Сол есими саз Sosa, lee Cave Prd. 
ie ia уо 


і Sewer dox A HO work ( except fow were) and wo (internet rrreventh litres 
(sure c constant) | an exe "3 rale balance fow Ha re [v4 ra t сае. 
A Ans € v paw o ov j and Toa Cow doe ey, reado 

0= Eq -Mey e^ Серги = efont) Eq D Eq = men out ери). 

T^t, the chan w Fow ATN equals fre Ске 4 trans Pr alcoy & ^s 

haat transfer.” Since heat Hans je occurs at 7T € To ua tr €evepore tne case , 

the t£ ergy Warns оссо кр" hoat vs oppsite © Ha direch os df, the 

heet trans Ly: Petes Ves у! srant de Ha cold — "pce. For a cow NL еи 

COLA, ea transty an “ту Vans La, arn ww. fra Saws hrectin: 

Grown XT refrigerant To Tu d Space 
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PROBLEM [0.41 
known: Steady - state operating data are provided for a fesidentror 
heat puny system using 22 as the working fluid. 
FID. Deterve ne («eb hs power Aaa vired ha ft. Cormpurssor and 
+he (Senfroyic C Oe ssor effruiency , and СЫ) the coe T1 o t of Per formance, 
cc) Performa an exer Y acceuntiing of the com puss power input. 
Discos t. Cd) Dæ е and e valuosa An ex € ra еһе efhaeny for thea 
neat pup Ty stm. 
ScHtmatic L 6: ИЕЫ DATA 















Return air | Heated air NoTE: This system (s recognized 
from hous to house j 3 
ps=lbar 5 E Oar athe from Examples 6.8, G.IG and 
Я i ۳۹ J except here an 
a рә = 14 bar i d d 
Т, = 75°С £v rator ia Cons. dere 
ex n(catl«. 







Condenser 


W ASSUMPTIONS: See a sS u np fons 


— listed for Examples 6.8, 6.14 
and 7.4 





Y Expansion Compressor | 
EX valve 






Evaporator 





Outside air 
at -12?C enters at 0°C 

AMALYSIS: (a) The power ^24vired by the Compressor to €veloaltd u. Ex.6./4 

б We = Z.llew. Ta Ey. bt, we get Ne= &19/o. | 

(h) Using data frown Ex. L.B and Ек. 6G.IY 


Qux M m (К ha-ha) = h,-h3 - 244.11 - 11-057 - 4.84 
2446,07 — 2+4.75 








- COMER EM) - 
1 


Wc We ha - ^4 
(C) From E«. 1.4 we get +o following ex ev54 deswuchm Values; 


Commas ssor. Ед = о. 418 «VV 
valve: Eq: 0.271 RW Я 
Condensor : Ed: 6.211 є \\/ 


To Gund {a exer doswucthon Ww dva € vapor ctw , fret dety nne po 
outside агр hase سمط‎ ^a, m+, Using wf and © vor AX. s. lg مفعسملفهە‎ 
aed do A cabol v ol оила. € veto tiny fla €CVepera tn {© 

; m(h-ha) . mlhi- ha) _ (о.от esl) %Ҹ:+9- 72S] 6 09 kals 


“-] = a 
Ma- he Сре T1- Tg) — (1.005 &k3[gg-K)C (AK d 


Then, with Eg = To Tey and Tev from aw en urs ft. botauc e. 
o 
б Е . Z * Aw Te - e $ - 
Ea > Talay (5в-$т) + (51-54) ] = Te L% CP + Rife e (5 54) ] 


6.٩ es) (соот ны, Jan 261 «ez кё)(о3з+ - 0-3078) 53 ] [уш]‏ ]1514د 


0.202. KW 
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PROBLEM 10.41 CCondd-) 


Tha nat rate ood" o to Carr red Ф vt AA ow Ао, d air to Ha 
ho موب‎ La 


. e А ‚ T 
Efe- Egg = Maie [Ge-he) -To lse- ©с)] = mair Spal Cru 72) “Te Б 6 
= ©. 501.005) (30. - 2+3 icd = [.GAg kW 
243 
Tha net rale — den ua cerried out vin the outs da ain c 
egg. Egy = My ((ив- Ат) – To 08 87] = m7 сь[(Та-Ту) - To X1 


= ).م‎ os) | С-'®)- 273 & 3517] = 0.0% eW 


Ey ergy Summary ` 


e Rate of exer input — 
COMME SS OF de p 3.1l eW 
. D isposc hon of exergy 
in pad : , 
- Wet rate exergy о brausfewed саз кми (546%) | 4— 
to ths house 
— vet Acts exe J carried . + 
out to the — ы: o. vt kw Cs о) 
~ C¥ersy doo voc ом 
© жо iad 0. 418 eW (1S-4%) : 
( $294) ~ 38% 
valve otl kW © 
Conden er 


0.21} ЕЧ ( 7%) 


рты О, 201. KW (6.5%) 


(d) Turis Cete an evergehe tiene w tt~ foru Gutput/mput) 
dili dade buy the re. ho of, ™ axer da;vored do to hou e 
w t a ar. wp ut This cana sh лие 64 рее hay 4 th summary : 


е. nd. свои 








—— —— 


BACT thymodyrauic perfwrmaas Coulda achieved by Mea AAA) tha 
EN -ew (destruction „д Tae со ле wr th о Compre x 
— a wsha- сек мусс fa еи 7 ftom debe. va vt 4 w Ко 
,چ ںا .میں ما‎ the oct m th. ошзго to pop Han 4 г. changa 
— (дл Ane ہی‎ 1А Compidirgst as Tinea ea ty 
AMO... Сола VE NCH ] See o shen. 
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PROBLEM 10.42. 


KNOWN: Air is the working fluid in an ideal Brayton refrigeration 
eyele. Operating dota are Specified. 
EIND’ Determine (a) He net work input, ger «t mass of air flow, 
Cb) the refrigerating capacity , pev umt mass of air fLow (c) the 
coe fhicieut of performance , and (А) the coefhicieunt ef performance 
of a reversible acle operating between resevvoirs at 
Te > 210K and Ty = 310 k. 


E i QWEM DATA. / | | O 





| Wcycle = 
йс - Wr 





ASSUMPTIONS : See Examele —* 
ANALYSIS: First, fix each of He principal states( Table A- 22). 
State 1 T, 2210k => h,= 210.4 KS/ks Fr, = 0.9590 
State 2 pro = Pr, (Р/Р) = 2.817. > hz = 370.10 kT [ kg 
State 3 T47310k => М, = 310.24 Т/М, рз = 1.5540 
State 4 Pry = Pra Cpy/Ps) = 0.5102 © hq 3 22625 kT ka 
(a) The wet worle 15 


W cycle _ We _ We 
үл T Ул 


Chah) - (0-м) 

(310.10 - MOoO ) -( 310.24 - 226.25) E | 

16.0 / ka Weycle/ m 
(b) The refrigerating Capacity Is 


Gin = hohy = 23040 - 226.25 = 43.86 k/ko 


(C) Tha coefficient of performance is | 
g = inte Mm 227044 © 


Wele [м^ 


(A) For a reversible c4cle with Te? 210K, Ty = 310K 
Te 


= 210 | 
=; к=з m == SG MAX 
Run, Tu -Te 310 -TUO © 1 5 гг A 
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PROBLEM 10.43 


Known. The ideal Brayton refrigeration олсе of Problem 10.42 is 
modified to include compressor aud turbine efficiencies of 

80 owd @8°% ve spectwely, 

Determine (ay the coeff icient of performance amd (b) 

develop an еж era accounnny 4 te net work input. Dis oss. 


FIND з 


SCHEMATIC 4 OWEN DATA. 


ASSUMPTIONS’. See Example 10.5. 
А\50, Vet To = 310K. 





ANALY SUS: First, fix each of the principal states CTuble A- 22). 
From the Solution to Problem 10.42; М, = 210.0 kTikg, hos% 33040 kilka, 
hg = ЗО. kTlkg, Vus = 226.25 Vila. 

Staje 2. Using the compressor efficiency , 


We BED = درا‎ hye Qi he) = 395.1 ку/ 


Stoke Ч Using He turbine efficiency , 


Wt = T V» = ho Ret Сиу hus) = 236.3 bal by 


(a) The coehicient ef performance 15 
__ ûâu/m _ Ch hye) | 
Р Wegdelvs ~ Chale.) - (Wat) 
(b) The exergy destructio rate foc Ve Compressor is 
(Ej; > To Selim = To (655-550 - R Aa Рә] 
From Table А-21; 5" = 1.54634 and 52 = 1.15805. Thus 
EA | LE (s 4.54 — [9.314 ' 
(Ea l)e (моу (622103 1.5634) (Bat) du сз) | 


QUPD АЕ. (3 


> 20.27 3/4 هھ‎ | Calm). 
Similarly, for the turbihe wilh 55 = 1.13448 aud 54 = 1.46237, 


(Eaha), = To ( (5°, -$°,) -RU PulPs ) 
= 5 _ B31 КЕ 
Gio) ((.чотзч - Vr n) -S u (у) 
=13.23 |су|Ко 





(Ed/m)4 
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PROBLEM 10.43 CCovd d.) 


The net charg € wr SK ©7945 aS air pasces throws h tira wsh- 
e 9 
jewnere tere hes Ay chim & о 
(0) exg- еда = оз - he) - C 53 - 54) = (из-й\ -To (3-52 = бл) 
= (310.24 — 395,;)— 310 ( 7343F- 1.97703) 


йоге 5 
heat FEES a م‎ 


= — 4.83 k3|k4 س‎ 
Tha vat C 


wi куды on Gir passes Haous h H Хочи - dte ps ra tene 


o 
es, - Cy = Cii-ha \-T (si- $4) = (а-аа) -To( S$ - S2, m R LJP | pa.) 
= (2701) -236.3)- 310 ( l- 5443Y — 146237) = ~ 212k Ч/Б) < 


Tha nat work van ut م‎ 
Wret/ m > (u,—-h,|\ - ( h3-hy ) 


= (345.1 270.11) (300.21¥ - 236.2] = S505 aL: 
i aad E: 


° Net exer uk b S1.0 ЈЕ 
Е t mE | 2 
„ Disposih m М! {or 
er w At 
- Exergy transfers out 
и lagh- tenp. wx 


3.03 e 3l Е9 (14.3 °%) 
и Row- temp, HX 7.1 FIFE; (4 5.1 ҮА 
" Exergy des wuch m 
V compassa 20.27 EIES (393 *() 
duri. 13.2% eJ/E5 (25а $) 


51,05 FILES 
In this Case) hoarly due -Haidi f {the exergy сло vct ш 
destvroyed w асиле ring г. farl 4 vo dos t 1g eva 34 


efect jas 49-44 d 64 fhe сое event 4 per {иии сд. 


Do E په‎ chm + гет 4 ne work (excent fr flare work). Also 
haa ota no unteynae irreyeribhilihes ( posture 8 constant), Thug, an exergy 
vate balance for the air side a each Arg chenge takes tha foy m 
А M. : | . 0 

0= Eq - Wey oe w ( € in - Cf, out) ZE4 
à «(Eso A -eç jin) = Eq , Tht رض‎ the сле bee Pour txer < 25001 © 
tho Mery transfor ACCOM А ‘ne Noord tra ns far. Fer the Law — }* eyo turn. 
he аж С ر‎ Woot tansha coer! al To To and Xe (09 0 er 
Ranch ш opposite to the heat vans fr : from the are to the cold Space . 
For the Geh - Le pero. hare Wet Av cen 


hrad trans fr and erp? rans f>‏ رسو 
are uc thse SA A direch from Pro air fo 40 waerm Space,‏ 
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PROBLEM 10.44 
The data for fhe required plots are obfuined УЛГУ, UT, as {follows : 


IT Code 

T1=270 //K 

p1 = 100 // kPa 

rp = 3 

ТЗ = 310 //K 

eta, t = 1 

eta, c = 1 

таої = 1 //Assume a unit mass 
// flow rate of 1 kg/s. 


h1 = h_T("Air", T1) 

s1 = s_hP("Air",h1,p1) 

525 = s1 

p2 = rp * p1 

525 = s ҺР("Аіг", h2s, p2) 
h2 = h1 + (h2s - h1)/eta c 
h3 = h_T("Air", T3) 

p3 = p2 

53 = s hP('Air",h3,p3) 

545 = 53 

p4 = p1 

545 = s ҺР("Аіг",һ45,р4) 
h4 = h3 - (h3 - h4s) * eta t 


PLOTS: 


/m (kJ/kg) 


cycle 


130 
120 
110 
100 
90 
80 
70 
60 
50 
40 
30 
20 
10 
0 


flc = Nt = 8096, 
Ne= Nt = 
Tc = Nt = 
Ne = nt = 100% 


оте = ту = 100% 
Ne = Nt = 95% 
Ne = nt = 9096 
Ne = nt = 80% 








Wadotcycle / mdot = Wdotc / mdot - Wdott / mdot 
Wdott / mdot = (h3 - h4) 

Wdotc / mdot = (h2 - h1) 

Qdotin / mdot = (h1 - h4) 

beta = (h1 - h4) / ((h2 - h1) - (h3 - h4)) 


IT Results for р/р: = 3 and 
1с = тү = 100% 
h1 269.9 kJ/kg 
h2 369.9 kJ/kg 


h3 310.1 kJ/kg 
h4 226.2 kJ/kg 


\ /r = 100 kJ/kg 
W, /m = 83.88 kJ/kg 





W /m = 16.13 kJ/kg 
cycle 
а /m = 43.73 kJ/kg 
В = 2.711 
100 
90 
80 
o 70 
= 
2 60 
E 50 
= 40 
S" 6 пе = т = 100% 
20 Ne= nt = 95% 
Ne = Nt = 90% 
10 Ne = nt = 80% 
0 
Disussión. 


" Compressor amd durbiue Wrevers ibili ty 
decrease he co. arity amd increase 
wovk input to the ujele. As a result, the 
Coeflicient of performance decreases 
SIG Wificauta for Ме M, < looh. 
«VACCA. S1 “4 vessor pressure ratio 
increases acity but also he net worle. 
lu put, Тие. coetCicieut of performance 
exhibits a maximum amd hen decreases 
wit ln creas pressure Xio. 
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PROBLEM 10.4.5 
known: Air is thea working fluid w an (deat Bray ton refrigeration cycle, 
Opero ting data and hea Се frigerahns ca pact ave speafred. 
FIND: Deternuue (a) T^» ar mass flow Со е, Cb) the net power in put, 
к) +ho coe [£v cce 4 performance. 


SCHEMATIC £ GIVEN DATA: Я 





ASSUMPTIONS: See Example to.4. 
Qin = (5 tens 


ANALYSIS: First, fix each of the principal states (Table А- 22). 
State! T3460 R => h,= 109.90 plu/ib, pr, = 0413 
State 2 Pp. = Pe C P/P) = ЧЛЧ1@ => М, = 183.62 &tu/lb 
Stote T =7100°р. =|} haz [671,500 Bul lb, еу = 3,4400 
State + P = Феу (Pu ИР) = (.440)(6)=0.574у = hy 7100/2384 (lb 
(0) The mass flow rate мы air vs u 
Qin S to 2.00 Blulmw m 
^7 hohy ^ (тодао- (00:13) $E | Pun пе 
bjrhus, Ha net power input is 
Weyse = ta (Chicks) = Can ] 
(31024) [( I 3.a — (оа AO) = (GTG — 100.24) | 
442.1 Gul —_ Меде 
(C) Thecoefficieuk ef performance is 
-Qm _ _ 5ا‎ tons 
V^ Wapa ^ Tauri Salmin 


ТИШ. 


\ ton — — — 
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Ak 
PROBLEM 10.46 


Known: The Вгоу ton refrigeration cycle of Problem 10: 45 is modified 
to include that the Compressor and tur brne ла (ле (Seu hep re 
efhuenwer of 13 % and 472. Vo , ^o pecti ve! ; 

Бико: Determine (а) fhe air mass flowrate, (h) the net power raped 
(су the cos Fee ent y! per formance. 


SCIKEMATIC t OWEN DATA: 





ASSUMPTIONS: See Example 10,5. 
ANALY SCS ‘ First, Fix each e& e principal stakes (Talole A- 22€).? 
From Ma solution of Problem 10. 45 
—8 | 09.40 бум / (b 
has = (63.02. Вк) 
ha = (071.56 Bka lb 
hys = 100.23 Gub 
State 7. Using I же efficiency , 
Waa B — „= he (S23) = 204.44 bh /lb 
State 4 Using the turbine efficiency, 
a Матич шь hye ha- MEUS hug 10S G2- aw Ib 
V = Wer Ача => Ny = War UeChg-Nys)\ = ‘GOB /| 


(A) Using Me vetrigerating capacity 


үк = Ai. a OS tens) роо Pl 
hmg — (109@0-(05,62) BEAT 1 tow 
> 07 ас с 


(v) Tha Vet pom input م‎ 
WN мех = W L Ch, -8) -C W-h«)] = Cu ous - 103 &0)- (167. S(o— (05.01) 
223 468 ty min vet 
(ic) “The сорс eud 4 par for wanes о 


J Riv : (iSy 200) Rn _ урот 4 н и 
Wet (TI, Ul) Bde narin 
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PROBLEM 10.47 
Known: Operating data are Prov. ded for a Bray fon се fr qe rot ov. 
Cycle Ung A'O ao tho wor lang fluid 
FIND: Dedeorvene (а) e arr mas г Fow rate, Cb) the net Power rap ut, 
(c) +» a rigerating Copan’ ) ond (d) o ا ي ا‎ perforwance. 


SCHEMATIC $ GIVEN) DATA: 





ASSUMPTIONS: See Example 10.4 


ANALYSIS. First, fix each of the principal states CTable A - 22). 
State Ll — T= 210k > М, = 2170,4 IkT/leg , Pr, = 0.4540 
state Z. Pr2= Pri TRAE 22.811" => №, = 310.10 kT /leg 
йез T,- 920v = И; = 320.14 kT/leg , Pr, 1.7375 
State 4 — Pcq7 Pres (Pa /ps) = 0.5742 => hy = 233,61 15/6 


(A) the mass Mow rate ts 
vn = Us LAV), & (mls) (оку _ —* ا‎ ЕТ | g2q кз. 
V3 R 13 [S83 kT Ysz2ok) des келе [619 | kPa lo? N- s 
28,41 сас 





Thus, the net power is 
o) Weyete = ^ Una У -Chaha | 
=). © =з | (370.1 = 210.) -(220.74 - 235, зе] FS kg |i ab =24.3% KW | 
(c) rhe кк capacity is Aae 
Au = № (и-и }\ = betb kw Qin 
(4) The coefficient of performance is 


Otw _ 66.46 KW 
(> = Wade ^ dae ваа ас 
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PROBLEM 10.48 
KNOWN: Air os Me working Muid л a Brayton re frigeration uy іе. 
Operating data are Specified. 


EIND: (о) Determine Me net Work perunit mass of air flow and the 
Co eCCiciewt- of performance for Ne M, 2 100%. (b) Plot the same 


Laut ties tor Дс = ny ranging from ۵60% to (©о°% 
r Я GIVEN DATA ` 


Tg 720016 
i 10024 | ыны J 








5 
ASSUMPTIONS: For ро (а) See Example 10.4. For 
part(b), See Example 10,5. 
SIS : Sample calculations US tng data from Table 4-22: 
Stade |: T, 260 => h, 3260.04 kK Tika , р, 50.8405 
Ste 2: Pras = Pr CP. (Р) 22.5215 => hes = 350.31 ЕТК 
Using Me weutrenic Comore ss or efficiency 
hah + (hag ИИИ, 5 neaoh 2235631 7 le Ca) 
| И, 2 80°/ => һ„580.51 кты Cb) 
Slate 3: Tz = 300K = h,= 200.19 kT lke ر‎ Р: = 3860 
230104: Pras Ре. P4/P3) = 0.462 => hag? 218.47 Еті 
Using the бемор turbine efficiency 
hq = hg-( hy has) Ne j My 21005 (6 ® hy = 218.97 lk, Ca) 
Wp = 80% => hg = 235.21 blkg СЬ) 


the net worle ts 


> 


aa «e -Y = (hyhi) - (hg-ha) s‏ ا 
delw‏ ل Werk, = loots => Wepte/,, = 15 kg‏ 


| Cpart a) 
и, > un = Bo h => W eple | v = 55.3 kJ/kg 
Now, the сое ey of Qe for mawe 1S | 
= Qiw [у^ = Ch, - he) 
a) 


= = “le = € 
М2 Mg = loo lb => v 4-74 G 
Ne = My = 860° => 22045 
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PROBLEM (0,48 (Cont'd. ) 
Cb) The data fer Me required plots ave obfained using (Т; as follows : 


IT Code h4 = h3 - (h3 - h4s) * (eta. t/ 100) 


Т1 = 260 //K 
p1 = 100 // kPa 
р2 = 300 // kPa 


Wdot c / mdot = (h2 - h1) 
Wdot t / mdot = (h3 - h4) 
Wdotcycle / mdot = Wdot_c / mdot - Wdot t / mdot 


аа beta = (h1 - h4) / (Wdotcycle / mdot) 
p3 = p2 
p4 = p1 
eta с = 80 // 96 ET 
eta t = eta c IT Results for n; = m = 80% 
mdot = 1 // Assume a unit mass hı = 259.9 kJ/kg 
// flow rate of 1 kg/s. h2 = 380.3 kJ/kg 
hos = 356.2 kJ/kg 
h1 = h_T("Air", Т1) h3 = 300 kJ/kg 
51 = 5 ТР("Аіг", T1, p1) h4 = 235.1 kJ/kg 
525 = 5 ҺР("Аіг", h2s, p2) has = 218.9 kJ/kg 
525 = 51 ; — 
W /m = 120.4 kJ/k 
h2 = h1 + (h2s - h1) / (eta c / 100) d 9 
h3 = h_T("Air", T3) W /m = 64.94 kJ/kg 
53 = 5 TP('Air", T3, p3) E: 
545 = s ҺР("Аіг", h4s, p4) W /т = 55.45 kJ/kg 
s4s = 53 усе 
В = 0.4471 
PLOTS: 
60 3 
50 
Е 2 
= 40 
E 30 ca. 
o 
> 20 1 
O 
E: 
10 
0 0 
80 85 90 95 100 80 85 90 95 100 
Ne = ти (%) Ne = Nt (%) 
Dis usso ! 


. As the isentropic compressor and turbine efficiencies decrease, Me. 
net work input to М yele IN eases. 
- ks bore eC cien decreases, poiut 4 on Wa accompany hq 
-S diagram moves” to he right , thereby decreasing the capacity. 
The decrease incapacchy coupled wila the \исгессе VÀ net work) 
result in a Агата oh | in coefticieut of performance : 
compared to the ideal е. Ciseutropic compression aud expansin) 
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PROBLEM 10.49 


KNOWN: The ideal Brayton refrigeration cycle of Problem 10,42 is modified 
to include areneneratwe heat exchanger. 


IND’ Determine (a) the lowest tenperature ‚ (b) the net Worle nou 
por ww mass et avc flow Се) the refrigerating capacity , 
unit mass Of air Clow, (d) the coefticiewt ef performance. 


SCHEMATIC $ OWEN DATA: à 
Heat 7, = 160 kPa, 


۱ = exchanger 7,2210 K 








5 ; 
ASSUMPTIONS “. See Exanple \O.4. '""Turbine бйрге 
Mso, ere is no heat transfer from 


We heat exchanger to its Surrowdings. 
ANALYSIS: First, fix each of Me principal Shales (Table A-22). From Ma 
Solution YO Problem 0.42, hy= 216.0 kT/ ka, \„= 31010 Tike , anel 
ha 7 310.24 kT lke. 
State 3. T,= 280k => he=280,13 kilka , Pr, = 1.0884 
State Ч. Pry = Ре» СРч (РЬ) = 0,202471 > hy 7209.24 Ы T= 204,2 - 
Stake Ы For We heat exchanger Rs imi 





0 = (n, - M) Су => hp = 240 ктк " 
Co) Seale = (hah) 4ag-hy) = 24.1 к/а Weyclel nn 
(c) The retry erahug capacity beomes 
й Qum. 





Gwe echa = 35.16 kT/kg 


(d) dab mem m a 
Моди [w 
Discussion: Comparing these results with those ef Problem 10,42, we see 
thet introducing a reamerator has reduced T signif icautly, However, 
oe i Sher — Indicates Phat Ha het worvle has 
Increased, the capaci ecreased and сое; с; L 
performance has eure deum. á The CoefFicieu ө 
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PROBLEM 10,50 


KNOWN: Reconsider the сисе. ef Problem 10.47 and include Hot the 
compressor and turbine have efficiencies of 85 aud 887o, 


respectively. 
BIND. Answer the same questions as m Problem vo, 49. 


SCHEMATIC. $ GIVEN DATA: 2 


ASSUMPTIONS : See Example 
10,5. С ا‎ — 
wams с from. _ < 
exchanger to HS Surroundings . 


ANALYSIS: First, fix each og Ме Principal states CTable A- 22). From 
the Solute to Problem to. 49 
W 2230.4 kl kg ha = 280.13 kT/kg 
hzs= 30.10 1/09 hys = 204.24 exlka © 
haz 310.24 Kl ka hy = 240 kI/kg 
State, 2 Us Lng T ее efficiency ; 
= -w 2 has-hı\ _ 
| Me = Aiit oS hash, e [Марс = 38711 Wo 
State 4 Using the tuyome e Eicieu 


ah - 
N = СЕ = hy М-и Chu- Mus) = 213.35 kT/kg 





So Ty = 213.4 K gg Тем. 
, • а 
(5) (heh, ) = (ha-hy } = 50,21 kJ/kg VL esee | v 
єс) dam = hy-hy = 26.65 kT/keg Alk 





(A) = 2.6.05 . 
МЫЗ озы 00 0 0 0 0 0 — 


| Dis uss on | Comparing these results with Mose ef Problem 10,47, we see 
Иле penalties associated with темел] ед in Wa. compressor 
turbite : increased Tmin  thereasedk net vere, decreased capacity ‚ aud) 
decreased coefficient of performance . 
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PROBLEM 


The data for Ие 
for Sample calc 


10. S| 


IT Code 


p1= 100 // kPa 
Т1 = 270 //K 
Та = 310 //K 
гр = З 

rp = p2/ p1 

p3 = p2 

T3 = 280 //K 
p4 = p1 

еїа с = .8 

eta t = eta с 
mdot 2 1 // Assume a unit mass flow rate. 


h1 = h_T("Air", T1) 

51 = $ ТР("Аіг", T1, p1) 
525 = s_hP("Air", h2s, p2) 
$25 = s1 

h2 = h1 + (h2s - h1) / eta c 
ha = һ Т("Аіг", Ta) 

h3 = һ Т("Аіг", T3) 

S3 = 5 ТР("Аіг", T3, p3) 
s4s = s_hP("Air", h4s, p4) 
545 = 53 

h4 = h3 - (h3 - 145) * eta t 
T4 = T_h(‘Air", h4) 

0 = (hb - h1) + (ha - h3) 


PLOTS 
220 
Nc = Nt = 100% 
Ne = Nt = 95% 
20 Nc = nt = 90% 
Nc = Nt = 80% 
200 
€x 
- 190 
p 
180 
170 
160 
© 
x 
3 
E 
= 
‘O c7 Tt = 95% 


Ne = Nt = 90% 
Ne = Nt = 80% 





regu wed plots ave objamed using VT, es follows . (See Problem 10.44 
br ле) i n 


Wdotcycle / mdot 7 (h2 - h1) - (h3 - h4) 
Qdotin / mdot = hb - h4 


beta 


- Qdotin / Wdotcycle 


IT Results for p/p, = 3 
and п = n = 100% 


h; = 269.9 kJ/kg 
hz = 369.9 kJ/kg 


hos = 


369.9 kJ/kg 


ha = 280 kJ/kg 
h4 = 204.2 kJ/kg 


Nas = 


204.2 kJ/kg 


ha = 310.1 kJ/kg 
hb = 239.8 kJ/kg 
T,= 204.5 К 


W 


cycl 


: /m = 24.25 kJ/kg 


а ит = 35.6 kJ/kg 
В = 1.468 


/т (kJ/kg) 


cycle 


W 


160 
140 
120 
100 
80 
60 
40 
20 





0 
з 35 4 45 5 55 6 65 7 


p2/ p: 7 Ne = т = 100% 

Ne = Nt = 95% 
Ne = Nt = 90% 
Nc = ти = 80% 






1.5 






0.5 


PROBLEM 10. 2% 


KNOWN: Air is the working fluid in a Brayton refrigeration cycle 
with a A th Neat ex changer, Data ave known at 
various locations and He ге Сеча eration capocity is q iver. 

IND Determine (A) the volumetrie Flow rate at the 
turbine vA le and СЫ) the coeCCicce V oF performance. 


SCHU € MATIC $ GIVEN DATA: Ån 205 tons 
2. 








Неаї T; = 490 R 
— 


a 





= - = 
Turbine Compressor 


ASSUMPTIONS. See Example 10.4. Also, there is no heat trams fer from 
He Neat exchanger to its Surround ngs . 


ANALYSIS First, fixeach of Mme principal states (Table A- 22€). 
State | T,2 420 R => М, = HUR But, р. = OREZ 
State 2 Pez = Pei (P24p,) = 2.44Q “> h- = 151,80 Bulb 
Stole a. Та = 50 ef => ha = 124.00 BHasth 
State 3 T, -490 °R => h,= (19.08 ён, рз = ORIS 
State m Pre = Pra Cpy / Vs) = 0.4443, => hy = 80,5 L eu tb 
stoke b For the heat exchanger, 
о= (ћь- №, ) «( ha-ha) X> Wy 7100.32 6/ Ib 
(a) Wildy Hae Qiven relrige ration capoc hy , tne air mass Clow rake ts 
Я Qu . (tS tons) 200 Beli _ | 
| bon a a РЬ A 


T (phu) CIOD- BUSTY 
ano me volumetric Clow rake at We Compressor ule t vs 





(Av), va RT _ (21.4) 3. (525. TERE (чео)'@ | ( çe „аэ (AV), 
| e (тоу Ue yur (ЧҶ м“ min 








(b) The coefficieut of performance 15 
hp - hy) _ (3,80 


sae n n a e a e 
ў І (hah) з) ST el 29.07 | 1g 
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PROBLEM Io. 5з 


ENOWN: Ke consider the cycle of Problem 10, 52, but include compressor 
and turbine effiuenctes of SS Yo cack in the analy sis. 


FIND: Answer the Same questions ag in Problem 10.52 


SCHEMATIC g GIVEN DATA: 
J 







ASSUMPTIONS’ See Example 
10.5. Also, Here Ls no heat 
trauster between the heat 
exea. ur ond Vis. sur A 


S 
ANMMSUS" First, fix COCA of We principal states Crable 4- 22€). From the 
Solution Чо Problew 10. 52 
Wo 114,69 Bus lb Му = 119.04 Bras طا‎ 
„= 151.40 tulo hus = 96. St било 
hax (14.0% Btw tb ly, = 100.52. € Vo 


State 2 Using the compressor efficiency 
Mez as => л. = + е) = (50.471 Bulb 
c | 


Mh 
State + Usa the turlowme efficiency 
ETE чэ. => hy = ha -he (ha-hus) = 84.90 du / lb 
(a) With Une given ret rig eration Capoci by pe air mass flow rate is 
„ _ aw - (15 tows 2. оо Btu (v^ = 221.4 ib 
М мау 00005-40) вЫ Cen СУУУ Е 


and we volumetric Low rate at tre Сор ressor C^ (et ts 











_ ART Gm, „(жатые (0) | 1 -25<4® — 
(AV), ~ Py т (ao) IE (ine (чч iw* a VA 








(b) _ С Мь-\ч) К (OAT 
Phu) = (hah) ^ (4228-2448) ^ 0 10 4w 


Note , the Clow rate US N C 9 We г awd Me coefficient of perfor mance 
ıs lower han im Problem 0. 52. due ko (rrevers bilities tu Wa Cownressor 


and harbine. 
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PRoRLEM 10.54 


KNOWN: Air is extracted from a maw jet ewe for cabin cooling, 
the air gasses Wrouah a Neat ex Manger ond uA e 


befove being discharged into Ha Cabin. 

IND: Determine (ay the power developed by Ma turbine and 
(o) the heat transfer rate from Ma aw passing Through 
We heat ex Manger. 


OSCURA ATLC £ GLVEN) DATA. 


| P= Z bar 
Ti =380K 





Heat transfer А 
to ambient 


nm aT am ap ow ase "e 







| Air extracted for 
cabin cooling 


—_ a « мл» м — M OR 


Auxiliary М t Auxiliary 


turbine 












Cool air 
to cabin 





3 
Ръ>.45 bar 
ASSUMPTIONS (1) Fach component is at Steady state 2) The air experiences 
no pressure drop in passing Trough Wo heat exchamger.(2) Kiùctic dud pokukal 
eW QU ekes can be neal ACH) Tha turbine Operates adiabetially : 
(5) The. air is modeled as an ideal gas, 
AN * (A) From Table А- 22. ) Wo = 320.2-A Ky («sog awd fr, = 1.7315. 
For an isemjropic €xpostev- , Pras = Prz СРР) = 0.82531. 
Имло, зз 258.67 ІК. Using the turowe efficiency 
W4 > ҮЙ Nt ( h2-has) 
= (1 *24(-15) (320.24 - 258.61) e | Lew 
(| £9)(-75) (320.2% EINE | 
= 46.2. kWa Wt 
(o) From Table k-22; h,= 380.77 kT/kg. Thus 
О = A + Ya Ch ha y 


OT Aawa M(he-W) = (1)(220.24 - 380.31) (1) 
= — 60.48 lw ; 
Qout = 6048 kWa Glad 
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PROBLEM 10.55. 


known. Air is extracted from amain jet engine for cabin cooling. 
The олг passes through a heat exchanger and dubie 
betore being discharged into He cabin. 


FIND: Delevmine(ay the power developed by the turbine ,(b) the 
isentropic turbihe efficiency , aud CC). the heat transfer 
rate from the aur passing hrdugh Wo heat exchanger. 

SCHEMATIC í CNN DATA: 


Heat transfer A Å our Р, =32 є lin” 
to ambient } Z © 
^ س‎ — б — — Th = ce О (4 










Air extracted for 


cabin cooling 
١ 


Wt gu 
Auxiliary 
> power 


i 
1! Auxiliary 
і turbine 












— \ 
m = 200 M 
Cool air MIK 
to cabin 





Ра 14 DEN 


ASSUMPTIONS: (1) Each component is at steady state. 2) The air passes 
Phrousk Иле heat exchanger wit no pressure drop. (3) kinetic and 
potential MM. effects aye negligible.) The turbine operates 
adinlotroally. (5) the our ic modeled as an ideal gas. 

ANANSIS: (A) From Table k-22€ , W2=143.47 ӨМАЛЬ amd haz 14.48 Biu/Ib, 
Thus, а. power developed Hea turbine is 


Jı 7 W “ = Vo 169 mus = BA seus wok h 
W= № Ch.: hs) (200 EA Oi (143.41 144.48) iz 2545 Вім./ | | 
м 


= 113.1 — — * 


(b) Fer am isentropic expansion ‚ pe, 52.005 and (c, Р. (P3/P) = 0,8 1114. 
رو‎ Nag = UBAY Ou Uo, ancl 
he-u 
= = e a, а nc 
WT VET = 0:741 (14.1%) 
(C) From Table A-22€ , h,= 107.13 Вул. / 0. Thin 
С) бох = ууу Ch -hz) 


koo te (102.13 - 143.47) 9 


MIA 








x 


2952 OÓta[ww ys Qo 
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PROBLEM LO. 56 


KNOWN.: Air undergoes a SH rtving refrigeration uqcle with а le nown 
compression ratio. Other data are also given for Ние cycle. 


EIND? Determine a) the heat transfer during the isothermal 
expansion per unit mass of air, (bj the net work forthe 
cycle , per unit mass of air, andcc) the coefticieut ef performance, 


SCHEMANC 8 61VEA) DATA: Р 24 











: {7 
Аѕљометіо 5: (1) The air is a closed system. (2) The compression and 
expansion are isothermal.(3) All processes аге internally reversible, , 
(4) An ideal regenerator is available to store the energy rejected during 
ocesS 3-4 to be used as the energy input during process 1-2. KS) the 
air behaves as an ideal gos.(e) Kinetic and potential everg effects are 


Liatble. 
— (A) The energy balance for process 4-1 reduces to 


Qa Ж Wa 
TAL (4) + — 


The work is calculated usq eR. 3.58 











War = ) plo = R г. Qu v 
cisci MR, WIPE NETS сг 
= Ы © = 
— kg -K Jasini kiki 


Thus Q W JT 
= > ET = 51.42 LT [leg 





(b) the work for process 2-3 is 


W ? А Vs _ [8.314 1\ a. kT 
WE NI = АТ ЎА. & (SESE) Gotu Ct) =-154.26 ш 





"и аде Pb prr = 159.20 - 51.42. = 102-84 мт lleg q Wyde/m 
C) the coeMicieut of performance is 
D _ Qu/m ے‎ 56042 1 — 

Уо Де (у 102.8 ¥ 








= . le . 
2 © бед = TEE 3 OS. 





ll Aldernabivelg, unng Eg. 6.9 
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PROGLEM 10. 57 


KNOWN: Air is the working Fluid in an Ericsson refrigeration cycle. Dodo. 
are kucww ot various locaténs. 
FIND:  Dekermineca) the heat топе for the isothermal OKPAMSIOA , 
(b) The net work per unit mass ef cor How, amd Cc) the 
Coefficieut of performauce . 


SCHEMATIC Ё GIVEN "DATA: Р / 









4 ^, | P=100 kPa 
= Tq = 270k T= 310k 





Vv p 
ASSUMPTLONS :@) Each component is Gnalyzed as a control volume at steady, 
State. (2) AU processes are internally reversible. G) The vomprecston and 
eypamsion Processes Cure isothermal. (4) Kinetic ond potential energy effects 
are neglig ible . C5) the aw loea Nes às am ideal jas, 


ANALYSIS: (a) Determine Ga, Im from am energy balance on the turbive 


— Qin Wt 
YA mM 
The turbine work ts evaluated иси Eq. b.b7 





We — - Yu E Р 
m pu *-RT, йл Ur = RT АА P 
_ [9.319 kT | _ " 
‚ *2841 олок) UA(3) = 8543 3/ L4 
Qin = $5.12 V | Guam 
WM 


(b) The Cow fessor work is waluaked Swi larly 


P. a 
Me аты -(@ шоу) = теа bl 


Wate ہے‎ We | We - 12.506 Slika Warden 
CM WM 


(c) The сое of perfor momce is 
p= — -„лф 
e 
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CHAPTER ELEVEN 


THERMODYNAMIC 
RELATIONS 


PROBLEM 11.1 


known: (00 lb of CO, ы at 2I2°F ws a 19.3-£43 cylinder. 

| Fin: Deternune Us Pv ке using Ca) TU Vatu der CYaals < $00 tom, 
Cb) Toa. Covmprescr lo lit, chart, Cc) +t. لمعك‎ JAS wo dad . 

AMALTSiS? Uf: n; а 8 (уем d ote. V = O.147 L43/ lb. 


ca.) The van der Waals Qqvotvon vs given by Eq. 7 


Y-b Уе 
From Table A- 2 Ч Е 
3 ,% ? 
a> аз + Кан = 6. ft 
Ga "^ (arco) ر‎ b= 0.686 lomol 


2 
_ ‚| © t atm г 
2 (узу ы Y (678E RN ы аге ate (e 


3 o le Y b £12 J 3 4* 
@.193 £ 440 1) – 8 att | (o3 X410) e] 


= SDahe ~«—_vaW 


Ch) Compress: bility Chart 


From Table A-IE ; 72548 98, Р. = 72.9atm. Thus, Тас 672/548 = 1-226 aud 


. 4 ¢ | Sut 
VR ~ VPe = ko 143 )(44.01) £437 lomot 1[ 72.4 atm) ]t ete Els | | petis |. ¥8 


R Te e 
T (isus zu y 78%) 


2 chart 
Then Fg. А-\ g ives fr z 0.685 => P= 44.44 atm. 
(C) With rhe sdeal gas едо on ot state 
р = RT. (1чу Дм Yvette) ) 672 - 57.76 atm — — 
v (0-143 ) 644.01) 
Discussion: Method Co), C6). suggest pressure leoaà шоола be $ 
ттк eda. , 


but ak Ht. Vaqu eud of “fra allowed range, The doo 0 Gas Wold suggests 
Te ta Parra Wout not ha Sats factory, 


PROBLEM 11.2 


® KNOWN: Ten lb of Cals has a volume of 2 aud a gressure of eoo lbfliu 2 
Еур: Determine the EM ere Av? using (a) the Vander Waals equation tb) the 
Compress loi lity chart to the ideal Gas equation of stoke , oud (d) Me 
propane tables. 


ANALYSIS: p= bt] Let — [2 2\11 44.04 طا‎ u? 
N SIS: =(00 = ML LL مس‎ | РА — d.e | _ 
itur x — n (5 E) | eT e 


(оу Wik a and b from Table А-24Е , the Vander Waals Equeturn 9 ives 























T= СРЕ VIC. ey Е: ( v~b) 
2264 (£43/lbwol) 4^ vf | 
- E 0.03 m+ "Cg Si iden sl 8.318- 1,444), teat e| haa d 
fi. tf | | Дїй: 10 
( 543 кык) 
= 720.1 °R (а) 





(b) From Table А-(Е.; Taz bb PR p. = 42.1 aim. Thus Pet 40.83/45, = 0.41, and 





" AF Pc (8.818 £47/lpwol )(42.1 Atm) [14. сь ed — 
в =: Le о р Taal U10 
fa Те abe ° = 
(sas сыгар ete "0 | ahm T" 


Then ,Vi« А-1 gives Te 21.05 > T 2314.3 °R A ND 
(C) The ideal qes equus, qvves 
کم‎ (boo ible (8.285 47/lb mol) | 144 vu 


— — 


T= т мз ——— 
€ th. lef T 
(1345 lbmel Sg) 








25403984 5°) 


QA) e*6eo л? TF = 0.2. ЛЬ . uber polehing in Тайе A- 18€, we get 
1*2615*F ауа аЙ) 
Discussiow. The answers for parts cor b) mud (A) оргеє well. the ideal gas 
value deviates signif i cautly from the others . 


1122: 


PROBLEM 1.5 
К roc ri: ооо <9 of ader Vapor fils a 23.83-w7 tank at 36o9[- 


ётгюр: € shwaie the pressure using (a) the vdeal 343 eguahon, (b) the мам der 
G2 els eque hon Fhe Resch s ROOM, esoah'on , (d) +he Cow press bi lih 
Chart (еу the steam tables, 
АА ү 1%: 
to) ideal qas equation. 
p= e = (8314/18.02 X = (633 к) l ber 


(23.31/10) ( m3 K9) 107 N fw? 








= 125.29 bar — — (о) 


( 2-5 high) 





(0) yan der Waals equation. Wih a and b Gow Table А- 24% 


. RT e. _ | (езі کے‎ 633 K) [ьан | _ 
— — mre Уз Jof м/м? 


V-v (0.42 - 06-0305) [krme] 


Со) 


м. 
5.531 bar ( мог) = 103706 har а 


` m3 в * 
© — ) Ces hag f^ ) 








where V3 V М = (233! ы: | 18er ES = 0.42 м? А 
103 AF9 gmd ke | 


(у Redivch-K wong Equation. with a and b fron Table 4-24 


. RT о. 2 (ena) үл. (42. $4 со) 
— найвы _ — one 4 bar «—— 
4 7-b ¥ (¥+b) T^ (0.41 - 0.0211) | st | (0-42 \(0.42 4 6.010) (633) 2 БЕРБ: 


C^ l Yo lugh) 
u) Compressibilihy Chart, From Table A-I) Tes 6473 Ку fee 220.4 baro Thui, Tye 03/0 
0.473. And 


у р | Qar “2107 )(zzo.3 ка DE 724 


Ne = 
R Te (ёта Bim. Y 6473 I) 





Tuen; Fgh-1 gives 220 81, so 
ет. 6.9:(125.24) = 101 4? bar —— — (8) 


р= 2. 
( مہ‎ So hig br) 


(c) Steam tables. Table А- 4 qve: 100 bar. 


Dis ос м1. Al\ buk ри Fda rr 4 مه‎ od. Suggest thet the лош re 


ооох len wi the sefe ^O. Using the Steauw tots valua ر‎ 100020, 
бо» Xho S tanderd ) + еа V&vioU- we theods Фард г bu +e Pot voi e 
percenta sea: d 


1426-0 gas? 25% lug hk 
van dw waal: 4%, bash 
[a duch- lew mg: (0°/o ba yh 
бумл Р, iby chart: LS% bart, 


(1-3 


PeOBLEM [1.4 
кошы; Wader vapor is at T= 500°C, Р 24 €3/ w3. 
FWD телка ter çure Uning (а) ба Mean 4 bles, 
Clo) the Се wpa ре; bile hy Chart, (<) th RodlL'eh — Fw ons 
) Cd ) Fhe Van dy Waals eq vafra, се) the daet جهو‎ wao 0. 











©едоае hon 
AMATI.) A+ 500°C and v= [ус g.0417 wl F9, “Steam Table data give 
20.1 lo а nS ca) 
= Фо. r ö— — —s — — — 
ati у Pe (©. 0417/1802) a aet E] 


— ( 
dcl ty echet. Tez 773 84114, Ve = 
Сю) Carper зз. hil hy che es - ; EX A 
(на ET "e ])Cot7*) 


or Vg 23.08. Thon, a ai А-1 97029 Z. 0.93. So 
(6) 


pp 2s 773b 
p= £R'&. 0.48 е 1318 ] = 795 bar Со Anw ) ي‎ 


T Coeur] 105 riar 


(су yh BUA Ewong Equator «With datn fron Tolto A24 
3 è 

(8314 ER) (777) | Meer отн | 142.54 var (si ) Ск) 

emo te ZN "Ehud СИЕ | 

(s lora On 








a. 
J -b Vse ICT ~ С w3 
* * — 0. { l — 
(0. 6417Y18.02.) оган!) — 








0.7514 fenol 
- ( (ө/о low) ui 
=- 88.0- FEY = 79.2. bar 
Cd) Aw Vow ay Ww aalt Equal. to, Th d. +. پا‎ Tole A- 24 
س ل‎ 
D (Gaia = e X773 k) { bar f. TF har (^ 
RT Е sx Е — e | те | (о. ‚ич == we 
ye Y 0.75043 „0. — SA 
Ce ol 
(4) 


= 797.35 ber Сем 1% me — — 





Суз. о. E PE E — = 9553 ber C fo eg.) 


Е е — ís) 


ar (0.047 wra ) 


1-4 


PRoBLEM IS 

Као м : CHa Flours le vate OX pipg lies ot a prussus, LF Jat, c. 
AR лл. 4, ©6°Ё, wlio voluembie forrest 4 n g?l. 

EIND: Reto nuns +t. unt Kow Asti uw. (а) Hendin $ 9» agua fon, 

th) Tr ya dy Coaalt وھ‎ ол ћ ал, Cc} tio comps se, bí th Clo t. 


SCHEMATIC F GIVEN DATA: 





CN, A ———» 
$ \ 0 


P2183 
= 5 
CRA = lt раз: 
AWALYSIS: | The mass flow rate and Volumetric flow rate ore related by 
| v + CAN) Q) 

v 

(0) Tdeal Gao Equation t 
ws RT = (1845 /o.04 Y 4f )( 516°R) 0.128 $ 
P 14-696 Y INY E 
(83 өле ) | exi PE 
quus, Eq. U) 3 ve 
voz НАЯ 2 esas ao ow 
0.128 (1 Yb 


(n) Van der Waats Equation: with a and b (voc. Ta ble А-24 Ё 
и | 
|| | — 
I p vt 


2 =>  (83atw- 
Су - 0-685) 423/lom 








. ЁТ. 
d v-b 9 2 
or 
1832 376.718 _ уа 
V- 0-68F > 
‘Using an quah m solver, Y= оН £43/ibwe{. Thus, у = F/M = (1.611/16.04) = 
олоо4 НЗ/ р » And Eq.G) eves 
— — — G 


3 
— = [o4.G ufs 
9.1064 #121 
From Table A-1€ Тег 344°R, Poe 45.854... Thus 


(с) Generalized Chart. 


LS, Ре > 4.0 


Te = 5 
E- 3a 
Tues, Fran Fig. A-2. , Z= 0.81. Accordingly 


r: 2. = > (о.8:)(0.128у: o. 1037 41? 
L partla) tb 


Finally J with Eq. (1) 
toet Ы — — te) 


— И 3f t E 
О. t037 BY Ib 


1-57 


PROBLEM HLS 
water vapor fs at 20 м РА, 400°. 
А 2 А 
V м m [сд Ue we la) Sten س‎ Dts, Ch ) Co pas ff: bitty Choy ec) 
/ 








EMowr: 
F WD: 
Red! eb - E wang esuat' a, Cd ) Vou. dy Waal 24 ча h'm, (е) (dane و‎ оэ لولم‎ 
AWALYSIS: Са) Sdeaw Tabteo. Tab A- + д ues, Wt 0.00494 w3[kg, -A— — ta) 
Ch) Co ase rte A, Cou d. Got Pe Te Pre Tet A-| 
. 673 - ZO 
Te: LE = O = 22 20.21. R A- 
Р ve 1.04, Pe — о.а Sus» ( qr Za 0.65. Тик 
Az ZRT 2 0.6% (esis[ig.o2) ы > 673 le 2 0.010] m [rs wA. — C6) 
оосо Miu 
————— M—9 
(e) 





P 
0.0155 "3 ica 


wit. a,b fre Tes A-24 

















cc) Rea dleh-Kwony Equa thm. 
= ۹ | 
ps ERES ик су дообағ = (8 3140 (6730) l bar [42.54 bar 
— lo уб —— А iw è 
М у аът Су- 0.021 ) м? — u ۷ (I 0.02111673) = 
мо і 
ос 
200 = 25.453 _ = 5:976 ; Laing ал equotim solver, YF 2 О.І йи / knee . 
CY ~ о °з) ү (ў+о.ом!) 
= v= 0.18 wl ممما‎ . 0. 60444 w [ies — — Cc) 
18«ox- ع | وج‎ v 
(4) Van de Waals Epuahm- Wit а, e fru. Table A-24 
31 7 ; 
P= RT -~& з, 2oober = @si¢X 673) — - — 
V -b Vo CV- 0.0305) 12 vt 
or 
9.007 55.953  . 5:591 Using an equahm solver, v Q. | gpm T] lemet. 
vc 0.9305 ў 2 i 





6.601032. ^ 


o.i „n 
kS 


> ү = 
Cave quon kg e Cal لە تەلىب‎ Vatas width ths S bea ty THR, доо oJ-T ر‎ 





"Distass ten * 
co vea s 0E МЧ Chet ^ 2% bd حا‎ 
Radtich - Кипа equahun ~ AW high 
va. dv Waals aah n~ V 4%y wg 
м e Wage 


(Чә sto ايتا‎ 


1-6 


PRoBLGmM U' 


KNOWN: А wessel whore volume c Lm? Contains 4+ kemo | of Cet q at (00%. 
Есю. Estee pua [2-0 Ssure US ne (a) {ts i dant soo Vrai А ر‎ (ө) tcs. 
аса — Соима eqos e, cc) des BVenedéct- Webob~ Retin eṣ vua h'n, 


ANT: (a) Tdask Gao Model 








zo ÈT (e314 M. Y 373K 
d = S Чаа 220 idi Е? 24.040 ш (а) 
Cam3/4rmot) [lot 





(o) Readbich-lcwong. Ww dab fran тА, ۸-2 

















ты 8314 died 373k Loar 42.01 bar 
pa Гы — Е өз ere Хэт) ult x em 
Cu v (C r а а А ма! e Mim 0.25 (0-294 0:02 961 (373 
(0.2s- о. ogor), 
2 («0.74 = 23-782 116. о bar 4 —— — (o) 
Gy — Ren@dict-webb- Robin. itn data duc Tet ИА 
= 8 = v _ <= 
NOE E: pee AA . = i+ 2 ) ex 9 
p. ET, [BRT A ل‎ ve are | yey Pe 


Y 





3 
. fo. 683 Ом M3 237 
P7 ( rt 73k) А [о.о4го0) (0-08 214) (273 ) - |. 8796 — PE on о-у) 
оъ Ул 3[ич- 


-4 
(0:08314)(373)— 0.0501 ©. ose Miza xd T 


dune — 


(ө.25)3 


+ (2.579 ж/о?) | + 0.0060, ) ex p ( — 0.0060 o eoe?) 
(ө-27)2(373)> lo. Vas (0. 
сс) 

0.08 + LIB = 117.18 bar <———————— 


84.04 -. 57 + 3:50 Ы 


— 
— 


The مالع‎ -l wong aud Benedict-Webb- Rubin 04 оа fos 
Using Pe and Te 


‘Dis wssi on: 
suggest thd tr pusiusre to € hs Sofa range. 


Се ол. THA A-| ) 
fg = {20 ber -2.59 : TR = 373K A 1.9 S pert(a) 


46.9 bar IK gue: 
gT/y = (.46)(124.0¥) bar = 


R4ure А-2. gives 2.2,0.96, and SO p= 2 
119.1 boar, wack algo ui dva Safe range 


W-Z 


PROBLEM 1l. 


kEe»ocn: A to- wl tank Can tains 


CHa at 100 atm and - 18°С. 


De mass Contained Ww th. tanic Waa ny Ca) the г daat 


F (5; 
e es vestit, C^») [t van de^ U- aat; €) ое him, bn. Benedict. wehh- 
uta 24 vahm, 
АА ттге: (a) Ddont Gos Medu 
=, REI. (#34 и \(25ук) eae 
= p Ee у. = O. 20 4 = е 
Goo ten |i ois Тата] 
2 
V- V (© м? б (a) 
ws V МЕ lec ES > 707.569 هه‎ 


(ө ) М ~ Ф Waals egvation. سا‎ dw. de ta ол "Tote A- 24 


RT ~ 2 => }.o1r3seryso = = C314 EX KTE) - 2.243 Kod Put 
ES we — 
v (¥-0.0428) (3 | э 
Uains an e4u« to solver, Vu 0.14 m3] kmol. | 
N- O. 





Cc) Benedvct ~ We 6b - Rubin © ua fin, UH data Gn 740. A- 24 


0.08314) (ass | _ _ @187)(65) 
(с ) ) " us 08314)(253) - 1.8796 — 4 


01.32.5 bar > = 
AT — 
[©. воззе)со.озч 255) -o оғо] " @ ose) Ciz X 00) 
коте uS m 
y3 5 
2 
У о. оосо \ . =, Bese 
2.579 XLO (+ I | exp 1006 ) 
v8 lasst Y = 
sine an equation solver, Y 20.144 wá | киле. 
8 c аА. сс 
ы > w= NM 2 (ro у( Ja 1016.8 9 
+ o.14 1 


1. Witt pe, Te fru Tole А-\ 





w m 
Р 2 [оо а - 9 1% R= 
R as. ate í 141 E 
VEE N . А 


(0.20%) = 0.15 w leet 

(o (16.04) 069.39‏ ی 
QV4& » 22 witha the result d poet te), oe‏ 
H-8‏ 


2 2RT. 0-72 


PROBLEM 11.9 








kwowN: 105 kg of CHa о at 200 atm, 400K 
Fino: Using Tee Cenedisct-Wwebb-ltubin a. (е tru. Fo Әсил vd, 
Cowpea Co t سا‎ The ^ua wht оь ferned feo ttre dnt 5 مه‎ nme ft لمح‎ 
МА кайла fs Bil l4 Chant: 
ANALYSIS With the deal gas eguaton of state 
"ES т. - @ъ+ Vm м.м У оок) _ = 0.164 S 
oo — ].0133$ X109 "Jat | е 
Twas, — 
Мз м. м e. Qo seg \( ©. Ilo $ wad] eene) _ ьа wr — ^+, 
M (16.04 s/c ne) 
— Te, Pe from Table А-1, Tr: 400/Ла 2.2.0, PR = 200/45.5 : 4.37 Then, Ке А- 2. 
Gives 720.98. Thus 
" ? 
v: 2 ВТ. оаег(о.164): Otel v 
e kme} 
So = 3 Coupresssbilit chert 
үз BE. Gos owed. есм 
p (16.04) 
With conitanit from Table A-24 and Rz 0.06314 bar. m? euet. к, Є; п. 1... 
Gi vot with P= Сооу( 1.0152ү) = 2.07.65 bar 
р = RT. [5&T-4- € с] Rt RTI). а „ 
ү 


c ^€ B 
vs ppt si) expl- 2 z.) 


202.65 = (6.083(* )(469) | (0.04260 }(0.083N X400) - 1.8796 


| - 2. 270 ] d + 
F | (460) * v 
[(s:6033$)(o. 03) 069 —0-0$0 | ] à (o-osoi) (V xo" *) > 
E a ae 
V 

2.574 x107 (1+ o: 22060 ) ex p ( - ё: m 

v 33 (aoo)? 1 

-j 0.0060 0.0060 
V di v* vs уе —— ee 


73 
وہ مدا‎ an едоаћ о Sol et, V = 0.1%] wis] коле, ving Ve к. 


—— — — —— —. 


D irw ser a e The G-Uw R 29 оо im and Секо Б Chat м abuse AYER 
Sien — 270.48 , tre Ade gar Valor 9 مم‎ А Acre, <р pron илал. 
б> weal. 
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PROBLEM 11.10 


KNowN: А rigid tane contains | و‎ ef O4 at Р = 40 ber, T, Zigok. The 
Jas її cooled do ^ final State where Тус 130K. 
Fro: Determine the tank Volume and pz Vang (4) the Чех! gai eq ua Нои, 


Co) the Пес! ~ =k wong eq va h'on › Ce) the Compressibrl, ‘ty chart. 
SCHEMA TIC г GIVEN DATA: 


{> 40 ber, Ti = 1 BOK 
T2 *I50K 





ASSUMPTION: Ах Chown in the эсе OM pany "ид figure, the о, f taken as the 
| Sy CH. 
ANALYSIS: (a) Td eal Gat. The ades\ $61 eq va ох of State gives 


e o mVRT. o (kii Ê iso) . s ахи m 
Р (ех / ™) | 


Ce) 
Since V rs constant 


— УР T ISO | _ 
— > T > => Re FR = тар (40 bar) = 33,33 bar 





| — : 
(b) Redlich- Kwong. With value: for a and b from Table A-24 and Rs 0.0931N ber 


Enel K 
„3 
RT oogst S вок) _ 17.22 


z Е о 2) 40 баг = te 
б х -b ў GSC ыы (7, - оомат) [^l VIC + ena) C180) 
Simplifying доз 144661 = 1288s Tn 


F,- 002441 "4 C4 0.021497) 


Since elt) is implicit m Vi, an iterative Solution is requived if tHe result is 
man using hamd calcutations. Alternatively y ФАА equctton -Solver suchas 
Үт COM be ud The vesult is У 20.2615 wI kmol. Thus 


mv 
М = му, = ra = 20-50155 24.422 x107? m? _ Ф) 


To tind p, write ,using У. 
Р. = E 2 — m bn (0.09834 CISC) _ 11.22. 
-bT ORE руст, > (0.3015- 0.02147) (0.3015)C2055 oz) (so) 2 


= 20.2 bar 
(€) Cow pressi bility Chart. With Te end e fren Table А - 1 
Ctr), = B/s * 1.169, (Рк), = 49/seprc 0.747. 
Then Fig. A-\ gives - N22 . Thus | 
= (Vx), Се) ml GY er) UNE) = 9666 X ٠ 


SoS wios M/m? 
According ly y Ve WA Vi z 4. lo b lo X{ O 3 WA? "———— <. 


Te fh $4 , use Va 4 * Vey avd Та. = 150/154=0.47 to locate slate z ow 
Бла. À-V, giving РА $ 0.6. Accordingly р. p, Pee = (S0.5)(0.6)2 30.3 bar. 


(1-10 


PROBLEM litl 
Known: One lb ef aw intially at Vis 0.4 fF aud loco Баз expands ish er walls 











Uu Taz Z HŽ 
EOD: Us ag the Van - Waals equation of state ,defermike (a) Т, (b p, , 
Aud АН the w 
SCHEMRTIC $ GIVEN DATA: A204 f£ 
| . 2 
ASSUMPTILOA)S : U) The closed system | И = € 
Comsists of 1 lb o€ aic, C2) The expausion | Vl 2 # 
takes place without irreverstbi lites. | 
(3) the aur is modeled ри the Van der 
Waals equation of- cde. 
еб dues (0.4 475/2844 Ubs - ses tt. — (2.) (28.41) е 5744 2. 
ДАМ MALY SIS : 07 ( 1 Mo) (38 се. 2 - i. tb mol ) 2. Ci у меј 
211000 TAS Гид la |^ 0 
R*( a) celeber 68.05 ah 
aha 442 


(ay With cows huts from Table A-24€ ond Ё 2013 7 e lomo. R 


cs je (1,598 - o. s86) #7/|bmot T ux 
ам. (+? | 
^A, (033 — z | 


= 1064.3 R ا ا و و‎ ASEE 


дє — | 


T- b 
E a 
(11.388 (2/1) 
T, 


(b) SiAce Т, = T, 
a _ лз 6104.3 345  . 8.95 aw. 
Ау, (1.588 - 0.586) 11.588 ° ibd 


p,= 68.65 ate) | e Peat] = looo Ela RR 
(c) The work can — evaluated from 
2. — i 
wef pawen | [RE - AJA = n jar (ЖЬ \+« (¢ g) 


Tuus 
W. | A86 (1064.3 € | ou ( 57.14 ~0.5 86 
(| Moo "E ) $e 1.568 – 0.586 


atm 4? |! l 4.ьаь ыйы | 1 BA | 144 ine 
+ Ваз TO [97347 ege || —a cem аль wiel Бе T 


23425,2 Brultbmol 
PEARL 


ib 
Gal — 


S R Tz. 
i= ON S 











(3425,2. DW. - WwW 
ed 8.2 Ва 


ТЫ 


PROBLEM 11,12. 
and without ivreersibil tes Low 


KNOWN : Wa ler Vapor expands отера 
egvat’ on of state as specified, 


240°C, | M Pa t O, Í M FP. , А tuncated ana 
EIND: De ternuaune de work. 


T=240°C B Ке 
Р, = | M Pa. v 
Py = О. { M Pa 





ASSOMPTOONS! (0) The water Vapor is the closed Sy ste us. (2) The Process ғ 


ISO thermas CO cte vo icgevovscbi l/ hes. (3) Valo e Change ig the only Work 


мло da. (4) "The p-v-T relafion сє given by the toucated virial Serre above 


ANALTSIS * The work vs q ven by 
VL 
Wa pdv 
TS 
Then , tw s Tr. 
LEG сї) 
pv + BLES => P- кт (2+2 + &) 
RT V WS 
; Cot i, -2 | 
wo- و‎ - 2 (ii дз 1 
Y^ 


` x ; EY, 
whave о Table А-4, Ujs 0.2275 Wilkes, Ves R3 r$ IF © 


The coe f Hove міз B,C can be оме lu. ded Ж АШУ, Seata table — 2 eft 5 
Uu 
= Et z-l)y= gecClv 
Zz Š ec m (z-1) ) 
and slope, respect vel ) of 0 p i^t of (-i)v 


(D was, B and C ave the intercept | 
К (v). The out come "b dU s procede US 1n $ с Ҹелил tahle dete Сї 


B= – 84.0% 5% wiles, C = 2516 ен 


ag Can he v ex (ved by MS ng Tg. С) +o clock steam Table pressure values af 240C, 








Calcola Ne 5 
SILA x3 : | 2.114 84 [L Е х0 д2 jes з 
w. (B4 Sonne) (Gase. lh o] ta Later etd 
- 545.6 kJ 





|l. The use of ` apr pr боа, conn ose Sof T occ. fecldXeo thi, & eo^ 
Alternatively table date can he plotied b4 hand у and +t 


Vo. Llus N B and C de tay nava d г 


1-12. 


PROBLEM 11.13 


The Compress brits fre tor = Can be expressed in the forms 


KNOWN: 
= 1+ В(Т) pe € (7) p^ 4 B(T) pres: (3.24) 
z:i4 BOO. CON, DD е 
۷ ve vs (3.30) 
Рә: Show that 





В - B/RT ; ёз (C-B?) /#*т* 


ANALYSIS! With Zs pV/RT, Еа. 52.20 qies 


=q STB RC atone, 
Ps = + s bi v5 








Trserivng tris into ба. 3.294 
* 
af RT (RTP, RTC, АГ RT . RTB 
posa eI e e re J 
^ — 3. 
- RT, BRTB+ CCRU , .... 
i v : y> terms in V3 or higher 
Comparing thas to sth Є 4: 3.30 
B-GRT > B B/RT PON 
and — — y Е 
& RTB + ССТ) = CC 
* (ъ утв + cg» CCT) . 
j 21) € = ccr) ~ Cacr)) 
Ф Bra CCRT): ССТ) sy —— 





|l. This procedure Can ke Con bed. Ù ob tera €¥ pressions fer € and wig her terms 





PROBLEM 11.14- 


KNOWN: The van der Waals equation ex pressed ra terms of = is 


> NMR’ _ 27/64 
oo Tr Vie” 
ve - 18 s serves in Pa. (©) Dropping 


7 : 

i { . e| serves in VA, (b) as a virial і 
эш — ат ДА ion ef роге Сб); obtain an approximate farey and а 

. Compare with data Tr OU 

AmALYTSIS: (a) The term 1 /(ук- 16) Can be wv пеи А? а \` жегдд ге. . 


— 204 ل جل ې‎ bos 
(Veg) T Vw 8%) (руху)? ~ 
According ly 
2 А aus + us EN "TM ص‎ 27/64 
Zz: Ve | ve өсөк) gg ] Tk ve^ 


А L 27/6047 L ېړ‎ uu | 
\ ~ [ & Tg. Vp (8 W 2 a (VR y? end 
m'g her 
Tiss vs the derved form’? 


B C. (a) 
> t+ — Ф — qe © 
2 VR бк“ 


Sevres in fe Was the То». 


Cb) A virial 
\+ BID Pee EO) (i 


7. = 


Wiin Wa Pe VK (Tr, the Result of pert (а) becomes 


11-13, 


PROBLEM 11.14 C Continued) 


Fave 2 pa ( H-A] L d e 
ae | L 6 “Tr Jw (BR) 
or 


Pez R gef] "c APTUS 
ме“ " L : Te J(wO* (УКУ 
T&serto4 this into the sevces m PR 


A 2. 
A TR — 27/64 TR 4 TR e] -b C | Tr we Ltt 3 
2. = 14 А Ve" + [ 6 — (Ve y" (8 уур) ж" 


A ack ~ 144] + êR“ 
= | + BR + ea zen | deste 
VR berms tn Ve y or 


(уа) 
basher 
Com paring thes with the result of part (4) 
A A. 27/64 A _ af t ~27/64 
5т= [27] > Bele x] 


4 Aphan d. 2227/0472 Aer L 
f [5-07] СТЕ ge mA [$ тС] tems уь 
_ fi _ 17/64 ыш ub. 
=) € «|r CE і lg» 


Co) The serves obtained œ part (6) has ihe formo 
^ „М [A 
&= 1+ B Po + C (Pe) + vee 
— o 
= Terms ти (Pa) (fe) — 
‘Droppings lev vas Len моіи: uus ( Pg) and base к 
A 
Z2\+ В Pe 
бү 


| do. 27/64 Р» 
Peele I 


Je 
(d) Caletas n Compross: hili hy factors РЙ معہ مہا‎ UAE 4, port 
(D (с) an d 


CY و‎ them corde Молжо ol wed frem AC 
Uere hure , 4 veti dh, Can © Чез кл ved. 


This 
procedure J mdi cated о g tthe follow ^j Sketch s 
| Reanim of validity 







Linear expression 
со tained in Par 











Sepia. s 


LO x TR € 2.0 





f 


l- See, fv example, R.C. Рега 


and Tk Sherwood, The Proper tres of Gases aud 
Liqucds у and ed.) MeGraw-lh ll, New York j} i266 , pe. S87- 595. 
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PROBLEM HIS 


KNOWN: The Berthelot 


RT 


p= 
v-b 


ётгюр: 


equation of state has the form 


о. 
тут 


(a) Using Eqs. 11.3 evaluate anand b v4 — of Te and Pe, Cb) 


Exprese the equation in terms of Z i TR, and VR. 


AN ALTSIS: Ca) 








D, fferenh ating 


(ap) = - ET. + 2% 
9v/Tt (G-* туа 
At the crrh cal point : бр/зу)т = о. Thus 
— ge + کے‎ 20 = c EX t. 2. (<c <b) = C1) 
(e-v Y Te Ve? 
Dif fevenha tng 
^ = 
эр ) + 2871 XS 
$. К Сў-ь)3 Ty * 
At the cr teal | pout: (o*p/s$* Yy 20. Thus 
2. & Te - e. 20 =? aR Te Ve ~ 62. (Ve -ь) = © C2 ) 
pe TR 
At the сег теа! pont: 
р. = ЁТ کہ‎ 
- Ve-b тү (3) 


Combining CI) and (2), bs Ve/s., 


-RTe Ve + ra ( Ve - X) =o => 


Tater hing lure into Eq. Ci) 


— e. == 
as AR Te ve. /8 


Inserting +he expressions for a and O into E4: (3), Срем ёг. ^) = 3/8 — 


. 3 RTe . Qual 
V > — — wa 
С" Ф Б. د‎ 


at айт ът |. 





(o) with Z= Р/В Т 
=== - о. 
v m NEL. — 
e = Y-b RT*V 
or 
7 | 
= ETRE 
78 ( Fe] 
Thus e 
7 = VR 
- 2 
ч. 


27/64 
Ve Tr 


2.3 т 
27 RE ‚т —— (а) 
¢ fe = 


and the above expressions for a and b 


TO _ Cel RA) 
v-[Ex RT el]. КТЕР 


_ (264 RI) 


Tr 


— —— CO) 


2 
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PROBLEM О 


KNOWN: The Beathe — Bridgeman equation of state can be expressed as 


. RT(-€E)(v«B) _ А 
pue ae ты 


where 
А-А. (0-2%) , 8= Во(1- 5) > €7 Hs 


Fu Express the equation in terms ot Fr, TR, VR and dimeusronless constants, 


ANALYSIS: With T= Тете ) P= Fr Р. ) ond y= VR(R Tef Pe); the esvation becomes 


Ра Pe = RTT l- EVR ЕТА +8) _ А : 
(va^) * C RTe/ pc) - (VRY CRTI Pe) 


where 





b ent, 
A = A, (— —Z cr j Bie Bal ve (Rte) ) O VETE (RTM) Te) 


De Кие the following dimensionless quouhies 


s a. b> „Р e т.е 

02 RA ° RTel Pe ^7 RTII 
B 
= А ^. 89 — А. B 

ho? тч ° Po * тер, mre Pe 7 are Pe 
"The wv p 
| a ⸗ 2 L5. e = = 
АД‘ = Ae ( ym v } = В, ( l =) д VR TR? 


О ром. Simptification, tre equa Мом of chate becomes 


RT a те. 1-е) Сук а E 
Pe (m Y (ed Pe) 


Fe * Р. (T/A) (Ve-)* 
ov 
“ta С\-е)сук +87) 5 A! 
% = Ve у- (уе а 


whitu vs the required result. 








PROBLEM 11.17 


KNOWN: The Direterrer bow of state is 


ET p (<= 
P= ) * 





rn terms of Te and Pe using Eqs. 3. lø) Express 


Eid: (Evaluate о. and b 
of 7, TR, аҹ Vp, (€) Convert tee retultof perf 


the eq aon tn terme 
(b) into е. Virva? Series an МА”, 


©. {++ ng Tus са. س‎ ha Aso pet ot tov ر‎ we set 


2l - RT. амр (^ m (E m "CS 55) | | =.) 


Am ALTSIS: (a) 


Cv -)* 
2 57 ~ = S. -= 
оъ) "M RW ) ` v^(v-b) — *) е: 


— - 2. \ _ 
GE, e expl gv) T petva pU) 
v 


-2b — © — 
a QG verb ) exp ( Em) + = exp! RT (2) 
Vi(v-bi\® RTV v-b 
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PROBLEM 114% (Сом d) 


уум. Qr/av), =O at +he ev? m col porn, Gq.) 4 ve: 





E R Te RTe (ку 
о= ب س‎ xm а= {ср G) 
(ve~b ) v⸗ eb 


Фр), 20 at the ari heel pout, Eq. 07 Je‏ ا 


02 ZR 


a als ve- ) EN о сє.) 
(ус- у Ve (Veh) 7 у> (ve -h ) RTe Ve 


Tuserting C 4.(3) into €4. C4] and Simplifying, 


b М /2. Thus, a z 2.07 Ve, 
At the cri Кл! qot ر‎ the ерон Ко of state reads 


. Rte ~ v RT _ 2. теке. 
е Ve-b exp ( eve )* (v l 


c zc dad, 
"m Ye) exp Eu) 
2. 
vez 2RT/ Re, giving 








Upon ла duction 


t 


2. — 
бе 4h te , b= Rie 
Pc e fer 





(ру With the Aven 2а оа фол 


siete, فاج‎ Ata ААТ OF, porto), 
and T= TR Te, V=VERTe/Pe , we qet 


vo. у io. 
m ^ vo CP ev) 


4 


ART 
АИА oe p (- — ) 
(ve вте [Pe - Te ee Rete) ve RT/R 





2 


NETT Sr ) RR (в) 
желе] Ure 


CC) The term iJ Cv - Ver) 


ue uh —‏ ل 
Va“ ег. Ve" Ы е (vg)* Ы‏ 


Can las шыг hen as 


T ee ree 
еу)? 


The exponen hat derm ca. Alto be wr, Hea as a Serres, Collecting 
results and reduced to read 


Bc amo d саа е "VEU 
e al Ta у” e TR. i | Gey * 
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PROBLEM 11.18 


KNOWN: "The Peng - Robinson eq vahou ef State is Specs fred. 
Cvatoate the Constants a) bj} С jin terms of Pe, Te, Ze, Using C45, 11,3 
AWALYT SIS: Evaluating tha Pens ~ Ro hiasm es vahon Z State atthe сису сел 
Point and so 245. 113 Gives + Ke following three Expres sion dJ 








Ct 
Ve~ b wr = C= ) 


-RRK Ра “La Ve 


— ee, О с) 
Сме. - o > СА и 

za 
ART. , — aa(w-€) — Вах = (3) 
e-v y Cv- c>)? 


Җ | | Р 
Solving those Hi press ons я 





а= BR = Bile Ze 4) 
0 RT 
pe BD RTE 4 Wes Ld &) 
zs 
2 72. & Р. Ус. "m ран Vo 8Z--3 | С ) 
ст Ve. [ “ATC 3 | [ 


GS can be veri(ve dá by Subs Xe voa Ant GZS (()-€3) and reduction 


of + he лаза (ид €x pression ў - 


| е To 
l. Note le When c 23/76 ) Goes. (HS) ieu 
Eqs. (11: 4а) 4b) з "espe ctive ly, The еўоаћои of state yedvcrs 
van deyr Waals 2e ej v^ Hon. 
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PROBLEM 11.19 


KNOWIN . The Carn han - S tar ling — De San h's es vah ou of State (S Provided, 
together with Values ef t^e constants in the eguation for tho 
CAGES 3 [Re brise rant [2 and !3. 

FIND: Spee fy whieh of the fun refrigerants wouid atloco- +ha 
pet; AO ee ow wass to be shred cx a lo- m? yersel at б. 2M Ра, 
OC. De fernune f maiS. 


ANALYSIS, 


For the case f RI using the values of the Constanti provided , 


| Й — 
b= (0.15372) + Cl.g4143 xió 4 (353) + (-5.02 4€ X10 щй слу 


MM 3 
= $.2 463 x10 ^ — = 9.2463 yo M 


"^oi kmo | 





T4 ; 72783 (353) ) 
(3.52412 x 0° ) exp ((- 2.772 3K/0 Хз 3) 61-0, 6731 8× 





| ty е 
s НЕ SAS „сута ө т — a 
Gawi) > (ке) 


dua Sex ^4 Values nO the ‚ща огл d " tate 





+4 7 j 2179 X 10° Х.м" 
puri © le Rte —— 
(fne 3L Y6) co (Gia JOE) + tator) а, 


where P = 8.2463 xLis 4. v. 


Using an © «| oed ом. Solver, Lane gat vy = 14. 21 im 3 eret. Theu, 
wita М2 120.9 fer RI, 


v= l&2l . олг wiles 
(20.42. 


Тос: оола vo Cortos 1% of the valau obtained from te |’ rele) vz О. ПӘ 
“|е. : 


Sim lwh, E EIS „б the Same S hU, V= 0-۰391 aS] ке. Tu, 
a. n لیو‎ — EUG Cer оч Stored. 


3 
mM ~ NM ы Loe. = 41.64 E4 


"m ANE. کچ‎ — — 
F "e 








For ETR RID d: RIS dada Can be obtuned fro C. Borgnakke and R.E. Sonntag, 
The rne dn rane Aud Transport Proper hes, Wiley, NewYork , 19347, Tables B12, 5.13 
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PROBLEM 11.20 


KNOWN? Two expressions for dp in terms of V амат are Provided. 
Fed: Determine wirch of the +wo expressrons is the differential of 


an £«qualto of state: p= рс Т) j and obfarn the Cg uah'dn, 
AMACT IS: For аке hrs of +he two eqguah ons, let 


2 
М = 2tv-b) А N= Cv-5 
RT RT 


BA Ades (s the di Here tl of an eq va tion of State, +he test for exactuest 
moust be sant fred: 9M/3T), = ow/ay)Tr. Checking 


3€ N . 22 v-b N\ К 
2), = ure? 5)* 26-0 


As these are uneg val J the first Expression giren Cannot be the d. Hereuhal of an 
eguaton ef state. 


For tue Se cond of the huo equa ont, Act 


coy ! V-6 


Applying the bert for exacte est? (9M/aT)v = — R/ty-j* , (QN/av)7 = =R / Cvb) As these 
are equal , a некон руьр(туу} exists fer which the fecond differenk'al 
form 5 the exact d.Cf акем tio! . Te obten the function , wete 


а» GRAY + GE 


Comparing Ww: th +e given diffevenk a | fov u. 


(a£). -RI CA = Е 
vite Tuus 1 Vr)" vb 
Inte rating the second of these 
> RT + f£ (v) 

vV- b -st 

In Serting this decl pai into the fies gives 
TAP. +47 = - РТ => df. = а 
ceording|y, +he е qua fi ماه‎ of State has the ferc: p бу-ьу 
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PROBLEM 11.21 


KNOWN : Si = dU pdV 


Find: Use the Given ex Press ron together wrth the test for exactness te 
dewoustrate that Vint, rs not e Property | 


ASSUMP TION: A Sive ple. Compressible Sys ten of fixed mass ($ under considevatron. 


AMALYSIS: For a сере Cowpresnble systur of fixed mass, UU (V,T). 
The d.fferenwal ef this г: 


-Ru иу ду = MdT+ NAV 
dw (=), éTA ( 3E), 4 | C1) 
As "U V, and T are properties, this is an exact differentral. Applying the test for 
exaci ness: 
Qu = f(t 
2\@ ae 3* v kdy “7 
м м 


Tnserhing Єз.) ги to tue 9 iven expresiron Sor SQ int 


Os; Cx) dT + Qtr) av + рау 
- (347 (2), Р | = T 


1; б.а f a property ) the last expression would bo an exact differentvot: 
Applying the test for exactwecs to €5-(3) 


2W 
ме 687, د‎ B= МУЛ 
N = о), + RS ём) = 2 5) 7, = 3e 
Accordingly x ^p 
= U 
быу EL HEL ARPI OD. 
equal by Єл. (2) 
Using Eq: (2) rn tts , as indicated the test for exactness rs satis fed only 


ven b 
D Ed 


ldow ever, yefeveunsee Ù Кз. Int shows that tics expression 14 vet generaily 
заме T4 can be Concluded therefore thar the test For exacher/ 

іс wot sahe fied and Qut Cannot ње a Property - The оге ef the Tow bo | 
6 with бога is to Signal this fact. 


مسل 


1۱-2 | 


PROBLEM 11. 22- 


єюошм:; Au equatton of state has the form p= (RT/cv-o)]+ а. 
Беор: Show that Es. ille s Satrs fred. 
ANALYSIS:  &4. (06. Vas the form 


Pix Vi ر۷‎ 2: T ر‎ then 
(5 "i (се 
(x: GL) 
e (35 T 


Using the equation of state, @P/3Ì r5 туву 


Ct) 
Solving, 





Tdenhfying 


ve ot EL => 


p-a. 


v 


| 


rd 


Je” — =a h" vb e) 


y 


Solving 
T2 CP-eYKv-5) a эт \. v-b 
R rely R 
were 60-639), Eg- Ue totes the foru. 
2) [әт (2e _ [ya veb\(- 22 yee 
ОЛЕ? 2) = ү = )( Cv-b)~ 


Tw, Cl is satis fied, 


(3) 


PROBLEM 11.23 


EN OWN, 
FIND : 


©- х (у, w) / у Уу (ж, w), *zZ(x,w): 
Show that 


ЗЕ.) SUA, 7! 


AwALTSIS Forming differentials 


x= (Gt), tv GED 9" 
dy. (22). 4% + (22) dw 
42 (ez). dx + (22), is (3) 


Replacing dy fw Eq. c with Eq-(2), and then replacing dz ги the егы! мд ex pres sron 


С) 


(2) 


by Eq-(2): 


w (8), [8.5 +B] Bee = Sl” «(85,89). 82)» 
- fx), 62) (n. RA] + (60.58), hs] 
- (ысу) В. е + ВОВЕ), + GR) + Gs 


Qn tearrang ement 


(i-e фа), ВД = С 65.62, 6), є EMMEDE DALE 


Since ve and w are independent, Weld W constant and vary X. Tut is, dW=0 and dx x 0. 





"ppp Maece» AN GOGN 
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PROBLEM 1124 — 
KNOWN: 


2) = -(33 01.35) 

Tip ` 3). PED mE icc 
FIND: Using Eq. 13S) у checke the салла Fen с of Ca) the oer tobles 
озм 2 MPa, 400°C, Co) the RIBta tapies at 2 bar) 50 Qs. 





0 AvkLrsI$: We select ~ و‎ cok | & p paoa An here. Ca) USING da حا‎ 


T= 400 °C 





400 440 боо 
T сес) 


320 360 





From the v vs. Т plot, et 400°C 
N) = O25K we 
Ga Е 0.25 Kio Kg “К 


| м? .2.4 
From аме s vt P plot, — 3 мм) ДЕ a 0-244 
™ 


c <= 


b. 11.35. 
These Values are in food ogtecmenl, as required P5 


(ь) Using da Li. ү ола. Table A-iZ 
iiid © 


i43 
{12 
Gil 


i.i 





20 40 50 & 70 L4 if 2.0 2.4 
T (°c) p Car? ) 


From XY. V VS. T plot, ot SOC. | 
-á соб 
QU C VIO к-С | 
E P M — ‘Tn acceler wi — 
Eg: ii 37, Tos da to 


Q-— C — 


Fin the Tove р ptet, e bar 


- 3 
(S) & 445K 10" lI · K 
Op IT 
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PROBLEM 11.24 СС.) 


An allernatwe Solum using IT follows : 


ІТ Code - part (а) 


// (a) steam at 2 MPa, 400°C 

р = 2000 // kPa 

Т= 400 //°C 

ат = 0.001 

ар = 0.001 

T1=T-dT 

T2=T+dT 

p1 =p-dp 

p2 = p + dp 

vi = у РТ("Маїег/Ѕіеат", p, T1) 
v2 = v PT(Water/Steam", p, T2) 
dvdT а = (v2-v1)/(T2- T1) 

51 =s_PT("Water/Steam", p1, T) 
52 = 5 PT('Water/Steam", p2, Т) 
dsdp = (52 - 51) / (p2 - p1) 


ІТ Results - part (a) 


(2у/0Т), = 0.2491 x 10° m*/kgK - 


(д5/др)т = - 0.2492 x 10? m?/kg:-K 


IT Code - part (b) 


(b) R-134a at 2 bar, 50°C 

p р = 200 // kPa 

T b250 //*C 

у= ү РТ("К1З4А", p b, T b) 

T1 bz2T b-dT 

T2 b2T b*dT 

pí b2p b-dp 

p2_b = p_b + dp 

v1_b = у РТ("К1З4А", p b, T1. b) 
v2_b = у РТ("К1З4А", p b, T2 b) 
dvdT bz (v2 b- v1 b)/(T2 b- T1 b) 
52 р= 5 РТ("К1З4А", p2 b, T. b) 
$1_b=s_ PT(R134A", p1 b, T b) 
dsdp. b = (s2 b- s1 b)/(p2 b- p1 b) 


[Т Results - part (b) 


(2У/0Т), = 4.449 x 10 m?/kg:K 
(д5/др)т = - 4.449 x 10^ m?/kg-K 


Tue resul & We. IT soludim compare favorably wn Yo graphical results. 
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PROBLEM 11. 25" 


KNOwN: 
б) m (5), 1-38) 


FID: Using Е 9: 1.39, Check tie consistency of (a) the steam tables at too Ёа“ 
GOOF, Cb) t» Rg tables at 40 IM hint, (00°F f 


СО — We $200 ct a үре eo qao а сіл. hore. (a) Using dada frou | 
le A- | 
2 


ps 100103 /. 


во 
ле 

d) T (ic 
и 





БЕРНЕ d p EE ТЕНЕ 
400 500 600 тоо 890 


TLF) 


бо 8 ioo 20 140 
РС 16/7) 


From rhe v vt T plete «t 600°F 
У = б. o? p? 
($9), 24 x! — 
From е $& vt p plot at 106 tef haè 


$N z» 3 Вор (TO aim) = =-G.3ixto? ДА? 
(в), i E bf lint Ві и. 144 in? —— e. 


These vatues are їл 90008 agree ment, aS require d by €4. 11.27. mm 


C5) Ut date. from Tabie А-12 Є 






bl pz 4010 lint е" T= (00°F 

4 

b3 j- a 0.25 SS 
—9 

i 


i | i 








| 
4o $0 


ec Bc (00 120 {40 
T (*F) pCibf lin) 
From the V vs, Т plot yat 1007F: : 
W) w 305 yo? —— 


agan, wat hart good. 
Frou the S v3. р plot , 93 «o lof [in agreement pu оссо dence. 


a 3 ` Р " Li. ? 
* _ А adi c 4 1 " 
(=) А» — 3.4 y/? РН. ә h~ 1 

PIT 


H-257 "ou 


PROBLEM 11.25 Ссі d.) 


An alternative solution using IT follows: 


IT Code - part (a) [Т Code - part (b) 

// (a) steam at 100 Ibf/in?, 600°F И (D) R134a at 40 Ibf/in?, 100°F 
ра = 100 // Ibf/in? рр = 40 // Ibf/in? 

Та = 600 // °F Tb = 100 // °F 

dTa = 0.1 атр = 0.1 

Т1а = Та - dTa T1b = Tb - ать 

T2a = Та + dTa T2b = Tb + ать 

дра = 0.1 арр = 0.1 

р1а = ра - dpa р1р = pb - dpb 

р2а = ра + ара р2р = рр + арр 

via = v_PT(‘Water/Steam", pa, T1a) vib = у РТ("К1З4А", pb, T1b) 
v2a = v_PT(‘Water/Steam", pa, T2a) v2b = v_PT("R134A", pb, T2b) 
dvdTa = (v2a - v1a) / (12a - T1a) dvdTb = (v2b - v1b) / (T2b - T1b) 
51а = 5 PT('Water/Steam", pta, Ta) stb = 5 РТ("К1З4А", p1b, Tb) 
52а = 5 РТ("Маіег/Ѕіеат", p2a, Ta) 520 = s PT('R134A", p2b, Tb) 
dsdpa = ((52а - 51а) / (р2а - р1а)) * (778.17 / 144) dsdpb = ((s2b - 516) / (p2b - p1b)) * (778.17 / 144) 
[Т Results - part (a) IT Results - part (b) 

(24/00) = 6.225 x 10° ft?/Ib-^R (У/00) p = 3.042 х 10° ft?/Ib-?^R 
(0s/Op) = - 6.226 x 10° ft?/Ib^R (Oslop) = - 3.041 х 10° ft*/Ib-^R 


The results of the IT soluk compare favorably with Ye graphical resutts . 
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TROSLE M И. 28 


PROBLEM 11-26 


KNOWN: At letw, liquid water has 
about 4?C. 

€ (0: De ter mine 
4°C, cc) 5°C? 

SCHEMATIC GIVEN DATA: 


р ом 


Ф ИХ 


4 Ttc) 


AMAUTSOS: From Eq. 11-37 
اه‎ et 


E Gr), 


Se (en, € = cB, -@)- SG), 


Thus 4°¢ 
МТ. | бз) >0 fw T4 
Qi A «o fe 174 
"PROBLEM 1. 2.7 | | 


KNows: A gas enters a Cow pressor and rs Cow pressed 


a state of maximum density ол 


What Can be Coneltuded about (әз/әр r «t (a) 3°C, Co) 


“геи fre pi’ ca tly ; 


FID, Does the spee: fic enthalpy iucreore or decrease as the gas 


passes from inlet +o exit 7 


ASSUMPTION: The Cow pression occurs tsentroprcally . 
APAUCSIS: From Еа. 11۰27 
oh 
әр 


= М 


Ас v is pesshve and pressure р іме enes) the s pe e fre enthalpy west 


alto increase. 





KNOWN. A ГИРИ — ГТ uzuts,v) it —À 
pio: Siow that TT, p, h, V, and 9 < eath be determrued using uls,v), 


AWALYTSIS: From Eqs. 112 4 a (af ^ T and p can be fund d 


differentia hon ++ фа 
Eu 

Then ey defini h'on И = BS ру › Swing 
We wv) + (-@),)v 

Also, by defiushen We U-~ Ts ) giving 
у= чь - GPA 


"leo 2 h- Ts) giving 3* = uUlS,v)— ve) 3 (slas), 
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рылысы d 
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PROBLEM 11. 29 


KNOWN? The Neimbhdtz fone hon 5 Known fer a certain guos prace. 
FID ; Eva luate Р, 5; G} М, Суз аи Ср : 


PROALT SIS: The hNelw Weitz Fanchon has the fova~ 
Жыл M EU E T — EB Rar | 
Ves RT y^ = т? тё г 
where Vice de fin + re ее} ге лс che and c (6€ a соми Note +L 
a X “а re eren ce < tS 2 : whe n V= м^ an d 7 LEE ч = О А 


wih. G4 ZO 


pos e qul] рете Í 
av JT d 
Ud C9. 10.54 
nb. di db. Жз (+ 
SCENE 2 ай Lh tacit itt aT T^" T^ ^T * £G)] 
әт jV 

> v sfd 4 ر له‎ AL e 

> FRY ecw f-i + 4, Se 

= Rls ж £ a L Y 

v^ T 

Wote that $0 when Мм T= T^, 


Then, Since P= u- Ts ) wu ҸИ Т 


T ги м n 
и = | ет У ает EL] /4 Т [ке „жей, | 
V 


| т тА 4 cU 
pmol + eT— eT, «x R v^ — 


ы. жыЛ 


< 1< 


{A = ey. | C ————— “= 


| — f 
Yo) u = ن‎ ес T= /, 
Ua an hr e pv; 


F "———— 
осте ув en я 


lA = 
Furtuer, Cv = 4/47 )v ) *9 


Cv x C — G 


au d ср ~ SHIT) р, So 





| |. This substance ad herec to the deal gas Wedel "uud constant 
Cy, 
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PROBLEM 11.30 


KNOWN: The Moller diag raw و‎ ves a fundamental they veo lynauu'e 
fecto he hs) p). 


PiMNO. Show that at any State tived * S and p, the proper hes 


Tiv,u, V, and J can be evaluated from +he d'agram . 


SCHEMATIC $ GIVEN DATA 


В Congtand 
A pressure 





Ss 


ABRALYSIS! From Eas. 26 aad 11.29 T and ү 
ds ffe ven Wa hon (шшс ean be per formed graphically ) 


as (85), : v=), 
Then, since heup 
i Us ®-ру= nesip ~ ABB), 


Awd ب‎ Pe u- Ts 
7 we hls, yl- ei, — &», 


Analy, using 92 h-TS 


д> hh, >) ~ sh), 


Can be found by 
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PRORLEM 11.31 


KNOWN: 3 
ا‎ etn 
T* P 
FINO: Derive the above Expression. 
ANALYSIS: Siwe T and p are regarded as 'ndependent, «^e following 


functhons can be considered : (тур), (7р), 5(7 р), etc. As с > ah/9T) 
form the dif (even ot of ltr, р) f d P Р; 


чите), 


= h 
= Cp dT «^ hy dp | Ct) 
Also, [ormin the di fferentral of s( yp) 
- 5 $ 
ds Ст), Sy, 4p (2) 


SuesHivHw4 E9s.C1) and (б) ato Ee 11.19 : dhe Та; +v ip 


Ee e f), e т (G0, 6 + ht nie 
Collec hing Јеумл; 


ee- elTe + GI 


As T and p ere inde pende , fx p wh le Varying T: dp =o aud ETZ О, 


shen 
- P 5 = 
Cep- т 6), 14 = ° > Leo TAL) J O 
or 
Š 5 | 

ep 2 ч ё), (3) 
Next , wien doce Eq.sirs - 8 = Q9/a7)p һә ol tmi o 4 Heres atto 

-fas\ a R^ 

Qs), ED с) 
Falls, combining Eqs. (3) ал94 (4) — 

& — 
ср > ~ T 2), 


whack fs the nesu do be obtained. 
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PROBLEM (1.32 


KNOWN ! Pov T data for saturated ул иаи. ore avai la bla 
Arom Teble А -13Е. 


Peor Deternine at 20° he4 ) afa) $43. ر‎ and Con pave Gc TH 
table values. 


АюА Т: From Table A-13 +3 = 552.95 Biw/ (b, Ufa» 500. Y (34v (6 , 
ссе = 1.1528 Bh lb- R. | 


The value of hfa can be deternuned fron saturated p-v-T data. 


Using th, Clapeyron equa him, Єз. li-¢O ? №4 = T ма (35) +’ Ci) 
A к угы Ob Ve € oro d Can عط‎ vad to obten З Pld) sar, as fotlows: 
бо س‎ | 


Ps / 
lbf li 50 





GR... o 2 ped ир" 

P dT 2-1) |. R 
Г = 1509 (иди) 

7 OR 


E 
40 Py 


/o is 20 25 30 TF 


Taserhus values into C^. (Ct) 


| | he 
nfa = (47 7.67°R) (51$7 (e) (130.9 a E 546.7 Riu / lb — 
[Faria FF 104 Bh : 


S 
Chen, with Eq. (38 m " 44 
А tM _ S46. 7 BIO > [, 139% Bk D» 
وک‎ — - 4.99.67 ° lo: *R 


ry i и 2 «+ pv " 
(4$22«)lvHl(S.928) _ z 494.2. gr گے‎ 


Uta = near Poot Ча = $467- 1276.11 ft- lbt/ Btu] 


Each ае Га aboot [96 Ross than tex correspa dS tote volun. 

Thea values colotained UAW 6 the. grep cot op Ро а САА Are Sensi hve. 

to the occur eof, ths Slope AdP/dT) sat delernuned Grapple cath, as above.. 
Aiternahvely, S TT soluh (ke +hat of Example l4 can kee 

Cwploged? | 
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PROBLEM 11.32 (Cont'd. ) 


IT Code 


T= 20 // °F 
dT = 0.01 

T1=T-dT 
T2=T+dT 





p2 = Psat T('Ammonia", T2) 

pi = Psat T('Ammonia", T1) 

арат sat = ((p2 - p1) / (T2- T1)) * 144 
p = Psat T('Ammonia", Т) 

vg = vsat. Px('Ammonia", p, 1) 

vf = vsat Px('Ammonia", p, 0) 


hfg = ((T + 459.67) * (vg - vf) * арат sat) / 778.17 
sg = ssat_Px("Ammonia", p, 1) 

sf = ssat Px('Ammonia", p, 0) 

sfg = hfg / (T + 459.67) 

ufg = hfg - p * (vg - vf) * 144 / 778.67 


IT Results 


(Op/óT),., = 152.5 Ibf/ft^-^R 


hig = 552.6 Btu/lb 
ѕ = 1.152 Btu/Ib-^R 
ur, = 500.2 Btu/Ib 
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PROBLEM 11,33 


nour * Р-У-Т date for water ave ava lable from fre skam Lables. 


END: Determine aX Боос, <) ha-hy , Clo) 
wit table values. 


AwALYsis: The value of Chs-be\ cam be calaarlated using sabuvation data and 
the Clapeyron equator, Eq u.40 


" e 
h, -hg = T (vs - vg (SP 


Ug HUE , Oud Cc) 55 “Sg and Compare 


ay 
se 

To obtain the value fec (Ap /Ar) repare he plot choum below using data 
from Table A-2 — — ‘J 






.20 4 


. 15 4 


Р 

(bar) | | 
| Lide\ x bur 
іо 4 (0), ^ 0.006604 r3 

i | 

— MON PAAIE a si 

35 40 45 SO 55 bo 65 
Tc) 


Tuserting valves [wo Ean 








| 5 
ha- ps ( 564213.15) €. (12.022 - . AXO ?) W^ o. 00604 V | to ise | 1 ЕТ E 
ke K '| thar] |? n. 
= 2548 v3/ka 
UJ eA 4 1. 38 
54-5 - hg -he z 2348 _ = 7.266 kT [ka Ve 


T 323,15 
Fura , using us L- ра 
Ma -Ug = Cha che ) - р (vg - UE? 


> 5و‎ 
= (2348 = - (04235 bec) (12.032 - 21:407) = | nne 


LET | 
thaw || то? а-л 
- 3144.4 кз [ea 


The vespectwe dable values are hg 7 vc *2382.1 €Jlka , sg se = 7, 5725 FlaK, 
aud Us-Uy = 2234.2 зш, The percent diiference between calculated ond olde. 
values 15 abat 1.5% OU quautitjes. 


Aw altenctwe solution using UT follows - 
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PROBLEM 11.33 (Cmtd,) 


IT Code 


T=50 //°С 
dT = 0.001 
Т1=Т-4Т 
T2=T+dT 


p1 = Psat T(Water/Steam", T1) 

p2 = Psat T("Water/Steam", T2) 
арат sat = ((p2 - p1) / (T2- T1)) // bar/K 
p = Psat_T("Water/Steam", T) 

vg = vsat Px(Water/Steam", p, 1) 

vf = vsat_Px("Water/Steam", р, 0) 


hfg = (T + 273.15) * (vg - vf) * dpdT_sat * 100 
sg = ssat. Px("Water/Steam", p, 1) 

sf = ssat. Px( Water/Steam", p, 0) 

Sfg = sg - sf 

ufg = hfg - p * (vg - vf) * 100 


IT Results 


(2р/0Т), = 0.006127 bar 
hg = 2382 kJ/kg 

Sq = 7.372 kJ/kg-K 

Urg = 2234 kJ/kg 


The IT results compare very favo vably with the table data.. 
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PROBLEM 11.34 





Known: ° hfg j Veg роті Pet at 10° ore Known (voc. іме KISta tables, 
FU o: Estimate Pat at 20°F . Comment on the accuracy of this estimate. 


ASSUMPTIONS : CI) The rato hgg ѓи dees not Change Sigh: f? cant ws: 15. 
temperate over tne interysat frou, 10° to 20%. 02) Vf canbe ignored felatve te 
Va, and Va, can pe evaluated Using фине atdeal gas mode/, 


ANALYSIS? Table A-l0E at 20%F gives Prat = 23.137 lof/in? 











> мел i: chutes, 29.11.40 gives upon бл teg ration 
(др): м9 у тъ 
5 Т, 
Wita data | oc: Table A-ioE aie (оор 
(OP )set = __ 88-53 8/6 778 Ft log -E | 5% [M 
2 (10251 - 0.012) {4/16 JJ gt || inè | 
= $879 lof line 


АА lof, Prat 2 26.651 lin. s, 


Prot (20°R) X 2-6. 25! + $.&78 = 32.529 lbf/in™ — —D 


This молла 4 about 18 о Ress then A. 


Metwed2 : With asstumphon 2, Єх. I. 4O con be converted to tha. Clausius - 
Clo peyron e, a ne: Gq (l.a ) cole ©. v p? On in Hegra hon Sirer 


mM È- -hg aA ad 
^ x Te т, ] 


AS - ( 88.53 Bf) | TOREM е llh) 


Pi ( LABL Oh 48 
12047. Ih R 


> cn 27 = Pe 33.85 lfi u a | 








Theses i$ about 2.°% above- the tals le Value, — 


руу aussien. Even though the assumptions are only satisfied approx imod 
Satisfactory results eA ob arteck Wut ood vir rn Excelleut aq oz Oud Yer 
e table value is achieved with the folowing UT approach based on integrating 
Eq, il.40 wie ud, making tho above assumptions + | 


IT Code /| Clapeyron Eq. 11.40 — 
= п ? dpdT. sat = ((hg - hf) / ((vg - vf) * (T + 459.67))) * (778.17 / 144) 
hg = hsat_Px("R134A", p, 1) psat = Integral(dpdT_sat,T) + 26.651 


hf = hsat_Px("R134A", р, 0) 


vf = vsat_Px("R134A", р, 0) IT Result (Sweep T from 10 to 20°F in steps of 0.1. 


vg = vsat_Px("R134A", p, 1) 
p = Psat_T("R134A", T) Psat(20°F) = 33.14 Ibf/in.* 
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TieoGLGCKAA 1357 


KAD OWA: ^to, VE 4 1 ra Psat 4 26°C) are Known Fr rn The amm омда tables. 
РЕ CsH ate Psat at FO ос. Comment on thy Accuracy 4, to's estima H. 


ASSUMPTIONS U) The retro neg! Veg dee- net change StF afi cant ly witu 
ерек tn e омм the in dj fro Zhe C б Зоос. (2) Ue Caw БА 


1g “оге d аЙ әл t Ve , o v4 ta. & еа {о Xd USing The idaat sag Ue da 0. 
Aw AUS. TA ANB giver at 26°C, 


Pat = 10-8602 bar ر‎ Ча т o. — neg = 60.7 EIlks 


Methodi. о; ascuwphm CO), € $ 1.40 e veo ow (A des ra Һ` o4 
—— — — 





(Spjut = EF Uu т. = (Мет ) em (Leer | д (вез 
Ute U 6.1724 wk j |164. A 24 
2 1.25 bor 
=> Prax (то °C) N 10.3602 c {. sy = bi. ыў bor . 


ә I/F 6865 bar VU у о about 0.6% Sow, 


Co por c^ {ы the, tee ۾ فسلوں‎ 2 


© 
Melted Fe. Cod. a ss uum how (2), <: UFO Can lor Converted ^. 


1 , l be х ‘weg 
Claun'us - Uap его. aqua tim, е3 (4%, чо Ch. oA integration п 











— Pe _ " "tg. A. - 4 11 C o.1 к3[69 ] AN | io? S. 
^ Te TWN Nw | osk ATK) | lea 
7704 KS 
2 — = ‚К бот 
= С = LU m pz // 
“This û about LU% helou yu table value. 
Discussion, Even Mough He assumptions ore only satisfied app voxi mate 


Satis vesulls ave obluined with bota më Mods. Excellent reen ent 
with the table value is achieved with the following IT approach based on 
inteqvating Es .u.4o without making the above assumpHons . 


It Code || Clapeyron Eq. 11.40 
2 "A ы" dpdT_sat = ((hg - hf) / ((vg - vf) * (Т + 273.15))) / 100 
hg = hsat_PxC Ammonia’, р, 1) psat = Integral(dpdT_sat,T) + 10.3602 


hf = hsat_Px("Ammonia", р, 0) 

MOS vsat EXC AMMO ay ру) IT Result (Sweep T from 26 to 30 in steps of 0.1.) 
vf = vsat_Px("Ammonia", р, 0) 

р = Psat_T("Ammonia", Т) Dsat(30°C) = 11.69 bar 
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PROBLEM 11.36 


Ic NOWN : Triple point data for water are available fron “Ta. ble A-GE. 
EMD: Eshmat Bat of —40°F and compare withthe table vo Cu. , 
Wluch о 0.0019 16 lint Fran Table A-GE. 


ASSUMPTIONS”. (Ct) The value of hig is Constant independent of few perature over 


the interval Yow the Wipte pont temperature t -40°F, (U) Va Can be rguored 
relative to Vg Rad V4 can be e@evatuated Using tne rdeal gas model 


ANALYSIS With Ahe AS$v-phNont listed 


— т ез 


) E 4. П.4 can be converte d te give 


whach Gives Vpon integra on 
Ro ts fC ل‎ -+ 7 
= Мо Ё- [ Te fz 
With date fro. Table A-GE: hig = 1218-7 ВК) P= 0.088% lbf liy 


lw fa - (218.2 Btullb) і 1 
۴ ( LSB Brey | 492°R 420R 
19.02 WR 


=> fF = 0.02122 
Pi 
=> P, = 0.00186 let/in> 
Diseyssimn: The Cou us & V atua 0-4^2.5-0 Uri th the ФАА. 
Value. Thais v an Ly pa clad Dud сє», fo- Б ч Asp seo, TO 


TMA, A-CEdatw tha tin atsumphmo orn caa. ad horast | 
rx his case. 


37 


PROBLEM [1.37 
KNowN: For water at ©°С 


V = (L041/ хес ILE) 
Ve = 1.002. Kio? wil l9 


Wit > 333.4 e Jik9 


FIND: Eskmate the melh ng ke wperakure of "ce at la) 250 bar, Cb) SOobar. 





SCHEMATIC ? GIVEN DATA: 





Not to Scale. 





т 


ASSUMPTIONS: hig and Vig de net Vary sign icantly sith temperature, 


АМА WSIS: With the assum phones ested Es 11.41 gives Upon "и kesra hon 


J 
Art GE) ny 


> f 33%4eT/eg _ 10N. m fe. B 
ree Loti ттуу - kJ 5 7 
7165 


2р z- 86,677. 7) — 


or 


А+ 6۵6°C, the pressure (f nea lisible telah’ ve to P: Ops RR. 
(а) Pp = 2D bar 
(a) 


pe Ta 22599 ey тс 271.20 К (-1. фес) emm 
xnis 3667077 


(v) р, > 500 ber. 


ze Sog Te = 269. 45% ( -3.7 °с) — — 0) 
7?. 
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PROBLEM 38 
K MON i: Bismuth and lead are dx substances under consi dera hon . 
FIND ! Con frm that the line representing the {ое = phase. Solid -ligorra 
region on d^ phare diag ram slopes ot left for bişymoth 
and to the right for lead. 
SCHEMATIC ¥ GIVEN DATA: 


Bismut h / Lead 





T 
ANAL TSIS + “The key ex pression fS Eq il 4/ 


i Í 


gE NEL * h 
T/sat ДА, | 
Leve ^ deneter Solid and “ denotes lo guid, As и-и ) woatd am pes ch ve, 


lee Slo pe. iy de te, wine d hy X U^ di C freuen (мем), 


Thea CRC Hand boo i« of Chee s e d aud Que sires ; 37 f^ Ed, (455-1456, Gives 
a table ef tu Change a velose dae fe fusion for selected SUBS tenaces, 
Р. 218. Por the substances o^d» coasidera fou 
Bismoth: C hang € in Volvi e = — 0, 0034 с (9 
Lead А [2n + LE = 4 O0. OO 3F силї /4 


Ассо, ding 7 / (s Pj dx) taf C Cor bis ләш th aud (a P {ат Jas 70 fa lead. 
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PROBLEM 11-39 


KNOWN: An eceupred Charr of total mars equal to ВО кӯ гі at rest on an 

ree rink. The ice tempernture i$ -2°C, 
Fino: Determine the love total arta dhe ps. of the Chai 

less can have before. the. ice in Contact with the less sould welt. 
SCHEMATIC È GIVEN DATA: 


c. 


929-6 (5 










i 
= i „© 9 
Se ce at -2*C 


- Lad 
- 


P سے‎ 
CS e re- s 2L 


^ 


ASSUMPTIONS: Ct) The (ce temperature temarns at -2°C. (2) The local accelera hon 
of gravity is а. Bust. (3) At 0°C, begs 3313.4 Tl Fg, V3 odii x i03 |e, 
<= 2 — 
VE = h 0002 х0 "к, Мр and veg lemara Constant wrth Feu pe ra re, 


ANALYSIS. AS shown by the phate diagram, mel fins would hake Place T the 
pressure exeritd on the ice (at -2.9C) would exceed Psat (-2°%) 
me pressure Ppl?) can be enfimated using Eq. 1.40, gether with yhe 
assump hon that Vet and Vad femam Constaat we th ew perafare, fer then Fhe 
aquo Won becomes On ѓи. fes Fa hon 


Ар (х-ы SL A. us 
Wu -NG T 


Tuserting Values fy Wit, VA, Ve. and te beng T = 273.15 ke ( 0*C) ) 72 2.1y& (-29c) 








| 600 Mb 
— 3.4 eJ ) a 
әре (вт SS nes bar ATMS = 264.5 bar 
— лр Ee, 
(бес {-07¢ "m [от ufi 221.15 
T e 


1000 


Sine Prat (OTC) = 0.61 «Pu, Psat (-2°C) = 210]. 59 bar. 


The pressure exertedon the ice by the charr/occupant and the 
atmosphere s 
Р: Pas + ыас 
А 
where А гс the botal area of the tips of the 4 сөзге Rags. The pressure p 
Can be no оге ее than 269-94 bar . Thus the arte A г; 











apa : n) | LN qp ваг: 
264,55 bar = [ооу ban + E ) | Ks: M/s we 
or 2 
-s idoc™m 
Аш + nane? wa) HSE Р 
мг 
Z 0.42 س‎ T es d 
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PROBLEM 11.40 


KNOWN: Over a Certain temperate interval tha Зане том pressure -temperature 
curve of a substance is fe presented by 


In Psat = A - BAP 

илеге A and В Ore constants. 

FINDO: (a) Obtain expressions for hgg and сфе in terms of P-v-T data and В, 
бо) Uns the reset la), delere he amet Ses c 
. Фү 

Од. сем р е with Steam ые ey, t f SUNY epee atey 
SCHEMATIC È GIVEN DATA: 
Д ee ыг 


Р с.р. 
| yo em B/T 
| __ 


Y 
Ак AUTSIS: (о) Tne Clapeyron ед оа hon tates X^e form 
dp hq 
(Sf sat + м9 60 
To obtain СЇР Өм , differenhate the given ex presson for In Psat 


З (Р) B 
dT T 2 
і dkat _ в 

ЋЕ dT ^ Fe 


SPA a RalT) В 
($e e: Pus) T (2) 


Te 


Or 


Combining Eqs- CI) and tt) 


nfa = Prat (Т) Vta CT) B (3) ^ 
T 


“Then , w. tw E 4. 1.38; Sta A м /T 


Sta = Psat (T) “ta ›В (4) RUN $45 
T 


Co) Using standard CO mp u ter routines , tho values of А and В ore found 
So ہل‎ her ® 


— — — 4.2 
An Pat = 29.3543 — ae Спе: fa, Tik) (S) 
Then, with Eq. (3), B Gow e$. (0) and Psat, Veg frown Tea A-L ot 29°С. 


3 y 5294.62 К | 
neqs Gomer uor i ET j TE „з |, ooa (кы, ны, 


Q РТТ EREN 2442.3 KJ[r4 ) 


Siwt t | Ty (4) 4 мо 


| | |) 
— 0.03169 X105 )(42, 354) (5294.0 2) [> 
73 > (24 #15)2 Io 


ET А 2. J tabs vod. 
= e 14 — ( 2.1406 2/6. ) 








|. Ins case, Oxcetlent agreement e featized with Steam tet. data. 
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PROBLEM 1.4] 


KNOWN ^ Data for water Grow Table А-2 is 
FInd: 


available for use. 
Determine the constants А and B to give the best Ft 


Calevlate 


ina | 
least ~ Squares Sense in the interval from 20° to 230°C by the “фол hon 
M Prat = A-B/T. Using this esoaho determine P. /dT at 259%, 


ира at TTC aad COmpure With the Steauu Fa ble value. 


ANALYSIS: Using standard Computer routines, the уаще of A and С are 
found so that 
Av Psat = — 1.949728 - 35. 767963 (Pras: bar ‚7: ec ) са) 
or Шш 
de Psat: 29.83543 5299.62 (Peat : f, T:k ) (2) 
T 
Using Eq . (2) / 





Rat = exp Ga = a) 
T 
Thus 
ke жаят, ( #2293 - — 
dt T 2- T 


At 249.154) Чї„+/ут= 188,88 Pa/k. 


Using £4.11. 40 and Veg (fou. Table A-2 at SIC 


мрд = Ту GP... 


алк M. 43360- / 188.88 Ju? \[ K3 
е X to2 NC =) = IDN -m | 
2441.7 5/69 


A-2 gives at >С 2441.3 kals. According ly the. calculated and 
vo. aet ef hts e9tee extremely to eal, 


4! 





Table 
dea ole. 


tl- 42. 


PRoscrm 


KNOWIN : 


Бгл ' 


SCHEMATIC 


AWALTSiIS? 


бар > )‏ و 


Where 


He 4a 


The Sa Бед hon pressure - Hem perature Curve. for tur -p hase lig urd- меои 
States èc represented hy 


ln Psat = A — B/T where A,B are cong tents, 





any 4 ree points on the care are related by 
| T SGT 

Mat, _ Zr] 7 ie. isch] 

Foot, i Бін 3 [ Tn“, J 


т GIVEN DATA: 





і 














Using the given expression 
l^ (Ба) = A — E =? А = La (Pret ji) + 3 
{ і 
B 8 
In ( Prot, 2} "D А— B — l^ (652,2) = la (Рзд yi J+ E TL 
Т». 
= lan (Ват = i 4 
a ae ee 
| d 
ln (Pt: A-L == Lal P5934. gf - 2 
t P = TN 
Bay = г T2 - چا‎ ht 8 A 
i — pee 7 
In (4) Т - т ا‎ E nen T 
Poty T T3 
— А Т} ~ Т, Then 
К (3-71, ° 
| a) > т La ( Peto ) 
— Pout и 
Pot, 2 © 
0,2,3 | xis] 
AER S xi RA yi 
Psat} à i — 
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PROBLEM П. 43 


KNOWN The reçuit of Probiem 1l. 42. г applicable, 
F/N/D | Using Satwaton pressure temperature data from “Table, A- 2. 


(^) 9valvoate Rat at 80°С and Compare with the tebbuleded Value. 
(o) eva tua te Teng at 0.006 Mh aad COm pave with the +nbu lated value. 


ANMALYTSISt Tha result of loben 11. 42. rs 
: T 
Peat j3 = ae] where CH BLS | 
Feat, | Katy) T3 772. - 7 


(ау T= 20°C, Т2 30°С , тұ = 40°C. Fran Trole 4-2, 
ULNAS INDE ВИЕ DN ck Аш МЕЗЕ шш 

Psat )} — 0.02 734 bar 

Prot, 2 = 0.073984 har 


Т = ту. a aly y SOI. ( CE 1.4361 
= L—— Б — 10 
S13: 














( Psat, 2 " 4 do Prot, 3 E y i £L. ( 0.07181 j 
Ам © Prat ‚1 1.4361 0.02314 
= > | FU MERCEDE د‎ TENE 
=) Ps42 1. 8/08 7?» feat, = 0. 0 423$ bar 
б.д) I 


Tabie A-2 Gives Psat, % = б O0¢ 246 har. A c میں‎ diene ta а pe re eu f ds ffevence o 
y = (o. oa sy — о.042&6 ) сее - — 0,26 
` д.04 2.4 6 


, : (V (« E 
W Ts 20°C, h=0.006MPa ‚туз 40%. луи and Puis are given wi part (a) 


Accordingly | » 
lh (Psat3 A eee Е 
Brady t a 0-02 374 | S 122055 





l 4 pou Ln | 2.06 
Peek, | 0.602334 





And 


T- “Tr [ 20] 
зу CTL - 243415 J 


So 
20 Ty = 122053 [ золаг La 293177] 
> Тус: 307 34K ( 36.14 °С ) 


Table A-3 و‎ af = 36 O G » T We percen d dde ace "m 


— ( 1616) (roe) = 0.08 


36.16 
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PROBLEM 11.44 


Кю OWING“. Four exerases dealin tas 4h slopes are deser: bed: 

EIO: (а) Using Steam +562 data evaluate the ratio of the Slope es 
у oper iza how мие +o tho Slope tha suoli maha liae. (в) Ona 7-: dra gran, 
akow rhat ho slope М, e Сел Њи speu fie volue li u greaty than 
t (оре et e constant (^ ssure lv though fre same ор ег es td 
єрт SteXa . (с) Њу an h-s dt «сем, obfain an ex ps ЄЎ Г مص‎ fe^ {ia 
Slope qa censhmt firu e Vina C fee 4 p-v-T date ‚ Cd) 

Fro a poh diagram, olim an exportin fy te slope an ‘sen уу бс 
line wa ہما‎ nis P- av- T date 

ANALYSIS: (a) Using the Cla peyro equation , €9-11.40 


ер 
ар) — Ah Veporization 
dtisak Т Av Р 





Accerdingly atthe triple роѓи Е 


(990 ОЕ „ Lhg-hs Им -ма2 


“Sublimation 





ME e /sotitebl e 37 4ل‎ T 
(4P/dT) set Jvap (ha - ^£ 3/tv,-*4] 
With data from “Tables А-2. and A-L at о.о ес. 
(ар lau] cul _ (2.$34.0] /(206 100 ~ 1-0008) 1.134 ر به‎ C0) 


(dp (dT)see J vap | 501.3) [006136 - 1.0092) 


Co) With qs. i.4(o and 11.5% 


(2 р" Е ? (82), = = tons tant v 
Cong tant P 
Of, ہمد‎ м Eq. mts 14 
9 "E з 
GR, e, ) (34), : Cp 


ruins a raho 
Qt/rs\v . They | сәу — Cb) 
Qrias)p T/Cp cv 





G)andld) Gq. Пла Arad € 


dh = Tdsavdp h p — 
Const. 
The funchon МСЕ р) oi ves / р 
ак (2h) ds + A) dp | 
م3‎ pis 
By Comparten — — 
7 ааг 


си. 26): E à» - 
(i27): (35), a V 


With 64. LIF | the Second of phere give) 


oP) 24 —— —__. 
och ү Cd) 
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PROBLEM 1.45 
KROON +, 


NH3 > ичек oes ca Process frou 7o lbf Hin? 4s °F te 14 Uo /; nt 4- O^ г 
F/ND: 


/ 
Using P-v-T data evaluate (6i -4,) and C$; - $,) i ans Co v^ p onn 


with table values 
SCHEMATIC É GIVEN DATA: 
SCHEMATIC F GIVEN DAT 





2 
ын 14- lo f [i * 


40°F 


ү 


ANALYSIS: Siwe tue States under COnsidevation are in the superheate d vapor 
region, tempera ture and pressure can be Selected as the independent proper tres 
ЫХ «t Ку the Sta te. Then , Eqs- 1.59 and U-Go 93 Уе, ге Spech ve ky 


S(T ру. s 
® +P) = SCT P,)= | GO ова Ct) 
f 
A 
ACT һ)- тул); | Cvenp- (+) сорар ч) 


f 


Consequently , the analysis reduces to the Rvalua tion o f- Gv AT) p 4: а fwcp'on 
of Pressure at 40°F, Gnd tha sub Seq vent — thase data To e&t» tia 
required mtregrals . A numer Cot Procure Using data obtained froun 
the Source dusted for TabtgesA-13 is Teggested. ^ Tha valun handas 

© lo tasna d S rect i fran table date G^ , Feipec д: 


ha -U,= 14.46 ЕҺ//А 
Ў„-$,> 0.2103 в [5 R 
EU ee DRM | 
meee 
| Since the iutegrahons are at fixed tew perature, the terms of 
Ear. 3H. 54 and 1.60 fn vo \vr'ng the Specific heat Sp drop out of considera h'on 


thereby allowing the req owed property Changes tt be {оома uting only 
p-v-T data. These in Hesare ows reguire & p prepr iata Soft woas. . 
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PROBLEM ll. 46 


KNOWN: One We ef ^r invhe tly occupies ‘one side of a SSR Een deg bg o 
parh hon. Tha oft Side rs evacuated. The parhhon is feccoved and the 
hc expands фо fell the eCuhve volume. 

Fini: Find de fined tempera tare ef fe ar j mn Using (1) tun van der Waals 

eq ua ћ ол |) chi) Q) the idel gas wede | 





SCHEMATIC E GIVEN DATA: 





fir eh 


ASSUMPTIONS: (1) The Sy Stem 1S Shore ал the figure ‚ (2) For +ho Oy Stein, Q ZWO, 
Калес and ро+еићаб enersy ef fects ave absent) and the parfhon can be iguered. 
(3) The argon US Mod led 29 the Van dey Waals egua Nin of a State aad 
then осу tue [de gas ил o*d e l. | 


AMALTSIS? Using indy caged asSSumphons, the Energy balance reduces to Jue 
ZU 20 j Or Tin Ca Ила sE UC faxed Auz О, Invoicing Eg. 11.54 


© Є 
Au: | C, dT +f іт (Әр) - р ]4у= о с“) 
0, © | 


RT е. 
: а. 


ө Van dey Waals Саоаћои , Since р = — 
= e TE) > RO =|, ЁТ _ е = & 
ei " v- © ы Mc " е | V-io v-o м? уз 


To ‹ммес дае су, the tect fer Lae ae bres £ appiced Ce Sa 11.48 gives 


(cel). a(aP)) > 2 2 7 iu My) EO, Tees ple 
esae), 2v. JT rav ФУ IT 
whichis tras Liv hang value ov o. меома fou c gas soch as Ar. Taser ting resuit: into G4.€), 

Gnd in — Һи 


2. к-т Î = 





> "b os = E - V] 
К 327* | — 
“о ыы 57. үү 
4 ка Yi Vj 7 32 3 v ¥ 
ЗЕ 


Kino | 


А і PC pcs 
«арзым Тек TT ИА [les ере 


Ту. aT 32. Kol: K 


= = 27.45 K к=» 


Width Мүк 6.2. مم‎ | килсе, V+ = 0.4 wÎ ıcwe ) and data буа Table А-( 


272.6 K Ur REDEEM ee == = 


Ту = 
| | sep | ж Өз. That 
e desl gas model, Since p> г TIY ) Ge / ANE Riv and Ux ©р/эт}, e | p 
wı th Cy.= SAR } Eg. l) becomes 


3 еър =0 7 727, = 00 
2 
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PROBLEM 11.47 


obeys чие equation of state plv-b) = RT 


KANON: A Jas 
Find: Obtain the re la tionsh 1p be tween Cop ond Cy [for this gas. 
ANALYSIS, 
Method 4. Using Eq. TI. 4'7 
Ct) 
Z) . T bp - 
(к). Е) Р 
The мел equation of state can be rearranged do read 
. RT 
Fr M 
Then 
GE (2) 
3Tiv^ vrb 
Cow bir, Eqs. C1) and (2) 
ae " RT ~p RO =) ц zutT) (u depends on Т only) 
(25), "yeb 
Senee haut ри , the above equahion indicates tha © 
W(T, p= u(t) + pv 
“Then, Since Cr ~ Qh эт)» and Су = @u/at)y = du/dT 
ду (3) 
. du >Cpv)) = су + (av) 
ep cp OU UN ) т/р 
The equahm of State Can be enpressed as 
Vx uode 
ab: diac (87) = 5 
Taserting tus into Eq. (3) 
а ———— 


сре c e p(£) = + К 


© 


Method 2. Using Eq. 11 68 
2 
2v 2 
-v= -T (RE), (1); 
From above , ут) = R/p, anà using p-RT/Cv-b) 
2 ~ -RT 
$e Wu 
Collechng results 
^ T 
— 3 E) 


-r (ten) (er = R 


Or tps суа А 


Ср су = 


d 


MÀ ل‎ — — — — — — 


alco Brings out d^. Солсіо гом + had- +ha_ 
M) Can only VAr with tenperatur € 


Can only vary with H upao лла, 06 Wee. 


|. Method | 
Spec [ус Mirna enor 


Thus, Cy Cand Cp) 
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PROBLEM 11. 48 


KNOWN: The p-v-T felation for a certain gas г 
У = RT 4 B- А 
Р RT 
Where А nad B are constants. 
FIND; 


Ob ta'n expressions for Ch 2,7) -h(9,,T)] lL aCe 7.) -aCP,,T)] ) and 
(5(һ,т) -5(р,т) ]. 


Awacrsis: Ас Т амр ore the independent preperties that fie the State and 
an equation of (Че чуура in v ts Known , Єдг. 1.59 andi OO are 


Convenient © use here. Each of these requires 6/37), , Thus, with 
the gı ven 2 $ оа ом of stute 


Я А. 
(35, $ кт? 
Then, Eq: #: 54 reads j 
Р, * 
0 Срат) - SOT): | к) dP І [5 + А.) 


T - k _ А ۹ 
~ Re mi^ fi) 





4s 
Similarly у Eq theo gives 
h( Pej T) = A, T): [te TCZ), J 4 
z MI +B- 4) - T(5+4,)) ا‎ 
^ А 
| 6> е) = (вза Jea] 6 


Thar ر‎ uith ичар 
WCPT) -АСР,,Т) = Cat, T) ~4(P,, 7) ] + L P, V (Pa, T) - Р, vCe. 0] 


ee) anuon АСА] 8) 


RT 
(BAYAR) = Collet) - cn] + (Or B-A] 
= (8 - 2A __ А 
ыст, т)-аСр,,т) = TESI a) - ё т) 
= - у^) Ша =н 


|. Since 4he integrah'ons оге at Аке tempera hare, the tevus of 


Eqs. il. 54 and 11-60 involving Cp drop out of Cons dera hon) there hy Allowing 
the required property Changes te be evaluated n terms of Tr, т.) P, pand P. 
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PROBLEM 11.49 


The ер» оф ons ш! State are Hau vander Waals узд гол and the Redlich - 


ic ^» о uM ` 
K us Ong €4 va hon. 
Freep. Cor each e ⁊ ча бо of state, de ter va'ac Chive T)-WGO^, 1)], Cut, 1) - 


aw,T)], C SCVa T? -5(Cv, ,1)] 2 


AN ACT: Sive yho ало Ком di SHE ола. ay plr ut л Е ғ0, <, 
and temperature rs fired y vti Ccemvenrent GD Uae Ces. Il. SO and 


HSL, uo ba ce Anota Ue ^ne. d 


MY 

абаут) -utm = | 1768) -р] dv C1) 
Ve 

S(v2,T) = $6v,7)« f. ( E dv (2) 


Aso, AN س‎ hu Tov. d Мо Es . Met: 


( 
ia -h = (u,-U,) + Ср м ~ Р, vi) е) 


(a) van dec Waals This equation is expleert in pressure. 5° @©р/эт), = R/cv-b) ‚Ед-@) 





Than еня ү, Va. Vo. 
T Т RI -%2\\dv = | ө dv 
Uv, т) - utvu1) = ГЕЧЕ - | £. v-o s+) ) v* 
v V, 
t Vi 
Baw 
Em Ся E^ 
hve, T) ” Му,,тУ = PCvs, T) Y2 ы РСТ) Y, - a (%- i) a = ны — — 
Also, Е. (2) becomes à 
Ve-b AS 
se) sure (CE )dv + е (тр 
Vi 
(p) Redlrch - kcoeng ° This eqoaNon [s explicit cu pressure . So, Qplaty = 
О. = then be un е? | 
— — tz CU 
vb t zv T 1 v 
.OWMRT n a .[Rt- а \) 4, 
МОРЕ E Acer) V-o v(v+h)1 "t 
Va 
Ne Vath v Aw 
- ~~ Зо d с. = 


7) viveoy т ^ 
ү, 





o. “х R Yı ang __ ah 
hive T)-hlvyT) = PORT) V = POTY — = т^ ш L Vite ^ ] 
Also, €. (1) becomes 
Va. 


= E a Sn 
569,7) - SY; T=: /-b zytveg У 


t 


Vb. S жы” n] 45 
uu "( T3 2b T”? | vto te С 


Jv 


PROBLEM 11.5% 


KNOWN: At certain states the p-v-T date, off a gas Can be described 
as 
wb -— Ap 
T* 


Where A it a constant. 


Fred: Obtain an expression fer (a) @р/әт), in terms of P, T,Aand R, 
(e) the quanta (SPT) - 5(Р,,т) Ј,аи4 Сс) LAC, 7) -&CP,,7)]. 


AMAL TSIS: Since Zo-pfRT, + he. equation Can be ex pressed as 





PY шү AP _ RT _ AR C) 
it ea p Ue EIU 
Ca) To obtain (2 p/33)» ,€4. Ci) Can be Solved fer P and then d f eren had ed. 
ps Et 
` We AM RS 
MM [ AR] Rv + ФАК кт. AE], 4AR- 
ve = _‚ Rv "u$ PF mJ 7 
(22) е RL E =- X T4 = d = ae ye тот 
Ve 
T3 
E EL | ° ке eT ) 


A erna h'vely Es- 11.16 Cau be vse d : 
(32), (5€), Gr pe (2), = — wg 
| 
Then оиу E 9.0.1 " эү 
(28 y i бв), (X), 
Ls Eh p 


oue EJ em 


(n) Using EG. t^ 59 & P, 
s(Pa, 1] -—s(P,7) = ( -( ш -| E + үс > Jdp 
l 1 


P, 


= -— 


Rin fe oe ZAR ( & -P | «i —— —— — — Qe) 
^ T? 


cc) Using E: 1. 60 


(ea, T) -& CP, 7) >= " i ve TAZ) „14Р 


fro. Ce) سج‎ T. 
3v). £ Е ہپ‎ ЗӘР a» тё) = + 227 а» [рут = a 
dTe T* = z- TAR 
So 
^ «AR > - AF (P-P) n (c) 
h COT) - (OT) = Е T3 T3 ( 2-Р) 
8 
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PROBLEM И. 51 





Known: “Tha p v- С ba Lavor of e gar $ descr. bed hy 
Frit BCT) P 
Fim dD. Obtrn ex massi onst for la) C ^CP2,7)- ACP UT), ce ) a CPT) - u( P.) т)) 
(c) (sS CPe,T) = SCP. ,7)]. 
AMALYSIS: Since 


Zz pv/RT , the equation becomes 


ev =- (+ B(T) р 
fet RT 

У > ET + BCT) Ct) 

P 
As T and р are the rade pendent properties that fix the state 
and an eqvathon of State evplicit in V S Клои, E45. HLS and 
1-60 are Convenient to ute here. Each of these requires QVv/aT a. 
Thus, Now Eaq-C!) 


3v. А +98 
эт р dT 


Eq. р.а tran Ja veo 


Pr 
ATI- (лде =f ir- -f [È + df Jap 


= = nA a8 ( `p, eti, — Е ду 
R Pi dT е ] 


Sim daria, VERE Е. ьо 


P 
Mam h(n) | L v- 7 4 


СЕЕ 


dT 
P 


fy 
j, 


t 


P 


[B- TSB |р 


[B-7 28 } Ce, -P, ) 


HIR‏ —— ي 
"Then‏ 


Dh = 204 2(Р=) 


i 


Ou ALRT) - P, V (PT) ] 

RT 
au + P| етв] + 8 [ 
Au + B(P. - P.) 


_ тв ур р Ou. 
> AU = [8-т4Ё (e.e) “= BCP. -P ) з» AU = T sa (Pe A) 
— — — 


|) 


«aj — —— — — —— 


AW 
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PROBLEM 11.57 
KNOWN : The p-v-T behavior of a gas rs Сеге bed by 
Za |= BCT) , CCT) 
V ES 


FD: Obtain aw ex pression for [Е Суат) - s(&,7)1. 
AMALTSIS!: мө Ze pV/RT, the eguaton becomes 


ра ET + "LATA gi C1) 


As Tand v ore the ѓи дерел den? proper her that Ay the state 
and an £4 ча ћ ом of State expire Q1 ra p is Known, Eq. 1.50 
s Convenrent te use here. This ех pression requires QP lar), 
Thus, From Eq. (I) 
R вст) + RT BCT) _ всст) + RTC'(T) 





apy . Ё 
(2 m v m vt | v3 

Thon, with E4130 
MY 

s(*», T)- S(Vi)T) = | Ee 
V | 

.(^[R.CR&Rs етв], Ret "n dy 

| | Ү Va v3 


; RCeRTC']| 1 „1 
= RAV n сев «ете -%, | = CEE а, М 


— 1 45 
= RAM втв] 81те (ws) 


d(BT) +i dCC f “Alf 


or 
$C т) -scy,,T) = — = ely a) at ре А 77 


PROBLEM 11.53 
KM OWA! ` A |= FG Cepper- Sphere. 5 at Зоо(< and an iai hok Psst ure ef lobor , 


F (nab : Tf tha volume — sphere ts ^ot allowed to Vary by wore than 
0-1%, dedere € tiu ui ueuu. allowe 4 Pressure the spia 
Can attain, w bar . 

SCHEMATIC T GIVEN DATA: 

m= \©9 

T= 300K 

Pi = (о bar 

d 3888 kg / 

Е да. 2 xio CK)" 


K = о: 7766 Ww N 





ASSUMPTION: CL) The Cepper sphere CS tle зу бе. (2) Te v-pe ra Tu. 
ба Usus constant at Зоок. (7) р, B, K de mt Vary as prossure changes. 


À F2 AC x SLS* As №. ур(оме mous decrease oa Pressure wWicrreage, 
tha Neth cht ew мро иле سمط‎ Rag. Р. 4 
CAN max _ — б. оо | Ct) 

V 


Ur «d. e$ 1.63 
Ст 


and ољ fAxed T Р. 
— Kdp= -K (Р-Р) 
Ё Р y 


ond AN = Us (OUO D» = -KAp V 
-— Qi ~- «p сг) 


Co Uh (уд Ct) (2) 
“а 4 —6.00 | 


| 


—K( OP) max 





ААр\млү ә سے‎ | = 1294 oar 





. Aldynetyely улс equa tw car. be Ay مہم‎ $ е ag 


dV) _ _ 
— 


See K. h constant with pCattew phos), in tegra tom On vee 
уз = expl- KCA-P.)) 


M 
АМ = М-М М | exp (-K(P2-A)) ~t_| 








So 


2. (5 ف‎ nat Хал vire d Tec tr lub oa. 
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PROBLEM 11.54 


Еюошә ч: А 1-16 copper sphere Ww at 80°F and an what Pressure g latm, 

Fr D.. TE thea volome of d'a Sphere is net allowed +e Vary рау more 
than O. lA, Че teraune +2 MAKI M е V. allowed [чуч е. tA 
реге can نڪ‎ pw алл. 

SCHEMATIC з бисмо OK ZA: 

m=z 110 

T= go 

В = (ањ 

Pass “И? o 

Bz 47916 Се) 

K = 3.72 X (o^ ^ eu. 











ASSOMOPTCONS: U) The copper Бро зл са tte зуу беа . (l) Temp әт turer 
re mesus couctent at Be. G) p В, қ wet vary «o pressure changes. 


А лыга. Ar tla volume would decr eaa. бо pressure (ncreaj er, 
the Се? o volume Change reads 


CAN Jays. aho! C1) 
CD 
درا‎ dr Eg 11.63 
© Sp), =-Kkv =~ K/p 
and ot fixed T р, 
--| K دما‎ -К op 
AY = — 
е 
— V K | к 2р М 
«У zj- AS = — 
C Er 
و‎ AN — C2) 
AX. swap 
Co ninw ns a) (2) 
—k Gp )млк > —0.00 | 
A a о.о! | late 
Са Pax TAS ossa | ате (of/fa* 
= (276 ate 
e in d Iouis (271 atm. ai сі 





|. tus «4v« hi cw cem фе ро git. ty 


— = -K, 





Sie K v 28 wha. [assure (atfuwp hn. 3) 3 vecta sre hon on e 
Na = ex p (- ҚСР-6)) => Aveve-ye v. [| exp(- K (Pe: -P:)) -\] 
\ 


y (> vo wet ^ vired Tv مہ‎ Col v У ہی‎ 


س ت 
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PROBLEM 11.55" 


KNOWN : Three cases are under considerah'on: la) аи ideal gas, (ь) а Sas 
Wwhese e@qguahon of state га p(v—b ) =RT, (с) agas obeying 
the van der Waals egua hon. 


Frid. Derive € vy pressions fer pese K for each case. 
AMALYTSIS: From Eqs. 11-62 and the? 
——— 

a.d бх 

= = 2 kka — 1 ЕД 


Ce) Ldeal Gas: v7 RT/p 


sy. R д È . RT 
—— an — * — 
) P Р К p> 
“Thus 


| 
b i$]? Т e —— — ————— (6) 


ае I ا‎ ————————————— —«IofM——— —— € 


(o) v ®(®Ур)+Ь 


w) . В bv 2 LET 
OT Jp Р : IPIT pe 


e: 15): Ela]: Ue 


vH SLEJ LBS ГУ] 


Note: When bro these expressions feduce to thote of part (а). 


CN 





: pz LE us & 
(O) van der Waals: р — v 

As tne van der Waals equahon fS not еж. plrert in V, the required parh'al 
derivahves are vot to easily fuend as in parts (a) and (b), Thus, fotlousrne tha, 


proce dure ex plained м Exam ple Н, 2, 4 un AN prestiow fpr (3v/*)p rs obtained OD 


(ac) : — R/Cv-b) 
Tip [ zay? - RT/w-0)*>] 


So 
= — Riv-b) vt 
Using Eqs. IMS aud tl. le R/Cv-b ) te) 
TOE Gv/»T), u [?a/v3 - RT/cv-b)*] : NM MEM — 
er ` Pariwo Rit -b) (24/v3 - RT /су-ь)*] 
Thus 


_ П = месу у 
K v[2a/y3- RTCv-b)*} І C да Су-0) RTv3] 
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PROBLEM 11. 56 


FIND: Derive expressions for B an K w term: &% DP 2,92/9т), ) (aZ/ap)r. 
For gas states with te <3, RLZ, 


defernine th. Sign fF K. 
ANALYSIS! Fron Egs. | 


[1.62 aud tl. 63 


а QD, ›^=-4@, 


“The Compressi kb: lity face tr (S 


2(7р) = x 


=? Ve ЕТ. Zo) 





Then 2 
27 pt get ет (32), 
On 
(20). = ~81z + TG) 
Ас cordingly 
8: +[#®7 TG] 
- PT г) + 5 GP} 
د‎ + > (82), x 
And 
2 [f2^ F GS 
„алса - 0082] 





T 
—ol— 
і 
м! – 
Eo 
р 


Referviny t Figure a 2, for Pea <3, TR < о ot i So t orca [Аала 
i Wego. hive slope: (oZ/ap)r <O. Thus, AG eundeant Tht K 
most be poni hve at ou sguch ftater. 
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PROBLEM ISF 


FIND: Snow that K > e. 


АЫ; Fron- the development of 5ес- 11.5.2, the following 
Ry pressions ate obtarned 
2. 
ep-cy = v TB Сев) 
К. 
К = X, (илз) 
о 


except 


where Ks Cele. Fo ilo wring the discuss On af E9. Il 69 Cp > Cy 
rcuumStant es, 


whe n 20 and e T >00: Accordingly, except for Sveh speura! C! 
K>t and $e K/x >l , as was te be established. 


PROBLEM 11.58 


FIO: Prove that (38/2e), = ~(%« /әт) р : 


AwvAUCY SIS. Consider Ум (Tj p) and form the did fever 


Зу f, ат + (3), 9р 


With Eqs. 11.62 and 1.63 furs hecomes 








dv = (Vp) aT + (-vk)4P 7 
м3 مي سا‎ 
N 
Since his FS an enact 4c fLfeveu hal , the {est for exactness: E4. west 
be sats fed. Thatit 
M = N 
— (ae), 
Tha 
эсе] š — 
Эр iT эт /p 
33 R К бк 
a &) + BE т^ -K&), y &), 
ay OAN . (ak 
169,85, + Be 265,8), - “SF, 
The under леб terms cancel, самги у 
эк). RS 
© (26 T OT ), 
{с obtained more directly 64 worn h^ Es- Ci) ar 


|l. The danved result 


ад \ = p 47+ CROP 
M N 
and then apple the tet Tw exactness. 


Il -58 


PROBLEM 1.584 


known: Data are provided for aluminum ak 0°9с.. 
END: Deteymine the perceut ехүос in cy that would result (€ i+ were 
assumed thet Cp = Cr. 
SCHEMATIC $ GIVEN DATA: 
FN, T20%e 
| g=z7100 kgs 
lp= 0.421 kk, K 


ANMMSAS - Ea 1.64% can be used to kud TE 





4 


@=7. xio © k^ 
K =1.34x(o I w*/N 


p^ 2 
— 2 J - T 
| Abd S ok 
(213 K)\(7.14K107? ку | kT И: 
ттан ato qu se: e ur 








Thun, Sea. Thats y the Atleromce is меді Ме. Specifically 
d , 846 X = = 
J error (3.89. (oe) = 4.2x(o Foy 


Mole at spedtiż heat date reported for Solids oud liquids are normally c» values, 
Since. These are more easily determined for 50195 ad liqucas thaw ar. 


г O 
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PROXLEM 11.60 


known: Pata are provided Ler mercury at orc, Ibar. 


AND. Estimate the temperature rse fer an isentropic process ło 1000 bar 
SCHE GIVEN DATA: 


GA 770°C 2228.0 Етек, 
[ | Р ! bay Ta 
` | [A 

s 


= TF = 0.0147 т емо 
"ub = [роо bar 


в =7.,8х о?” К” 
а 
ASSUMPTION * 


the temperature. chame is Smal, aud АЛ, ara be 
takeun as constaut. j Ф — 
ANALYSIS: beat with U.33: 27у, е); = Е) . the derivatwe on the 
right hand side of As expression. — 


expanded as follows: 
dT) . 25) 2) <+— 
OP ls El = T) = 

{9S > cC 
ov Р Ф 
T) TT С from 6. 1.55) 
Cota Bp .62) 
: Da : TET 

Ор S ©р 


Using the assump Heg Wwe. COM integ rake 


f: ar = J” Eh => AT = 79а 
+nsevhing iss 


(0. 0147 w?/ lem el Vr 8xco 2 


Lord 








K-t) (213.15 |с) (ааа bar) то? Nim inl re 
( 28.0 T/kmol- k) и d bar | 10 М-м 
22.55 К AT 





Il-GO 


TEeGLE^4 11.@1 


know N: Thea р-о- 7С dat a ar = kertan کەو‎ Can ba. Ap ee pens d صت‎ 
-,. AP 
Ze l T+ 


Uo һал, А „ cC Cow. t Tun t . 


END: Obtain an expression {ar Ср ае verify tes tra بے‎ рае an 
AWALYTSIS: Using Eq. 1.66 


2 

Co- — UV 

р- cv T C x) Qe), 
wita Eq. {1С 

l 
C2 т Qv/ap)r 
y 
ie Cvar, Cr) 

revs Cer 


This requires 


Actor مه‎ n واو‎ 


ew equation of state explicit in V. With 2 pv/R7T, the 
Siven efvation becomes 


№ : RT . AR 


Poo 
Thus 
av . Ё + 3AR | г у 
3T PC р 4 
V\ _ — RT А 
х). 7 p> (3) 


Сом. Eqs. (0- (3) 
2. 


Ё ЗАЁ 
Та та 
І RT/p + 
Ap 2 
= R{ i+ =. 


Witt Аъ) = (-x 


p= с 


?. 2. 
e-e; AL Et 30] = R (4-32) 


Us iw ea Cpl <r ) Cys P/R ow dtes ем. ә S $C حه‎ Cor P. Cop, Cle e 


ö— — — — 


X 
cp ER [4-12] 
| 2241, Hus Dee Єр. 47а} 


- KÊ Жүз з == ا‎ 
Cp ES 
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PROBLEM 11.42 


скоч» ч: A gas obeys tha. van de^ Coaals ее vah mof state. 
:0ع‎ a) Су lav )т =0. Се) Daat سە‎ еро а^ {= (go - Cy) . 
(€ ) Оаа, ep An SSH OAS fa- Cu (Ta Va )— “Сбт, ом) ) Р Û (Та, va) - 305,v,)] А 


= ore.’ b are Coustant 
4) )اہم‎ дэчат 4 сс) «Ё T. (Noted, ў 
Cs ) but га а OA. Cent tends {5 AN Сфьаћ ^^ 4 State. ) 


ANALTSIS! (Ca) Cy +Qu/at), 


Qs) - 32%) ]= SL) ], 


Fuser kns Є. qu. үт 


. Then 


77 


CA . 2 тр . е +(x ~ эру > т ($t 
бе). ` SL ) b], Ї Gr v^ Mi v ), TY Hy 
Using Tre Vander L2 aals equah e" 


ФР. R мр. m RN = — 
3T ^ veb > ALI — vp SES 
That Ө, Cy гз independent of v and elepends only on T: Cveey(T). 
(b) Begin ^ T« Eq 11GB) and моле that Gvirt)p ёз evaluated fr the 
van dey (Waal! -soaheX in Ey (1.2. For ter, 
ово sae 
(w To Cv-b)* 3 v3 


e 
dE s MEE RR 





zap = RTv] L Vo ya 
тыл. TN 
Е . RI 
& eias — 
R Cp- ) 
= و‎ —— 
| = ?«(v-)/RTv? 
к Ж! | ve 
(c) Using dhe resultof parfla), Eqs. WSO and li f 
1. үз. n 
CC dT R т | vO дт р 4, ( №20 ETE. 
SR, v2 \- $(т,,у, HE ^T + (& )av "т vu) 
Ti V T, 
Ti Ve 
A(T va) = ult vi) © | сит) dT + [© (a) = к -2)]* 
* 
Th ôu 
Š dou f — — — 
= [ «m dT = af V У, 
To evaluate these expressrons requires Oulo THe {әлеге Cy (т). 
+ Va - = — Un hy -b 
8 ( Ёт) ат e Rdn CI) T, ч 
Ы | „ү ри 1.4 
Te à 2241 2 AC-T ob (TTY) — al- 
Au = ( Catht)dT “т «[ Va « | Cn ) D = ‘ 
T, 
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PROBLEM 11-63 
KNOWN: For air yt 0.1965 Bh/1lb oR 


FD: 
Va: 0.0555 7/10. 
ASSUMPTION: 
phe specified ttes: " 
RT where ac 27 PY 

саа? 


е m— 


y-b ` Tye 





AwALTSIS: Су = 


will Lt GP 


^W] UE zT ze) + (22) -@Р) 


or 





at Tj x 1000°%, V2 36.8 Ft. 
Using the Berthelot e30a hon of State, dedere; ^e Cy at Te =1000°% 


The Bethele& Cquation descries the behavior of arr at 


RT. 
= A — 
b 9 ^n 


WWJ ұт). Also, Eq. 47 gives Cua), < tOp/at)y-p. Thus 


t 
EA - T (58 u) 
av iT Ty 
Ditlevenhiahon of the equation of state gives 
3pN = £ 2. PY. -2> 
(35. V-b т ту (ER " T?v* 
Tnserhing this inte Eq. CG) and in esra h'ng 
о. че 
A 
C, C5 V) = evla) = TV a 
= AO E Rl 
Fala м 
The value of a is determined using Te and Pe frown Teble A- IE 
lbe 2. 3 
a: 22 ett „эл (545/2492 EERE) (Att) 
64 Pe. o 4 ( 31.2.) |o texit | lof /f17 
4. (ер) Bta 
г 203,08! leg. ft^. CPR [жр 
д ву 178 £+ ot 
= 267.40 #3 (Св). BY 
Ow уе 
№ ceor dx mato ر‎ ё= Ts 1460 R 
= c 2.(267.46)| Lu - eil 
cy ( 7, 0.0555 ۴/16) =: 0.1965 + Tatar 0-0 SS 36.1 
= 0.1465 A 0.006 NS 
ل‎ — — — — — — 


= 0.2010 Ві /ІЬ. of. 
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PROBLEM 1.64 


KNOWN? The specie heat гато can be exmessed as 


"T 
K = = 


` CPK ~ TW 
FIND: 


Derive this expression and use it together with steam table 
data {о evaluate K at 200 loFlin®, soo °F: 


AWACTSIS: Besin certh E4 ll. 67, divide each side. log «pj9vi^3 
pev. = vT 


2 
— = (= + = _vif o. 
Sp ФҚ 


NS ep. 
“Then 2. Co K е d T (1) 
Я | у ТЗ . d = K = £^ 29 —-(wvTtQ*/c 
Ce K ELS ФК -vTt6 Es ( / pK) 
To evaluate K Ag guires с K В 3 OF alterna rel e ر‎ 9v 
\ 1 Pow 7 P at p !ynir 
GRAPHICAL SOLUTION $ 


To find Cp 





(300 
Cp = 370p 
Ws 
(OO °R lb: OR, 
Note: This value Agrees w: th 
data on Agure 3.9 
| Q Р | 
200 ат). 
|. 400 500 600 700 
To find 2V/aT)p 
> 200 lbf 
3.0 P Ты P d 
| "E 3 
"d 3U 2 4. #83 2.548 _ 0.00345 4 
S | 9T/p ioo 9R, lb. OR 
H3/Ib "d 


ала . 
= h 267 Х/0 3 (е) 


_ 1 wy_ 0.00345 
Р B3 v p? aa 


&0 





тес, 


PROBLEM 11.4 (Contd) 


то fnd (2мар)т 


T-6D0?r 


"Ur y 
gall 
2457 





Width — V oJ 7-280 


p l5. o; 


and Eg .CI) qvo K21-3F, wack a 


(2. узу 021 C953 6790 JUL 267K 9 > (egy! Y^ 


X 778.7 UN Быш х/б? a 


э) _ (2.654 7 2.797) Yl 
UP Ir 


Gos - 14s ite) lof] = 
т — 143 uo £E ` 
Їр: lof 
i o^ 
ү әр ) T 
qaz pe” Нь 
д.72 fl _, 
3.04065 Hif 


p Clof line) 


ol O.264 


wrth hs. vada Yeter nar nid Tr оъ. 


R4. G of S едил Ta bles С English L ^x) P Keenan e tod V Uo (leq, M4 


York, 4 оа. 


ІТ Code 


р = 200 // Ibf/in* 
Т = 500 // °F 





dT = 0.001 

dp = 0.001 

T1=T-dT 

T2=T+dT 

p1 = p- dp 

p2 = p + dp 

h1 = h_PT(Water/Steam", p, T1) 
h2 = h_PT(Water/Steam", p, T2) 
ср = (h2 - h1) / (Т2 - T1) 

v2 = v_PT(Water/Steam", p, T2) 
v1 = v. PT("Water/Steam", p, T1) 

у = v PT(Water/Steam", p, T) 
beta = (1 / v) * (v2 - v1)/ (T2- T1) 
v22 = v. PT("Water/Steam", p2, T) 
v11 = у PT("Water/Steam", p1, T) 
kappa = - (1 / v) * ((v22 - v11) / (p2 - p1)) / 144 


k=1/(1-(v* (T + 459.67) * beta^2) / (c_p * kappa * 778.17) 


ll- 65 


IT Results 


В = 0.001265 (1/°R) 
Cp = 0.548 Btu/ Ib : ^R 
к = 3.656 x 10° ft? / Ibf 
k = 1.366 


PROBLEM [1-65 


known: Liquid water at 40 °C , latm w ои couri dara tion. Data 
are ovario. ele [row Fob 11.2. 


Fred ` D e. teruu'ne (a) Cy ‚ Ceo) ме locity of Sound. 





AMALTSIS: Ca) Using Eq. 1b 64 





т ё 2 T Ci) 
= = © meme б; 


Комлы “Tote 11.2 at 40°C, 
-| 
m Е at - 4424 (bar) 
= 992.22 69 = 38S: = 

P ws / 3 385 Ск) 4 ^ 


ое 


(D From т ele AIT, Cpe 4.18 &e3[r2'k. 
PERSAS] мо. Дл Се? 





























~6“ 
diei. ee اا رعا‎ 
| ; 2. -6 3 
ec F (342.22 Её к.) ( 44.24 4/0 ) | bar менм 
yn 
o = 4.10 - оп) = 4.01 FI [Eg °K e 
lb) ihn t4s. LG Y, Hl F2 
к. 
м = — 
e E yR 
a hy Mey к= Sp TIS , [o27 
ev 4.07 
(1.02%) ( bar) | ТЫЫ Гы — 
С. = 42.22 BD) 44.240“) | bar IN 
WS 
= 1$39 mjs Eo. EE ee 














ранени — = | 


E Foil owing thse dices e Sec. 3.3.6, we th ер et late, 40°C 
ved ( vd ot eec. 
Gs Xa Sah ау Vet +o0°c 


2. Ths ASSET pert Co? s ocu [ut fw Ага vid пое у عا شه‎ 
ven St. ر‎ Cr لوم‎ Cy Gre eee 24 ved. 





— — ыш. 
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PROBLEM 11.66 


Known: Liquid water is at specified states. 
Eup: Using steam table data estimate the velocity of sound at (o) 20%, 
Sobar , Cb) SO°F, 1500 ий, 





SCHEMATIC £ GWER) DATA: (Soo Њи 
T T 
5o? F 
ү 
C^) C b) 


ASSUMPTION). For li uid water бл He range of temperatures under Cons idevatiow, 
the ratio of specific heats is k * 1.0.(see discussion гл Sec, ii. 52.) 
ANALISIS With Ее. 14 and the above assumption 


CERRY o6]. x /-v2 oP) _ 


wy With data from Table 4-5 












i60 Thus, , 
d ED EL MAN лотко м.д 
Vir (0.3984 1.0006)m? S 
15 10? е) 
And 
[f | 
(bar) 59 1 449,5 m? \~ | я 
| cz [S = | салатов) 8] Vg wis 
| 4 ms IN 
25 + 
* (5671 Mis ^ (a) 


V x10 *(m?3/ ba) 
(b) with data frum Table А-5 Е — 






2000 
Thus, — 
| Soo әр | е (2000 - 1000) 144 lbt/ # 2-2 2 xil 
OV T (0.0154 20 - 0.015972) Pt ler. tb 
looo 45 
P е 
(Ib fl i) с = (2.701201) bttb |32 lb. AS 
Soo £45 "ES 


= 4162. Als 4 Cb) 


ISAL 1594 S46 1598 10.00 
v x i0? (3/16) 
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PROBLEM 11-67 
Клошмч і. At œ po'st within a Shean 4 arr T= 50°F, p= latu, Ve zusttis. 
Fin D: Deder wk ne. T^ Mach nu ил. le ey. 

ASPUMP TION: Air an г dant gas. 
ANALYSIS. Tha Mach wow û МЕ МС у whe Cw th velocity 4 sound. 
Py an i dant доз, C ù qom ъ=] E7: 9.37 ТИТ bs re duction et 

V atts н: 


M= Aa RE = 
c | 1545 ft-lbf e w-ft 
| «RT ' ( $63)( бра i Er (460 nu H 


2 aus =» MD. n. cR ис зо 


1910 


Ware ж w obtained Ivo. Tbe A- zeC . 





PROBLEM 11-68 


Known: A gas 
porch ve constant . 


obeys the equatonof State; p(v-b)z Р.Т, where b vct o 


FD: Determine if the te "^perafur& Can be reduced ina Joule — Thom pson 


€ pau Sim. 
SCHEMATIC Ы GIVEN DATA 











a enm es Hy _ (27) 

an ۸۵ " Wer 

т N Ax <O РА 
т от" Ced 


«——— Jonie- -Tuom pron 


ех Pan tion 






ANALYSIS: Using Е. th 77 


АУЗ F (Te), -«] 


With the given equaho of state (ъуљт) = Rips Ted 


M= „| S -v] 
“ыкы каз «e 


Ас cov رما اہ‎ tt. Joule ~ Thompson conf reet 0 nega hue, and Sa the 
bt эрек о tute Can Ouly tucveasre. o a Joule ~ Ts ptoa ey panton - — 


([- G8 


PROBLEM 11-69 


KNOWN: A 


gas eg descr bed by the equations { St. te. 
vz RTL A 
E- şte 
where A and B are constants. 
FD. 


(6) Obtain ом еч pression for the tem peratures at t Joule ~ 


Thompson inverscon states. (р) obtain an ex MESS бл for (е) ' 
SCHE MATIC $ GIVEN DATA: 


At Toule-Thempson inversion 5 Та ег) 


My = 0 





Ё 


Ама: (@)А+ the doule-Thempson raversron Shater) the Joule - Thompson 
Co addi а vanishes, “The, Es. [677 becomes 


O = ыз => TY) v zii 


Wit the given aque ом of state 


A 
+ 2 T 


Ас cording! Jj 


(кт, &) E ( &- & +£) = O => 2&-B2» T:2^ — 


(o) Te find Cp-c , €epley G3: еб. This ^q ores (әт) из (20/27), . 
CYT), 4 q ven “+ Egt). Re we dng Te 24 ua han % SrA | 


-i | 
p= Rt[vt £B] ) (88)= R[v* 5-8] 


«s 2 
. grCv*A-u]C £] 


R(v-B) + >-Р^/т 


Cvt А -r у 
> p- ут т[Ё А es 
"cR IMEEM RN 
(v* 2-8) 
Comer 





+ кае. CCp -Cy ) can he evaluate d 4v ow. €3.10. 6 Ў. 
Dr Aun Adae qas A-Íi3- О. Then, 4 UA S 


“ж fs $ $ (0A fer- CcCp-c 
^adoces to CCp- Cy) = Ё у which ù E9. 3.44. J 
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PROBLEM IJ. FO 


KNOWN: Three equations of State ore Under consideration, la) Vander Waals 
equative, Cb) Redlieh- Kwong equation, (е) Dielerce: eq vahien, 


Determine the maki mum dJoule- Thompson КЕТТАТ temperature in 


Find: 
terme of the сс, теь \ tempera ture pte, presicted by @ach of these CGvations, 


ANALTSS? Ea Can be reavranged de give 
(+ бәт), -v ] 


<p 
temperature is determrned CX accordance with 


Sut wr Cp Cb) — tp CT) (Ades gas ) 2 ties reduces -tp 
o 


Ms = 


Нун Ves аў LM VÎ hn inversion 


Aim My tO. Sines 
С. бею Чэ a ton of 


те), ы: 


Also note ahh the Lint es fo S3 ھىن‎ tend, t, Zero Corresponds 
V — оо, Accordingly, the condi hon GH be conardeced 


to thn Жил as 
is 
тетш: шы. 


Ca) van Sev Waals, The per wat d yva Кү. Qv/21), (s evaluated in 


Ex aw pte 11.2. as 
wy . = R/(v-b) = Rv*(v-6) 
dT Р 2a 


_ РТ RT v3. 2aCv-b)*- 
vs (у-и) * J 


< 


Atle a 
> P RTv? ~2alv-b)* 
+ртуч =~ bRTV? _ үктү?+ 24 v(v-9)* 
@Тү?- 24 Cv-6)* 
1 2 pRT 
2a v CV -ь ү —tb Лу Е aw = TT <A ) 


RAVI ea cet FF 


24 
Considering the Limit ar мә оо (i= t м) v 


; —— Ad => т — 
Jim t -V R b 
— з) - Ts RT 
i | . 11.4 wa 11. 4b 
т heo du Cv Eqs. | a € M" RT?) ` ca) 
Ts Aou ФЕТ = ТТЕ a 
LRT 4 
3) 
To evaluate Qvi T), Go. the rela hon 


(6) Red lich - K coo 9 | 
_(®ю/әт), 
ov oP = = 
OT Ip oo), Cog ce 9 Et Plàv)T 


For t^e E *4va ол » the perh'al dercvahves ave, 


(22), = а. NF -RT 4 afl2rv+b) 
av (veo) T> WIT — (v-b)y уут 


(rat), =v Jeet Git ey 7] yj 
م(‎ | ауу сар —— 


чъСуАЬ) Te (ух 
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PROBLEM (1-70 CContd.) 


Upon (CA vro wa ttn t 





-RT э. _ аул») + УЁТ 
v(vAe) "Ti (УЬ) 


v , Cv ^ 2v(vte)T > 
| +@),- «| f 
E (2v*b) RT 







Ve (yvabyeT A Се) 
215 * 3 $) 
Cveby> Alvo) T = v = (! $ ) 2(1+38) qa 
o.(a vto) ) o (2. b) RT 
— „ ВС vA _ ША. 
(ee Ye Cv-b)* Уу rore C- ky 


Considering the fort as v— © 


TIN T àv. " Ёт — a. =O ج‎ су 
уз» oo | ( эт er] й — —— =O => ^ СБР. 


wita Eqs. Ug y 

z S 3 

(D T = S (0.42748) R Te + a 5,34 Te 
0.0804) (62) R 


Cb) 





€) Drederie: . As Above 


Q plar ), | 


2x") а= 
at /p Spi IT 


For tha D ce terse Cquahon, +he perho deriva ћи f a re 
о... . RT „ & [= _ = ] 
=, а ту ] د‎ Cam expl et) ety? ^ (b) 


2 y "e oe 
ep v СУУ ex pl Р: (vb) 
“Thus 
ا‎ ITE 
e * - =“ 2 Pici, — 
C, ү! 2 سد‎ | CS A 
E RN Су-ы) 
У © d М (٤ E 
Аз тау, TRN -=S o’ ^S 5 КӨЕ алырын 
-h A — + 2A 
li C-p* "RTE QU.) CTR ا‎ bat eee 
y =» 96 — 2,0 Р A. z ч» ~24 eT 
fetes Cub) RTV + 6-8) 


= Tz Aa 

چٹ »>> 

"Ete cles rhe RUPESI md fo- a and Ф Jiven in Pio vlemll.t7 
т. 

AUR ет. | ee) 


HON 








— — MÀ —— 


{. The VAAL I M U ил AVES a Te p e co ture. foc A ww: de range et 
Gases 14 e.loov b STe. Of — aa vahan 1 5+6. 
Cound haaa , شن‎ To Red lic (Сах сул e о 2 Û a. 

ر cux‏ ہك 
Ф. mdf iu, (Ln V-Evti fw. de pera une лл 40-4‏ 
New бәү hood STe.‏ 
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PRoBLem IT 


KNown: A certatim gas obeys +he van der Waals 


equation ef state 
® ond has a Spee: Bre heat Cv 


суз At BT cT* 
where A,B, and C are Constants . 
Fin: Derive an Af ua ho^ for „^з ef a. func h'on of и and 7 Evaluate + he. 


Joule = “Thompson inversion state temperatures rn terms of Vj Ryand 
the van der UO aals cans fan ts о. and b. 


ANALTSIS: Using Eq. 1.77 : Az = [ T @%»т)ь- v ]/ep ` De € requires Qv/aT) р 
weer vs evatuated fir the van der Waals 240a fon in Example llars 





Ах в. / Cv-b) =~ R vitv-b) 
= ي‎ ee ا‎ = 
Y С зо/уз — RT/Cv-9)'] 240-6) *- RTV? 


⁊ 2 

> = RTv3Cv-b) VIS a av CV-o)^ —eRTV 

a ere . =» — — — — ра 

i x ` а (v—by RT) RTV? — veCv-b)* 


Ау. Ant pres Siu fw Cp “з alee required . Ths co; bee Frond visting 


Eq. 1-66 
eo TR) GV 


Frum tne Vem dev Waals 4۹ vate, рут), : Ё [Cv-b) „ 7 44 


-Rv30v-b) 
pum E E 2«.(v-b)* - —— E en 


RT v? 
zelve- ету? 


Leys 
А 214 cepe? 220-07) + ۴ 
| RTv — Zaty -b)® | 


(А + 874 c? * 


Ce WV ec 4 ~ Results 
: дом Су-05 BRT? > 
OO Аа 
SA RTv? -zatv-b)* 
(A48 1act )CRtv?- a talved) + RTV 
ART N 


Lav (м „у“ کم‎ 
n A 
(A4 BT«ct)( RTv3- aa (v) + рату? 
At Joute- Tiow рои cuvevsion States, A120: Ac cor da v.s ly, the invertroy 
ty 
+£v~-peratures T ave detevmined ^y " "m 2 35 | ey? 
~ BA ~ — 


E GE E 


Ts 


A 








|. For MEER Waale gas, — £CT). [UNS Probl eux [l-G2a. 


2. Inthe ⸗— рә оу у-у Ov. "bus, pha MMA Au v Inver lian 
de vp are hur е. A D Ay s ТЕ ) Whi Cw Le U^ „умен 
G2: hn ru ^c vx ^b Pao ble us IP FO (a)- 
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PROBLEM 1|72 

known:  Eqoahell. T? A written ux an alternatve form. 
F/ nD: Veri fy Hs atiternatve fru. (а) Using TU s A^ АЗ ر‎ 
obiman an LF pression fr AF fo a gas obeying 

v= RY _ Ap Whee А h a соо twt. 

P TS 

Ch) Using The nC o сз mn ohtra ма d uA Сө), de Hy nau n Cp fue CO, of om 
SHE when T= 400 Ic ,prle™, My = O.SF Kk [at . 


AKAMALYTSIS: The alterno ve e^ ^ Ssi л fer Ms và 


Хт = z( um) د‎ =| + E - т |= EI eX )p- v], 


P P 
wha th a yue wi ha 64. (++. 
Ch) Using у yen Аа а eure deo) we 3^ (у=) = (р )- (АР/7-3 . مسا‎ 


е < ЗАР > Mr ср ELEM I es 


д D M ) ааа А = 4.78 x10? mK /ieg-N and othy dee 

















(c) Solvin 
оң — 
С, - 3AP `- 3 (236a? m: e/g м) (1.01326 Lon N/m™) ТРА, 
^T 0.59 К Euri lace KE 
= 0.94343 K3 سے‎ 


kg. К 
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PROBLEM 11.7.5 


Kim on: For a gas oben the van doy Waals equation, af posture р” C, 
д gwen юч Cy 2 At BT, whe Aand Û вла cons taunt. 


Find: Develop an Cx pros on f Cs (TP) -s(%,P,)) 
SCHEUATC E GWEN DA TA: fa. a 






2 
о Ati, v= VT; P) 


Ata, Va VC, p?) 
Atb, Чо» Vv( Ta P^) 


Cy = А + BT cb pap’ 


S 


ASSUMP ToN: Tha gas vs descr, aed шш van dig Waali equa ton aud Ha 
Iven CV fonch. 
ANAT SS. Ro- ans chro; ca ^4 5 toes 2 fn coU un tems €.$ ۲ vw Ю hom (0S seis] ed . 
SCT Pa)“ S(T,R ) = LST, Pe) - SU, p^) + LsCry p?) - S(T? ‘}+Cscu,e’)- $05, ۳ ([ 
(b له ج‎ (а ~ p) Ci» а) 


iios: Spee tec volumes Vi, Va, Vb, V2 Can sn (ecd loo olun gj Ao van do, Waals 
#4 vo fh ow LIAS fing Хээ pe c ve ftwpreture and f^i ©. 
Using the van Фэ„ Waals е от Н رمت‎ Cop] 2) v = Ё (Сч ¬ : Тило, we Th 


зд. u. SO а. a Е | 
hechos JOE E лыш R ta ) со) 
Se м) : 
ч -b ) 
Sa ¬ Sb - & dn ( сг у 
Then d prceass < ә b) £4 1.50 yu 
tT 
Th 
$ь- Sa 3 | fears | АМТ„ AMT BCT) ©) 
T T 
7 Т 


T) $ مان‎ Ve ол j Eqs. (1) - (3) 


ير (Verb) + ALD + вст, -T) + + э (чы.‏ سا К‏ درو 


-— = — — Ф = ^ = = 


(093 ` Ca» b) (6 2) 
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РРоВШЕМ 11.14 
KNOWN: Air is modeled hy the van der Waals е9 оа 1 oA 
and Cp (T) (eo Table A-2.1. 
FIND: Write a computer ро gram evaluating Ah bebveen a 
State whee (= 294K, P= lam) and CIS A). 
SCHEMATIC f (им DATA: 


"e lata 

t x Fan Table А-1 у pes 37.2. atm, Te= (33K 
— Assumption: The (dee? gas 
ЁЛ modat u valid for de path 1 | 
Cchacle Fig-A-1) and de spectre 
0 Neat func Hon ef Table A-2| ^ Void for 
24% = Ts 1000 (< 
v 


ANALYSIS: Tha evalvah cea of Ah w corvencentiy acconp lished by 
consi dwing tury paths: l= ¥ and м- 2. As noted, the deat 944 yeo de! 


applies fw path (7X ; and So 


лт, 
hy-h, = fe (t)dT= — +Ё (7,'-7,? LIR: $ (т4 т 4 
| 1 Р ) y t’ )+E(R 1) + 5 (т ) +E (7-3*)] () 
where к. RT, Sand € are olo Fw гл ed ‘Grow Table A-2| 


Qe the Van der Waals e * 
Tatton it explret fh pressure | ; 
to evatvate №. ~hy utra i i Ро 


hy - hy: (ц. -uy ү + Pava- Py Vx 
(1) 


wher - Y F 
е (UN Uy M evaluated (yo. €4. 1.51) whieh seduces To 4:ve 


— = eer ee [R4] o 


Wit Е4с. (2) and (2) 
hı -hy Pa Ya —– Ре Ve = afi 2 4) 


The vatue of Уху Can be obtrrned Using the ideal gas Cgrahovef State: Vx = КТ Јр 
vr + The value of Vo can be ohbturned teva Kvety from MAG Van der 
ал egvation имид же speeddred values tor Pe , 7a. 


The over ate c hmg e (na - 4) 5 taan 6 ^» tained {= nv. 
Eas. Cr) an & (4): 


(Mi -hi (и„-һу) + (hx-hi) 


mm = A a me am тә ль چس‎ 


E 4 -(4) Eq. CI) 


This providas +w A— ire d Aa Qe oua for Andens Ah. Conn etu 


і. For +tenupevatures out y Ххх: range, other re ەا ىم‎ neo A 
CpCT) WA aag lan Aoavuived . 
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PROBLEM 11.415 


Two states of eMe leue. (c. H4) are under considerahon : T, 3 T4, 2 400K, 
Pisi bar, р, = 100 bar. 


EIND: Using the Redlich-lKwong equation af stale, evaluate AS aud Ah. 


SCHEMATIC. $ GIVEN DATA: too bar Р. = 51.2 bor 
2. { 


T T:n? оо қ 


© UON >` 


283K 


ASSUMPTION: The Redich- Kwong 
equutum of state is applicable at 


Mese stakes. 





ANALYSIS: The results of Problem 11.44 (Ьу are quoted fer present use : 





^a h, ec 2) ) Ve PON,,T ) V, 2 b! Qn "b X | Ci) 
$575, an) 2 | - А a. A: 2) 
7 Fool 2b He ^^ HE i | j 


where he values of a and b are obtained using Ей. И.8 as 


3 42 3 
0.2 11. b MM 1/2. = р. Беа 
1716 bee (| "2 b = 0.03481 n 


The values of V, aud Ya cam be found илл IT to solve the Redlich -Kwong 

Equation knowing the pressure and tewperature ak each che. The results ave 
= 3318 vf |, 7380.2636 m” lemol 

Inserting vame ical values into Eg. (2) 


3 2 
Mm | 
\ p 10? N/m? 


"NR Ky ль b < 
ے5‎ S S (8.44 LL) ке үзле bor (Temet) K ALT) RN 
mol- 32464| 2(.03181 M3 Y(4oo KY'*| үш, iio? Nm 
Yol 
| tn E | 35.18 | 

















33, 71484 0.2b36 











MUTET Я 25 
hab, = (Goo bar) (0.2636 үө? „у- (0C 33.180} — ا‎ 
С32(71ль bar ج‎ кн» 0.30341 233,18 
(2) (6.03481 m?/kmol) (400 усу! | эз. | 
Ah 





= .2270. 6 b3/lemo | 
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Р ом П. FL 


KNOWN) Two states of CHa are under Con$s/dera h'ou: Т, = ?00K, P= late, Te = 400%, 
f2 2 200 atm. 

n0: Usg tre (б nediet - Webb - Rubiny еза том ој state together wrth 
an appropriate рес. {с heat relation, determme ah. 

SCHEMA TIC g GIVEN DATA; 


Pes 45.Satm 


latm 


e 









Tj; = 300K 


ASSUMPTION; The deal gas mode! applies along path 1-х. 


Ampatrsis: The evalua фол of Ah can be оссо wm plished Co Vei eutly by Con- 
sidering tun paths: ек followed by v-?. For Р laete, Faz I«y.e = 0.022, 
Re feve ner to А А-1 Suggests tiat at НМ: pressure the ‘deal Sas model rs 


Applicable. Tuut, ince Ti and eTa ore in the range of Table A-2] 
eT: 
Ws (Ẹ aT =F «(7 -т,)- B (Fr 38 4 
1 


Where 2 8) Y, ака € ore given ы ha table. 


Since the Benedict -Webb -Rubiy, Ssvahion is explrert fn pressure, uu 
CU чем гек t To evaluate he -hy ос 


We - a = (ч. -Чу + AV, - Py Vx (2) 


where (у-шу) їз evaluated from Eq. 1.51) when docet G sive 
Ve 
Ча - = \ L TÉ), -p J7 
Vx 
Differentiating Es 11.2. 
рү . 
б), 
M 


gana] 7 (A ra * 37 جه‎ 3e „(\+& ) expl- z.) 


Cora OE - ZE. (o F) epl- E) 


v ea 


«9 pa 


= + (8RT+ © ]$› + BET _ AT A) expl- ба) 





vs SIT 
"Гм у 
7 3e 1f à لے‎ a xj S(t _+ 
чз - Чу 2 a TL Vx Ы 7- Lu 4 S v2" v 
L 
e e 
T Y L 
: 7 т. = 
» be 
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PROBLEM 11-76 (Contd: ) 


Tu Eq. (3) 
Va 


{+ = apl 5) 4v zl exp(7 T. )- exp(~2, ) | 
Уу 


v m 
8 * exp(~ E, )47 < — Fa +1 ) exp (^ 2.) - e) + ( exp ( Se) 


Со Ческе о vesults 


И - мх = e zw! + م‎ pls 4 us ^з =s] - 
— Lee C 5) ег )چ‎ - — [5 SERES) 7 
@ +1) 609] 
+ SL gr aed Ay (er eC 


+35 ves +2) exp -= =) (4) 


Finally 


Uz-Uy = (A^ d UE Vs + [э 


Va 


The value of Vy can be found using the ides! gas equa l'on of State > Yg: 
RT /Pe= REIP. The vatue of Va Can be obtained by Solving +“ Benedict- 
(ола - Rubin ә он ом. Tho reiuits are 


Vy: ы 3 м. = o 160 7 wl 
- * 5 
x 32 $07 = ) 27 / 


The values of tu. Benedect -webb-Rubin Constants are obinined fron Table A 2}. 
Accord: naly, all values that are reguired t» 2 valuate Egs. (1) , (2) andl4) 
are Known. The final result ш 


М-м, * 2305 KI ( 2144 Ы ) Wut uu ШИ 
км e «$ 
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PROBLEM 11.77 


KNOWN: Nitrogen axpands iSentropreaily from Т 400K, B=2sdatm © 
Р, 2 Satu. 


FInd: U sing +he Red keh -lcwong © vaton of State together with an 
appropriate Spec:fre heat relation, determine 312.4 


SCHEMATIC $ GIVEN DATA. 


latm 
P,22Sdatm 





5 


ANALYSIS; For an | зем tre оге expansion, Sa -$, =O. In the present case ("t 
i$ Con Vt vest do consider three paths in Serres GOnstavut temperature TG latm 
(x), Constant oressure to R (x-y), constant tewperature u state 2: у- 2. Then 


Ф = $,-$,7 (2-54 } + (Sy- Sx) + («~^ S) Ct) 


Since Pet $3-Sate, PR 7 Vex. = 0-03 ) мл со ило that the « deal gas mace l 
{4 Appropriate for path *-Ч. As 1-х and y-? ore at Axed tew pera turge; 
and the Redien - Kwong equation rig explrert in pressure , Acs Conve vues t 
to Select |. £4. 1.50 чы ЫСА aeducer 4p 4 ги е. 


3-3 = f (2) а دو ر‎ [ ёв) 4 
7 


і 
Tr Флоюіеһ 11.496 jan expression for these integrais iS obtained., Thus 


esc R MLSE) - тыта ML 9) а) 
- Vo ^o V 
~ — 2 ы | Va -b — Р PT  — + pas 


The vawe: of the Constant? a and b can be ою tee d from Temm A-2 
The value of Vx Can be Found u و‎ the ^ desi gas equah o of state: Vy 7 RT / е, 
where {62 (а. S. larly 2 му = RT2/ Py ر‎ where Py =latm. The value of Y, 

Con he obtarcned оҷ Solving the Red lech шол Loua hon of State, 
Enowinsg P>2datme JT = 400K. Similan, V, can be fuund by solving 
tre Redheh- Cesong Lauahm of State j enowins h and f; zs ote. 


To obtmin (34- Ey) ر‎ Eq. 6.14 Can be used: 


< -$ - X 
4^ > PU dT (4. 
Te s, T ) 


Where Ce(T) is the Ades! gas Spee Һе heat cp. Тие Cp (T) е (ом even 
in Table А-241 ‘Ss valid fw 300 < T' < 1000 ) fo a relation that is more suited fer 


the Чех реба utei Unde, present coutdevatron FS needed, Foy exe v-ple, 
Table 1-23 of the Handbook of Tables for Applied Engineering Serenc€ » 2nd Ed.) 
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PROBLEM 1.77 С Contd. ) 


fe 280 T <. оос. Anot ner Source of data 14 P.2-2 1 of the Hand book of Heat Transier, Me 6 rao = 
Hill, Seo Tork, 1973 (. M. Rohse now and J.P. Harnett , Eds. ). Also, note that the dada of Table A- 23 


suggest: that Cp of Ma Varies oniy Sl; hits fe temperatures below about Зоок, 
Using tabular data frown the Iiteratuve ә амі appropvisle 
o polynreual Expresfron fev 
For m of Table  A-9t 


cCouputer Software, 
Cp can be developed. To illostco-T€ , tha eq vation 
baught be tuployed Then, Co. (4) would qve 


e. e a T = WONG: t 3 2 $ 4 
{у-у REX = È + вте) «x Сте) + £ (05212) + е ntt) G) 
Uo bare oe) Зуу, $, ond € ave detevunrned as indicated above. 


Collecting Eqs. C0, 02,0), and CY) 








3 y -b 0 Vk b vi 2 Ta ( ba (т: г 1 
IR du | К |- — [ z . & Ih RU adn B+ в -т| X л jc 
m | S -b aes | Ta v. L 7 P as ) 





= Va-6 о. a+b ¥ 
m - tn | “2 - 2 taf AS „Ууу 
i (т.727. (ъ%-т,*) ] + i e o 247, Vy + ni (e) 


The following values are known: 


Th, V ‚ Yx J 2,6, A, 8) У, 8, ER. As noted above, 
Vy and Va canbe determined 


fr ow Anc appropriate eG oahon of state Using 72. and Py = Jatim 
and P = Satw, respectivete, Accor dangly ) the computa окна! p^ocedore is то 
Specs Ра T2 » hud Vy and Уз аяд check for closure оми E$. (6). The 


use of c. computer re Clearly ги du ca de d. The final result c T2 Z ~ - 
12.5 КҜ. 
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PROBLEM 11.78 
KNOWN: А Substance has tne property relations 
(v poc phase ) Ve RT _ Bp 
Р T> 


T 


(ideal gas ) Срь = constant o<T<300F 
(Joule-Thomsen | JMi (те tef [n 260°F ) = 0.004°R. £47 lef 


where v: f{%/h, T:°R, p: Т7, R= Soft lbf/ b. 98, B = 100 H CRY l- log 


FIND: (Ca) Compieje 4ке table 
pCibt/int) | м (312/1) | Св) 





s l B1«//u-9P) 





(v) Evaluate У М5 at  800?F,'Y*Ibf//n* 
SCHEMATIC È GIVEN DATA: * E 


da Stade 5: 3009F, 15 ibf/in® 
St«teQ: 200%, (olotiin® 
T 200 
(°F) 
100 
о 





ANALTSI$: (A) Using the given expression for In Psat 


oto*F: ln Psat = 12 - = => P= f= 882.37 et / 4t ( 6.128 tuf ln?) 
at 100°: In Puts 12 ~ X490 э, Bi hy = 240402 tet hE Cis.sce 4/40) 
ERES NES Seo 


State2 у With +he above pressure Value., and the vopor phase equa tom 











of Stede 
f е RF вв Co dM Ihe) eoe) _ (too 4+5 (9R/ 1:0) (682.37 lof] f?) 
АВ: t 882.17 Ibf / fre (460°R)> 
= 25.67 41?//Ь 
Simi laviy 


Tz > 2240.1% l Seo) 


v: RI B36 „ Gop see) _ Ссо»%(@24о4г) . 1.74 fij) 
"s 
Т, 


w: КЇЎ BR бо) то) _ (eoXo2ton) . 17.20 ftlo 
Pr Te 216O боо)“ 
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(tte 2/4) 





PROBLEM 11.7% 
Using the Clapeyron equation, Eq, Il. 40, 
© 
- T, (a= 
has + аг ve) AE) a 
Since 
Prat = exp (12 - 2329) 
dot 2 оо exp (12 ver) - «0o Psat 
ST те т т^ 
So e 
a V. 
hc Ту (rev) | очор RE] Cavoo) (vs - ^£) б. 
Te 
- x 3 ет? А | 
> (adoo%Xas-es esie. ‚37 bf/£1) lei [S 1. 60 — 
460 R 
Then, with Ед, 1-3% 
0 K 
~ 2 ha- = = 151. 60 = . © tu 
ЕД 2-76 => 32 aca o. 33 8 
T 
са) 


Strate 3 | With €4- 11. 9 2. p 
3 
(Ts, Py) = ИС) + f. [ v- T eX), JP 
(2) 


Р. 
(m+ fo CV“ TOR) Jap 
(3) 


"Un, Pa) = 

Where with ThE given equahon of Stade 
er) - T(& +282). - a BP 
T2 


(v - T) lE (6 - 
«t (- ew 


Accor ding ly, wi T Egs. С1)-С3) 
< звр 
hg- = wy - (т) + C ү: E :)de 
s E р B (4) 
= јат ~ 258 4 RERO. сы[зъ]-%А g(@)-(4)] 
n 2 Ta 2. ix 
where Cpo i's given in the problem Statement ао constant. 
To calcula te А-и, requives the value of Cpo, This Can ое. determined 
2.5 follows: A pnta ius the dert fr ex ac] nett de Є; 0.5"? gives 
2) =- TY 
Эр چ‎ $0) 
Then ,; paralleling the developmen 1 of Cs // 8} 
P Kr 
Cp (Tp) = Cpo(T) = -T { (БУ, 
6 
fromthe given рдөн hom of state viar ) , > -¢BP/T4 “Thus , 
a 
Colt, pY-Cpo CT .-TÍ евр \4р= 3BP 
РСТ) nY-CpoCT) : ( ZF )ар = 
CS) 
“The value 


= Cp (Тр) ~ pis 
== 


Ёл err ^^ ny Хы 
Cpe 
Tuas сро Can ve hmd froun the value of lp at any state 
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PROBLEM 11۰78 


= 


(Contd, — 3/4) 
ED Cp at Stale G can be found ا‎ Hea Joule-Thomson Сое} {месел That 
wth Eq. 177 
TY) уте 38Р 
| (бу Р v] Ax T? 
At T= 660°R, pz [440 lof / qe 4tis Gives 
c, . BL ton FF od SCF enn AS г 0.3187 Bh 
(o 004 eR. $t*//bf ) (660%R)* 778 FF lbp | 0 Т": 
“Then, situ 54 (5) ; 
2. А 
(2X too) iago) |5 | 
= б.3! = < 0.3159 Bt 
Cpo 3187 (6663 7?9 4 To 
Wetwedng to Eq.(4) 
= оо £43 (og) / Ib. tot ) | (2240-12. 292.37) ](1ef/4 ا‎ 
hg Мус 0.3154 (loo) 3 = ) Gata atoa) -( 22 ie] Jes d эте 
Then, with the Pre wouoly determined Value for he, изъ 199-8 At //b 
With Eq. 119d 
S(t p)-—s* (Ge) = ( [s - 35) J+ 
Using the Aven 24 ua hon 4 Sai €. 
Р ВР 
SCT p) g^ Crp) = | [S -( «эВ = E lo) 
o 
Using Eq. (6) 
2. 1. 
eo _ e ET > 
$a — 53 EN y Sam Se а. 
2 
Accords njis 
+ * 8 і A 
Se-s, = Sg" -S2  — 
$72»: > 
= Cho bed _ р In B 
Ta 
Subsh' ме Va ues 


в“ 
53-51 2 0.31344 | 260 s|- € 


n] 
Ta? 
2 LN 
$9532 
(зев) Geet ay (82.37) 37)* 7 
(Seo) ` (460) 2 
= — 0.006038 Bha 
(o. ©. 
Thus, wita tre preniousiy determined vacuae fur SL, S3: 0.32۹96 8 tulo. R 
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PROBLEM 1.798 Cond, - 4/4) 


State 4. Using tue Clapeyron еол ‘ы 


Ma-ha« = T3 (۷-۷4) Ge) 


fat 
Tuus 


hy = hg — avoo(Vg-Vy) Р, = 190.81 - 24о0(11:74.0:03) (224041) 
T | (Seo)|778 | 


3564 Sty lb 


And wor de G4. 11-38 


$$ «54 à из - иҹ̧ = б. 2. 54 =) S4: б. 070 







s BM 
Ta le e 
SUMMARY: 
TCF) P С.г) 





0.330 .à.. — 


1-79 |3529 180.81 lo.0705 0.2240 


(ь) To evaluate vs ر‎ hs, Sc. 


With Ave  equatoaA of staje ر‎ М2 17.20 12/ (b (зал. pagel). 


Fo Ilo wg Фое fame pan cedo ves e$ vied û evaluate Аз and 5 


hs 3 ha + сб T~) - s [GET- САУ] 


Ty 
1 
> lef 0.3154(300) - (X109) Ke — ا‎ | 
3 2) (74) еә”) ( 460 h 
= asa Gh e 
цо 


2. э. 
Po Pe Б 


wm 
-e0N (sx aleo 
2 3 ye 
(=> (ziko) _ ($82.37 
778 (760) бељо у? 
$5 
= 0.4303 g^. ö— — eú üú — — — 
le OR 
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PROBLEM 11.74 


FIND: Beginning with 64. N.46 derive, Eq. 191. 
ANAUTSIS 


P 
S(T p) - 5% CO p) > А L5 - ( X), | 


it vs ZRT/p 


wy - RZ 4. т (92 
Tp р pop 


"Т wus 
LS - i): E (i-e) = E 6%), 


With T= Te Tr, P= Pe Pe (32/37), = Ж ( 2t/27e)P.. 


5 - cy LA ue | Te Ga Jee 


Co lee ting леси 1+; 


Р 
R (i _ RT oe 
(тр) -S$ Up) = |, aa 2)d p t >= Te й 


Pr | 
- -2)d fe 2054.79 TR 9t 


p(T) - WO gc me (Ea. ui ¥) 
R Te TR 


So 


Fp 
s*(p) “SHAD TM) hp) +4 ( (2-1) gfe 
R tTeTc. ý "e 


Ос ом a per wole bar's 


TALT p) = stp. Ti (т)- Сог) 4 "G-U) * — —— 
а Fe Te fe 
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PROBLEM 11.80 


Fina DD: ta) Derive an expression Giving («Cr v) - аж Ст)]. сь) Derive an ex pression 
giving (s(mv)-st ery]. 


ААУ SIL: (a) Eq. He 47 9 ives 


^u. 
=— = TAR = 
(25 T Se е 
Trntesvatng frou Specife Volume v^ to v at Fixed T 


а(туу\- ult v’): f. [ тёр), - Р] dv 


Adding and Sub ach ng uk (т) on the le £+ Srde 
v 
lut v) - utt) Jd- (м(т,у^)- ч*(т)у)) = L [т ЁР), - Б Је Сг) 


As pressure dends te zero at fixed tempera turn, the interna energy of o 
Subsinnte appreaches thet of ts ideal Sal mode 1. lhwaver , — Cot fixed т) 
(с equivalent t5 l^ (fred T) . Accordingly , Ga. (1) becomes га the [га as 
ү!—ъ== (at hxed T) dar 


v 
pe | utr, v)- u )۲([ - Гости) کہ ۔‎ )۳( = L LT ( E) -p]dv 


ү! осо 
or M | (а) 
u(t, v)-wt C) = (tr (38), - v14" ا‎ 
Cho) Eq. 11.34 Aives 
25 > 
=). - (22), 
Tuatesrathns Kow Specife volume у! t v at fixed T 
v 
s(Tv\- S(T, v) = \, (à) av С) 
Њу an < dua 445 p-nif[v ) Fo брт, : R[v. Using thu's, Es: (1) grves 
trc & и ade 4 as 
"E 
се (туму - ovs | у dv (2) 
Sub Мем € 4. (3) from €4 CX) 
У 
2P an R 
(бету - +v] Саме) -5" пм), COR sib (€) 


As woted tu pert (a) ) aS (pec. fre Volume tends te би фи? at Fired 
dew pera art , фила зр ес с entropy of a cvbsinure Appnoathos Haat of ts (deaf 
ges model. Tuus ги the Liust ae y'a (at fixed T) , 3. (Ф) giver 


eno LOE a — e 
со 
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PROBLEM I.3! 


KNOWN: The eq va t ол of State rs 


Z= t+ BOR) Pe 


Fio: Derive expressions for +he enthalpy ЧЧ pg departures, 
ANALYSIS? Beginning wita Eg. 1.84 





R 
E-W. [| (22 s^ 
© %. 





КТ, Тр. Fe 
where 
(22) . dB Pe 
MrJ dTR 
Taos Ре م‎ 
T L R 
hoh „ ту (38 Pe) — 
<i. (ane 


Ü 
: Te (48 Pie 
ie 


Beginning with Es, 1.41 


fe 
(Dp) (Тр) W-h 21) dh 
= + Í C ) * 





R R Te TR 
ت‎ 
B fk 
1/48 
- Te 
= RR iT + 5% 
d TR 
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PROBLEM 11-82 
KNown: An expression is provided for the enthalpy daparture f 
ue whea an € qua h an û shta exploot LW RASS ھا‎ » Los baud. 
Fred. (a) Revive the exprsssrong C6) Using (A) зоол an expressi an 


tr tw an Toe epu departure fr e. 9 25 O!2 e sr 4s fva PadUc^- Ёо елд es oafra,. 
C) Unis Chg evaluate ah fw CO, Wi a Protoss at Зоок four 50 Gre bar . 


Atoa cv SUC AB e 4 heus with. h= ИСТ, را۷‎ огге dhe 24 ) dT 24.) dy. They, at fixed T 
— — at ѓу Ov iq 





ы dv 
— W 

dup: 25)4v < 09%) ncn) =f, Ge), са) 
во А nava = (93). + @се»)/зу) . Ta he la cig Cy Ue T, thos lat comes 

oh - NE v 

эм) s (722, в] 2). 4а) 
Ju — ting € 4-12) we ty En 

wit, v) - WC, V4) = ( әр), -p]ldv + Cevi(5v) -LeviG@ v7) (2) 


v^ 
Tı ке. Unut да po» e , v/— ә ала [ev]Cv2O- RT, h CT, v*) 2» L0), 5o 
ү 
и (Tv) ¬ Ww (т) = ےا‎ LT) pay + py- RT 


ev 


v 
wen зб = жега > AM Г 0,8792 
Na amt 


wiin Ta Te Te ) O^ Ф pressing — a wolo leas 
ч — 
(Ut 59v А ) 


Wei Qo Tel- - FF 
R Te 


(p) Using Hr Redkich ~ Kwong equation of, Ste, 


=” a. a — 3 e. 
TRE) + timer C p+ ivgu 7 X) i FRE 
v -p 
' — چې‎ — - 3 a dv 
ie - RVD _ -A. 32? (uuu 
= [1-2 R THO), Vb) 
C = 
v A t+ X. 
m wek) =- La ( = 
= (4 ) 
тъ : Ba, D E) — —2 
BL тє LI E * ль T”? ( Y | 
c 


— Teu A- F, the 
2 b =20 bor Obtearning о) fro 2 
с) Am BOOK, В= Sobar; Pa 20.3479 vw) رامن ەع‎ Vis 1.114 ме cme. 


solued © qv€ 


acl t4 ch~ Cuong asvate С. an موأ‎ _ | 444), 
“T we ter rat pining Чеда Z. are 2; = 0.6797) 2. 2 0.897. with 4 у 
| + &/¥; 2 
„о ee _ Za 2 сє) 
ha-hy= RT | 2, Zi aT An | та "FEM 


"La Sar NUNS values 8.* , / 
s (6443 bar (Bu) (к) |i e ad М esa |] 


— 297-0697 ت‎ ——— 
- [9.31 Ез, Узео [о 87 | І 2 à 3 ©. 02463 
ho-hi (3 — ) a(e 02963 = {зз Y 300) 2 i+ —— 





2 
— 
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PROBLEM 11.83 


KROWN: The eqvaten of state has {ue for nw 
4A _ 697/64 4 Pe 
= pe B — — 
TR TR 
FInd! For water Vapor et | SSo"C ,20 MPa, evalvate v and Cp. Compare 
bita data fon Table A-4 and Fig.3.9, respechve!y, 


ANALYSIS: At SC) 20MPa , TAU A-4 qe: v= o. 01655 mlg. Fa. 3.3 gives 
Cp VAIS 65| kg K, 


The eg uation of state Can he ex pre sted a thernahve le as 


РУ _ "A. 27/64 a) d کی‎ el 1 - @7%4)Te ]( RT 
Ex] — ET +; МА ЕЛ | 





T| Te TITE 
Suosh hrs Values Be Ta ble A -1 


$314 N^ [iis " (в _ болда) y ast #514 ы. — ) 


1602 5:6 2oo Mee" $23.45 gor *5'F/X zac 4 xcoSP 
= 0, 0162 wî [kg — 
Comparing With tne Shean treble value 
( оь? — O. O/eSY. Усе) = E ا‎ ul. 
О.о УУ 


D C&even ha Ning FAR Меи es 42 0 fy ow of $ tr 


= — — 4. = чудь = 
OTR) fe” B eR 32 A^ PR OTR /р E 


Soest tv Pies TU s ian Fo Eq. 11. 24 
| 4 


| PR s = --3 d T. Р 
ие CO nU e [ae ED = E 
R Te 0 


Or 


TM dn de^ ud 
whe) 0 (т\= Те | 7 3 ж] 
Buk width Cp > dh JƏT)p , Coo * ай AT ر‎ thas yields ром & ffereuha hon 


d le 
1^7 st — 
Spo Se ex rte LB- $2 Tel an" dT 


E RL 


Cp-Cpo 7 (32 ( (B.02 — q ou) Bik. 


Evaluak nj Cpo Na. ha op propria ke ex Pre SSE 4 UE u ы “Ta ole A-Z), 


th 


Ji 





Ср 3.163 «3 /к9.0<. Posti 
246 3t 0 2/0 = 2,3&1 EX DOS 


Pe | | —— 


Comper ins wih dw Valuer f nn Fig. 3.9 








O — 2.164 = 215) Eus ша O ecce какан: 
E o 
| 2.4 V 
l. The уре e5 va ћ e^ ef £fade used dees a fair jeb Ж re presen hn $ 
A qeu varrak on hue does ко} suf fice to gre ld af he r pve oper fies, Фосл as Cp, 


accuyate t 
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PROBLEM 11.64 
KNOWN: Steady-state operating data ола pour ded for a Села у. 86 r 
for which ethylene ve p^ work ги florid. 
IND: Evalvate per kg | е c4 lene о pha (a) work nequired, 
(b) heat dtrane tar. 
ی ا ا‎ DATA. 


= Рур 2 f.-teoberc ASSUMPTIONS: 
1. The conWol volume is at $ te aly state. 





— TS$40F 2. Compre S$ i (^ OCCU w: thout 
| in bey voe A ir rev exa Фу lites at fixed 
ie Pztobar tempera Coe. 
à; $. иене and potui te ТУЕ 
Vv Heg can lee rg md | 


AVAL OE: For tts case, Єт, 6.51 à ерр hla . Since , 
уу. = тС: - $,) ر‎ where CSz 7S1) ц obtinet (rou, E4.1.42. 


үм -\, Pe = = 51.2. ar , Te 23 K. Twas, Тк = "Gas - = 1, 2, Fat = 0/92) = 0.2, 
Paz = (00/511) = 1.45. Than, Gon Rg. A- -5, Wwe get (S&S TS) = 0.08 ›( $ JE 26 
R . 
c 





Thus 
-w Ф — 
€*.-8,- 5 s*n)- St.) - ч -R| (= zi (FÊ) |= -& tate a (ei —* (S) 
DEE R i 2. R і 
= 0 трт 
- 0. = - 29.47 KI 
= peii E) to 4 1:25 -0 di 2.2 Ыза 
` Co) 
> P ل‎ x: J 
= (ae) = 340k | - 28-87% KI REESE 350 K [є9 SS 
Ra dock my, wase © er تمہ‎ — T (vei) = ер) Chi-h2) 
Frou EAN, we qet Ec = О. d ) bte ea) = 2. Then, u (d. €4.1 857 
د‎ 
= = TD Tt st SR an Т, - 4352-7 61 
es el J -(€ __ | z-0.15]= 
ha -hı= hy -hi Bd d у а 6.31¥ )(2@2) E 
zo qT 
25 = 4382.2 és 3 
"oe aes c ү. 
Бали, со.) 


(Ser = —360 «15$ = 11S "le. 
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PROBLEM 11.85 


KNOWN: 


Steady-state operating data are provided for Ha adiabatic 
Pant Съ of CH 4 Мамы, e turbine. 


FIND: De feornune the work d evelo pod poy Unt Vass flowing and 


Compors with {Се value ob лме à uti ng fre idot gar nao dal amr” 
SCHITEMATIC QPGIVEN DATA: 
whl eu ЧААК Е ЕДЙ, 








Cpe = 55 3. ASSOUMPTLONMS: 
> Kio le: K І. و‎ con tyre | whan tS act Weady State . 
Cha EN — 2. Qey=0, Kinetic T tu ten fiat Heya affects 
=300K | ! T2226 ае иене — 
&,210 MPa 7 3. Ths idat geo рал тс bast Coo ^ 
Ра |р s WS cons fant. 


At AUTE: зета Wats and € масу rote o — | we g 


. о . 

(=) + (и-н) 27у ee shisha ر‎ wha Chisha) can ba found 
w : W^ 

uS Eq LBS? 


~e zs = Д? А | Пы 
esed [Gr n (Eg) CE) ] 





фо (T,-Te) 
With date fron Tatts А-1. Me 10.04 «9| киле To= AIK, Pot 6.4 Бағ, Thue 
- Доо. Я = 22V . l-1€ = ico = 2.6 Р = £0 = о.4 
Те i 1.57, Tre EET ر‎ Pri — ) "R2 acd 3. 
Then, —X Ra. А-4 
ww T -y T 
| mds nh ) = 0.34 
R Te i R Te 2 
$e, ( 
e ]ي‎ || CE Уза-гатуқ - $i ез. С^ ug 1-034] 
ie rr] Leg а X 
- (048 | = ۰3 Ks] ج ا‎ 
Ж (2) 22 \ Ko 
The idant qao vate Б 
| -« req ра (п-т) = Лен a 
mw 


162.5 


whack ља 60 ар thon +з. Voter Фо o A. end €4.1 8$, 
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PROBLEM I1!-¥6 


k A209 ^N S teady- state operating data is provided fora Compras OY fur 
وتم اع ناسا‎ v5 T0 Working flud | 

Fimo: De fer vue ths heed trans fr va Vint Ve: of Ma Flowing. 
SCHSMATIC RGWEN DATA: 






А ASSUMPTIONS: 
" We ... 240 KI 1. The см рі volume ts at Steady state. 
M ! — ка 2. Kinetic ð poten hod Serdî Chendes 
сары! ! Can he ig моге. 
—— | a= 500k 
P= 1.51 کا‎ | P,:8MB, 


ANALTSIS: Reduang mass and energy rote balans, ure get 
Rev .. Wey. А (и-и) ر‎ Whee Cu -h,] can be found vias E93. U. 885. 
W^ i^ 

wm dota fro. Toh А-1, M= 29.01, Te= 126K) р. = 33.49 bar ر‎ 


Tai = $00 _` .3& т = 550 7 * IS. = = xO = 
RI с - 2.3 ә ee ize = 3 TF, Pri 23.3 0.494, Pra 73.9 = 2.36G Я 


From Figure A-4 


- »-— = №№ vy | 
УР o.!2, (9). 0.04 
Rte 4 Rte 1, 


- —* 
From Tete A23, N= Вто к/к у ha = 14.801 eg | Ero > 
Thus 





- T m 
ha-hı — i he SM dion Rte ja ЕТ. /i 
Ф — K 59) – 9723 ) — @-314 (26) DEL Е 0.12] | 
28.01 м MONIS 
S858 - 8i. 4 
= 210.3 <3 Fa 
P reda, 
Qev _ — a¥oKJ 4 о.з ЕЗ > _за.+<ч IRE 
"M 4 Ej 








L In {hic case, tha i dent كەو‎ hugs Селфи: buthom dorina tes. Ас can 
be Seen fe ow R4 А-2. ) the large TR Values 9 ive 2 2 | یں‎ г Tao ut 
AA qers fec Hm. 
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PROBLEM 11. 8F 


KNOWN ^ Oy enters a con iol Volume at Steady shte wit a masr Stow rat 
of 4 клала at loo bar, ZETM and is 


Compressed de alba h cally 
To I30 lear , ook 


FD: 


De tct Power бефо. кеч and {hs Aat, 4 е^ бәри у рео ci’ n 
SCHEMATIC T, GUEN DATA: 





p. i X 
- Ut 
O2. | 4 4 c9/ ^ 
toomar \ | Sb bar 
287K M 400K. 


ASSUMP TOONS. U) The control volume Shewa tn tHe fg ure vs et Stas s tote. 
(ау For +The Contre ( volume , Q« to and 


Kine tre / poten hs Cuers y е ffen ere nes lige ble. 
Коой TSS. (doces wass energy , and еи үру balance 
we = hy - из. ) Sev = $, ~ Sa 
Y мА 


Using Eg. il. BS and Eg. Ual +o evaluate Нас E via the geue ra lized plots, 
Tri = 277K = {. BL 


obe + 
Per 2 I 
Ite 2 


> 1. 18 ht- h = = x 6.2 
Sb. уба = ] pE TES | t 














т. £99 . 2.60 | Aa. BUE. A372 | 5-048 HE] x o. 
IR2. = — = j. ES o ка)  L de 
For Oz, TebRa A-23 гоо WEW = gsss-uyTM = -3356 [Еҝе Tua 
-t T “KT 
چ چ م‎ (WER)  ) zh 
wee, XM EROR TEE]. -age - (E24 }гпзч\[о-еъ-о.3] 
МА : 
M 
. 7 104.9 - R = = 12.9 к/к, 
ДА Ww 
оь ` 9 НЕТ E min геч? | = —l6.QteUr eT 
сут ч EM u) Gor || e. 
Dr. gers РЕ" ond data fro Cotte OS 
iQ 2 6454 €i. 
Aste 213- 7d ¬ 203.96 ^ 8.313 4 155 = 9 сило? · IC 
А Ceor Фл 
s. а-ар (50) 
Sw AS*-RiV FA CEA) 644 _ azal 01-0 03) = 0.1286 E] 
[A +22, 


t = 
0 Tev > (ars Y (0 Eb A o | а. [Ee 





ЕС |= 0. 634 سام‎ di — — d 
tels. < 











l. Owing U thre approxima te nature of fe trreuns d ata From ta 
generalizes Chart, ex treme 


wi the calcula kd Айди АЛ skvutd 
vot Фе Le pected. Tius applies with great effect fæ entropy evaluat me , 
ол см AAR genevally fener 


hve te Cow redu. 
lt -13 


ACC aqac 


PROBLEM 11.88 
KNOWN: Steady-state Opera h n4 dato. are provided fra turbine w 
(АДАА сс. ar qom IS th Workrne "lord 
FEIND: Deternune per Vut mass of argon Tans Ca) the work ر‎ Cb) the 
Сило A enhopy produced. 


ASSUMPTIONS: 

l The control Volum 15 at Steady Stak. 

2. Qey =O jand Kinehe © Potentrat € uar 
Change S Can he ignored. 


ANALYSIS: Reducing wari e 
La fd dos JE. Ld ner evel елү) 
Halan try, Co 2 get / ot 


ma y^ | 





whare Eas. Bs, ILI} ave Ward do find Chi - ba) , Cuz 73, ). Got daton free. Tohle A- | 


J 
M= 3444 jined, Te = ISI K) р 248.6 bar. Then, 


Tet = BPC = ъа, Teves 230 e 086, Perz 009. 2.06, Pare I - 6. $2, 
Ist ish 4۰6 46 


Also, fran Table A-21, pk = LR and Fran RF qs: А-У, А-9 








) 
l*.V T4 Ф os c cT 
hh = O. h A) 5 ر(‎ 0.2 ES = 0.18 
(BSB) = оч, (Жыл) © , (UA) 1 ( ie «е 
“Then, 
-3 T ж v 
: -* lt). RT a | (JI E SE us qo) -151]o-4- 0.38 ] 
A. L [i t) Ее k g tc /, 3144 m | | l 
2.5 R(T, -Te) 
s db 2 lieg, — — — ta) 
Awd wi Eq. 6.23 
| use Ga €T 
Sex. (ао س ۾‎ (- RASE), -(%= 41] 
mwm M ( | 
В > 4o .2 0.18] | = 0.026 KY a 
O = Bak (asme Tn ee ee Fak = 


\. andes to Hs app rox: mate nature A, fe семги dadian. frenn فیا‎ 
de^ rose d eC bos ) €x fre v^ Accurat tw tthe Ce ecc su Pid revo LT 
иог vet be ty иа. Tius Ap places unha af pork d 


ehm evawoh me ) Whack ar ает teneu © + ло аи еў . 
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PROBLEM 11-879 


сһош №: Оз undergoes a throttling (2 کف‎ fr on, бо bal, SOOKE to 20baor, 
FAD: De dernuna thre temperature aftr therottH ing J Фи Ч Compare with Har 
Value obtained asins pha لمعل“‎ sas model. 





Valve 


‚ " ASSUMPTIONS: 


tN |. Tho expansion across t» Valve adheres to the 
p zioobar ~ ^ Р. = 2obar throtilins Process odi of Sec. 43, fn. 
T > 300K. Tz > ? wha ch №, = : 


ANALYSIS? Using Eq. 1-88 wih hi =h; we sef 


— Jr yon M 
тст) — Rt] | = rare -R Te [£z h 
2 


RTc с!) 
Wa rth date fram ТА, А-\, Tes IME, Pes 60.5 har, 
- i90. |. ~ 20. 0. = 322. 1.4 
PRA ее 1.4% , Pere — 4 у TRI Th LIS 
Fg AM ques | Kak] Lo. . тол 4-23 qu “= ee 
R te E 
Thus, Eq- U) Хе cocos 
— 
= -h] . BBC ES EJ S. 314. ЕЗ 
Ww G)- sane] ل چ‎ — £) 
очо. 2- 
= $036 K>, kī (2) 


Yol 


C quet m (2) can tuan ke veas d Us a wriat — uo Ue. d ato T nw 
(D Tasie A-21: and fra Кә. A-M: —_— 








1 Thahng, Т, = 280K. e 
1. At T= 280K, Toft A- -21 44v [AME CI So Ije nal, P 
Тк = (2. 80/1 5Ҹ)= 1۰82 At Pr OY, Ка ^ uaa AN 
4 t T = — 


(ә. d Mea v + Ko apt tga b. 4 





WO - kaon EE] = FISD ~ CRI) (UV) (0-1) = 22 £ , 


ада 1% qhu Andes eelt mth ^4 Nea‏ ما سما 
of Eş: (QU). n nea Ал е. 4% л A Ала‏ 
Ороого Chanti do» wt hf ad dy hamd А‏ 
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PROBLEM 11.90 


IAD Otay: 


Steady state Operating data. are provide d for a Steal. turbine. 
Fred? 


Using Thre Jeueralired Charts s de der c AC the wort devetoped per 
5 4 steam кы aud Compare wita the Seam tette Ара utt. 
SEHE MATET гига DAFA: 


"g 85 





Р, = Зом 0. | 


Ts Goot \ * 
(873K) `~- 


ASSUMPTIONS) U) Tha contol VOolow е shown (A 46a figure tS at p stet 
CQ Pe 41. Contre | Volo ure, Qc =O and kchelr ad | 
Mews у ble. í cht /potenhsd energy ресу ote 


Ae ACUTIS: 





Ra du eins Maag $ — —57 (Ce X botany 1 Мери, = А, - й. 
Then, € 0 tee, tur bine eo cc enag 
Wey _ We Ch, - hae) 


ya 


STEAM TABLE SOLUTION , Wita steam table data, hz 24.43. 42/64, 5, з 6.233 Ekg k. 
Tes, wit Sas 2% j has? 2981.6 — Tas 5020 pnm Finally 


t AS 
Wey )چن‎ 3448.4 -24700)7 362. 8 кз 4—5 


CEMTEALIZED CHART Soto TION. 


Ф a E 
Th EHE ر رو‎ Pus goster s se (Ro) zon CE) ао 
| | 
Te; = io ä ©.27 (Ra A-*) (Ag. А-Х) 
220.9 


To hx Stet 25, use 5-55, = о. Tete) wrth Е4. 1.4 У 


ô = [gectex) - TO) -R ь]-й RIC i. TESI 


Wo A 3908) frur Table ADF ag tokes the forme 
Bigla & s 8.314 — 209.57 т а 
$s) ш чары — * 





— O.4$. Tabie А-23 ques Wn = = 207SWM KI [cot , w 25> Zo ¢o2/ and As. А- Ч P وع‎ 


(kh 2 O.¥S, Thus, Ея. U. yields 
Rt. 72s 


~? 74 
Ex —+ T* = h-hY [ w-h _ 2 7y .3)] 0.91- ONT, 
Wir has = hı ¬ has - gt} (Же) (Ex:),.] = B07- totol- CITILO — | н] 
> +876 0| ско! 
Ani Wey о: (тате) = 347-749 ge 
w dio E9 x 


шылд. w about — Ress ther dv Stearn. htt Ansa 














|. Using Тт 600K, table A-23 vee = — mum _ — 

LESS > 0.3 . Thus, fv Agt Side 4 9.01) o » [Gu 42) - селз1ч6.3 )) 20. =з. و‎ 
2$ 

wc 2 about о. 4900 greater Нлл tha value on ths Aas bt Sida 4 t3. Ct). 
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PROBLEM 11. 4I 


KNOWN: ©, ex pangs se¬ Һр cata +оо a gto. ~ mes Зе. Steady а te. 
operating data are peevidad, 
£/^ D: 


De мео ссі at tr it. 
SCHU°MATIC © GIVEN Cc Mus e GIVEN DATAT 


ASSUMP TION: 
Ҳас, ae Га Ҳас, сс ‘i А Сол tv ol volume e uc д.а) Y А ә зуе 
> t's 





at Stead y ете. 


pem TTN 2. Tie CK Pantin ue Ten bore 

P = Фоо ке P — 3° Potent ot а н ere 44 can, be ignored. 
T, = Sook is Weve Sev <O. 

М 0/5 ете 


ANAUTrLIS: eee MASS and < uere 4 rate balances Ме V 2 (hı he) ) Cı) 
مهای‎ G,- -h.4) Can ha au ted исм 


۹ C3. URS. First, state 2 أ‎ 
Faxed us ^4 StS, and Са. {(.92. 
From Table А-1) M232, Tes 1546, р. = 50.5 bar. Thus 
- бе. 
Fey > Ses гаа, Peas 2 0.54 , Tr 322 , .9.5- 





ITY 
When 525, , 64.11041 ласо do aned 


55 =*_$ а KJ 
s*cu)- | E = SN) + RA РЬ. R| E =| 2 20.2134 631904 0.5 - 0-14) = 98,29 
| R 2 — سی‎ Р ۱ 

To ble A-23 


Е 2 
2095.213 PU C ) 








® Tha recul Com los raed to de been ne 


Ta. using wiad wit dapa fron TOA -23 А4 
А-5. we ФА ъ= 245 К. 
‚ *» find es سا عمد‎ Ф ll uA n4 ем рма $$: مت‎ wi dt ایل‎ Cran leU А- 23, Fig ^- +, 
Aa -h. = [М ake mR Te (R=) GR) bh 3736 - +:30 — (wv) e| озо 26 | 
© 
=144) EX | 
күлө | 


Than Adr nang t Eq ©) 


- UL 144: Ijemo | тзн mist) | (Nm _ 
ү = C) +2 | gma || || ea 2 SoS. 3 m fs 


|. A+ эч Тез. = 1. $4. — беъ = о. 5 











са, Һа. А-5 gives " 
-& 
= 5J. - g.۱2 TO А-22 p= &°(т, )- 1494-24 · Tuun, fe Lt { Z 


ш in je (SSS =), 144.24 - t3 (042) = 14% .24 Ka / krek E 


tn CA^. о саал witrin ماد‎ an ca Sa tm Ча. | 64 · (2), 


1+9 7] 


PROBLEM 11.472. 


known, A Quantity ot M. expands ot a constant pressure of BO bar tren 
T= 2tok tt В: Зоок. 

ED: De termine М/л and Q/n. 

SCHEMATIC Y GIVEN DATA: 





Ti = 210°, 712300 K 
P= 8o bar 





CET The System shown in he accompany ing figure experiences ^o 


change in kíne Nc. or poteeh'al energy. 


Amati) AS pressure cs fined thae work òs given by 
t 

w. C peî ы PCV] 

» t 
Tum, umee Za PV/RT , thers equa im be comes 

w. R (ъъ 2, - т 2] S 
Where Zis t^e Compress бг 1149 factor. From Table А-1, Tes (USK, рс= 33.4Ь2; So 

E so . . 2. * = 

Ра = EXE 22.36, TRı =: Le. I$, Тез - 2-33. Fre Fig. A-2, 2,590.4! ond 


Z, > 0.49, Than, E4 ci) gives 


= -æ lin 
W cJ | оо 44 (2.20 о. і). | K = SoS “J Ww 


An energy balance reduces G Atr2zQ-W or Q= AUtNW. T ки 
Q =G -T+ > 63-5.) = CP V4 - Р, ) = ha-h, 
Then with Eq. 8» 
-4.1 -e > 
= hah и -h 
په س‎ 4 _ T = ) 1 2 )| 
ي‎ : «*or-wG)-8 ‘| ( = |. zx } 


wit, data from Table A-23 Oud RS. А-у 








Q/n 
S . Җт43- 6314! — G3 izo) | 0.43 = 0-Be | = 2782 KI — — 


kK 1 
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PROBLEM 11-93 
KNOWN: Oz contained ut a closed, grid; insulated кер е! ùo Shirred 
he podi% wheel. Shh date are pAovided. 


E/^D: Dele, (6) tee Rinat temperature, Co) ths worlc, and C) tha 


Anont Q Mayer Lerhvaeet . 
ScHsMATLC RGtVvEnN DATA: 
—— س س‎ 









Fz loo ban 7 
12 280K 7 
AL 


Р» = ISbberc ! 


ASSUMP TIONS: (1) 79е 3ч Stew Shown tn the оссо wpany rng Кучге experience 
x ie e$ in Ernuetec and potenhs l energy behueen the tnrthal and ius | 
a А 
1) тие Jeneralred Property) Charts Provide data with Suffiece af 
accuraty. (3) Тут ree C280K ) | ids 
ANALYSIS. From Table 4-1, Te: ЄЧ к, Pe = §O.Sbar . Thus, fe, = 209. z1.2 $9, 
анааан ота So. Sv 


~ 2.4% , Taye 1.82. The gen. compus: bart. ty c boe t ꝓ ves Zi = 0.932) Zz = 1-01 





та > OS 
o> ee vaime и еек vars ө ( ERT), = (XT) > 
— [ 0:932. \/ {SO z ; 
(гл = en илек — 


Ch) Am energy alana иллал es to g:ve AU- 2 Ws W=-40, ov^ 
-.wLa.-ulz- m[ Ch-pv).-C h- pw), ] z- к ( (ha-h) - (Рг -P.)] ‚ Or 
pana puv=Z2RT, = -w[Ch-hi)- R(Z2T2 = жт.) ]. то find м, use 
Z- BV гу me AM „ Чоок 105 0 „Со. 2.3) - 20:94к9 
i^ R T, ZI, RT, C 0۰432) ач (2k 
32 = | 
(ha-hı)] 4 €valeeked Using Ga П. Әг With date fran Tebl A- 23 Fig.A-¥: 


aul [Sa] - eek - (3. ж-.00] 
сих Li ва [E2],- [Ez] |] z | nave ~ #150 coa) (s4) f vs$-. 66] 
= 10% к/к 

Th 

7 iog. - 2.31¥ (ч. 0327) (0.932)( 280))} z-15$H "KY д.б) 

= = 20.94 | 732 i 
(< 7 Using Ед = WT, wwe [еп ann. 6E TUM b ahewrer T= м (52-5, ) , tose 
Eg 1.42. and date pa. Tete A-23 Ais. A-C, we set 3 
© o - v $ -& = © -$ 

Ey = mTo(5a-5,) > me | (F (т). $°ст) - R4 & )-*[( K k C D )1] 


pee wie 


= . '- OLJ. 
— 211. 92 203.14 - зч JA. ] 5 == gaf ° ig о 31] 
32 
сс) 


= 13. KT ©. 
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PROBLEM Il. 44 


KNOWN: A | Kwf wixtvre of CO, and С; HE octupres e volume of дач» at 
| T= 400K. Yeo, = 6.5. Pressure Should net exceed 180 баг. 
Determine p uring (a) tha ideal gas equatron of state, (6) Kays rule 
ond the Compress: bility Chart, (Cc) € add hve pressure rule and 
the Compress bi lit, chart: | 


FIND: 





SCHEMATIC $ GWEN DATA: 


T= 400 К 
У: 0:15 ms 
WY <= | kemol 
Meo, = 0-3 





ASSUMPTION: The System IS the miutvre, 
AwacrTsis: Co) Tdest Gas. 


ps RT, Greil le pee (4006) | э. |. 2217er a— w 
v О.15 ws x 
(e). Kay's Rule plus X- chart. From Table A-! 
Te (Kk) Ре Cbar) 


304 73.9 
2. Cote 30S 49.9 


Then, wt Eq S. (1.47 


1. со 


Te > Y Ter + Чә Т 2 (3 X364) + (07 X305) = 304.7 k 


kc Yr Feu а Yo Ru 2 Co3)07341 + (ол UENS) = 50.33 bar 
Accord wal» > Тас 400/304.72 (313 and 


А m3 Mut) 
Vp’: = > (бау e “= 0.334 
pu (67Р) 


th these . <. A- — 
With the values , Aig. A-2 sve Zz 0-67 , Feo % 2.0у . With the Z vawe 


PEEL =Z Ра = 0-67 (0217): 148.5 bar " 
With the Pe value و‎ — 
p= Pee = 56.23 (2.6) = 149.3 bar 


tt) Additive Pressure Rute plus Z Chart. Selecting Ед. 1.345 


Z= 4 2,077) FY ZIT У) 


TRIE 40304 = Bt, ver = Oise o змог) (зако I) ри > imo. 


Саз а aot 


Тез: 4eo[soy 3 17 , Was isl ОТС tc io MÁS) 0.411 Z5 2, 0.69 
"um 
(эз —*. yes є) 


Then, 27-(О.ъ)(о.ау + (0-7)(0-69) = 0.753 
and 


— — = Z Pda = 0753 (22KPBAF)S 166.9 bar 7 —— 
D ход om 2 At tes State рокла 2= 0.6 ر7‎ the Cd Jas hodet ug not appl” cable. 


Although Wwethedr (6), сс) yield different рле dec trons , tla me ledit do 
suggest ther operation in the Safe range wijsht he realise d: 


lt-lOO 


PROBLEM 11.45 


N» OWA ` A © 222045 way ture with the weoilar Ce WV. розг hon 1 60% со, 40 YH» $ 
enters o turbine operating at $ tea de State at 3oo?F, 2.006 (ЬЕ / rà - 
and exc; at 24A29F, lathe with a Volume fit flow rate of 
20,000 S/a. 

F^^2D: U Sing Kan’ 


£ An Я.а. es Hu te ھا‎ Vo low ey flow rate at Ка. 


ое мл inlet, and Со Ww. poet wor ta he value gelled E д сә 
je nao del. 


SCHEMATIC T CUZ DATA: 


{ со% Co, 40% Нь $ 






T= 300°F V | 
Р, = 2000 \ Мм н Przlatm 
lof lis? м 2 CAN), = = 20,600 $4 3/ s м 


ASSUMP TION ® 


: T= = 2i2°F 


The Conto! Volume Shown ių the fig uve is at steade, sive. 
А+ Steady Stat a mass rate balance reduces to give 


(OY). . Gen => (АУЭ), = zi [CAVO <) 


Idaa Gas — wt. us RT/p , X40) ан 


Ow), . ENE (^0. = Zeo V 14.7 Nenog g ) = 166.3 #? 
2 t 


I Zoso 2 ово lofin ыы 


AWALTSIS: 


Илл ^ 
Kays Rute мсм. e Pv/qQ T, \ > 28т/р , Agh єч) b e cow 
= e = 2 (50.3 H3 (2 ) 
(AN), ZG aes 2: ( E .) 
ا‎ — о 2 ident Sac Vae 
witu Tej Pe datu u e i Using {trie Carre ch enc fv He foo mote d in Sec. 3.4 
Со; те = 133 К. Ha : 12: 332+ ©: HK 
| ре = 34. 5а Pez $2.84 = 20. ? ^t^ 
T how хл» «36 [Cam's А-АА. 
ies Co) @.а (t1) = 96 3 К, 
о. = Co. 0e 9) + Coe )(20- 91 2 24 af 
— Ыыы БЫК. aol er = CR4 4-2) 
TRI? 760/1.8 = 4.3 Y ) Peiz 2.060// | =z 4.44 => ZX 1.08 4 
q 6.3 7-4 


Terr: 672/13 : 3.98, fe 
46-8 


Rawat Um wy t4.) 


= (це iB (GG. зи = 74. £e 
МАЛУ 


p 


{жа = 0.03 =? t. 1-0 (Rg.A- ) 





The ideak sao Value va About 895 Дозс Then Oe volume trie flew «ake 
: 6, 
predicted 64 Kay Aon. 


[[- ol 


PROBLEM ıt. 46 
contains c Gaseous nurture wrth 


KNOWN: A O.l-w! суи бее 
— the wolar Co sition \ 97%, co, 3 fo Coy tarhally ar 30°C 
and I3 8 bar, Mixhare leaks from ty, е аде”, емемћли 
He alinde content? are at (24 bar, TOC, 
Pie: Using Еа 'c Nuke , езһи Ж the — on t 4 Илак ture that 


leaks fran Hu cylinder. 


ScHEMATIC Y GIVEN DATA: 
————M—M Áo 


N S OX vs 
: T, = 70°C, P, ~t38bar 
297% Co, Te > 20°C , Prz 124 bar 
37oCo, { ام رر‎ 
— 


ore d 

ASSUMPTION: Th System is the mey ture present within tha tank inihally an 
walls. | 
P'v/zi T. Tite , Ho amount tent lea Fs le 


— 


With 2 pV/ugET, ne 


ү My = Р.У PY Vv = 
2, RT 2,81 RT 2. 22 


А CA LYSIS. 


Ci) 


With date Fran Totty A-I 











Со: T: 133k соу; Tes 304 
| Pe: 73.4 Bar 
Fe = 3$ bar | 
Komis iua | 
7 Te 2 0.47(133\ 4 о.оз(?04) = — 
Pea 0. (39 + 0©03( 734) 36.2 
Tuus 
iE Ter = 323. 2 2.44, 2,2, 0.9 
Pri `~ 36 > 3.8) Rt TT | ; , 8 
х 0.47 
- 124 ےھ‎ ТУ Тә? = Тру = 2:14 , eX 
Fer > 36.2 3.96) TR 
А cordingly, Є ү С у Жу 
а. 
ом 38 12а T par — 
| 0.28 0.41 lhar 


MU, = AY = 
\ (m4 Wm JG 
Crol E 


= O.O9| kwel 


1102 


PROBLEM 11.4۹7 


Kkr2)o0wrb: A gaseous ka hare consishng 2] 0.7S vol Н) and O.Zs* км ә! M. 
oca^pies о. 00S v3 at 25°C. 

ELO: Eshmate the prsssure игала la) the idant gar ego fion gq stots, Cu) 
Kay's tule with the gen. Cowqesrsi bili chart, сс) van der Waals "qual v, 


(d) rule q adds h ve pressure. Using the gen. Co wpa Sieh: |. “М chot. 
SCHEMATIC $ 6IVIEN DATA AT ALYSYS 
س‎ — Ó—— — 


| (a) 
(a) Ideat gas € 4 оа Һ ov of Ste z 





pe "АТ „ Grmol (BIY E = )(248K)| гь leu | = 244,57 
" ew 








Co) Kay's “ие. plus gen. Compu с... chart. with data fron, Ta ble A-| 
and using the corrections Ge Ha md cekad w the footnote 4 Sec .3-¥. 
BL: Tas 41.2 К Mi: "= I26K 
Peis 21.0% Баг- ! Pat 23.4 bar 
с чы +4, Ter > бо.7$Х4{ (ے.‎ + Co — — K 
> 24.3 oar 
Pes 4.9, + Ча Per = (0.15\( 21-0) + (o. 25)(13.4 + 


z 
< TR= 21: = 41$, — VR = (е. oss ewel УС 2o Nimt) wie) > 0.39% 
62۰4 (G34 nme = 62.4 K) 


% 
que A-a ска 22 1.5 . Then, p= z [Ê -Z py = 13(11.5&)= 379bar سه‎ 


(cy ND o From Table A- 24) for № 
az= 1-366 bar (mo -) , bye 0.038) [evel Using Eqs. I- fo Hr, 
ai= 0.247 ر‎ bi 2 0265. و‎ E4 s.1196 


[ o.3s(o. 247)" * p o.s (1366) + = OY 


a= Cya, ат 
= Lorrlo.vrer) + ©? (0: оз) ] = o. o2 44 





Than, Gp. Il ù gives 
| oar (3| ^u cc) 
. (gsm усгагк) | tear | o. emel) зебра "NS 
E (6.0% 5 m3/pmo! ) > 





- 0. ил З [м 
(9.085-0.026) Z, |o 


(Cd) Addchve stare Auta plus den. Co ssebility chert. Usi ns Tet, Р; for Ha fram 


part(h) ر‎ Tris 298/412 = 7.23 
Vere VPS = (© oss: пс z oem | Fig-A-2,2,v 1.05 





R Téi 0.75 rol (FRY Bom (42) 
Fe Na) Tere 298 0262 2:3 
^ 0. 
VPE ET засу LLLA (33.9x005) ~ 11 Lo ر‎ ar 49 
— оъ TETI 


“Then, uoi Tw Єз: H.G%O, 
Z= 6.7r(tor) + (0X0 .49)= 1-04 
© ® p- 2287 ` Z ра = Ot (241.5) = 303 bar رھ‎ 


Parts (a) and ae are roughiy wo agreement. — — (c) ^«d a 


go well. А conserva h ve Choice dicted by tus applica fonar 
(209-2. govern tre Value that ооой be aged fe dU RA Tug — 
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PROBLEM 11.99 


KPowN: А gaseous wixhre of 0.5 lbmo/ CHa and O-Slomelof GH? eccupres a volume 
of 7.65 £t et 194 А The measured pressure FS SOatm. 

Find: Eshmate the pressure using @ach of Six Specified procedures and 
Compare with the meatured Pressure. 

RN ee DAT 








Y 

М: 7.6741? 4° Ca 0.$ 

Т: 654 oR 2. C3 Hg 0.5 

P= Зб азым 
ASSUMPTION: The mixture ts the Sys teu. 
ANAL TSIS: (a) Tdeal6as Equation of Sate. 

p= ЕГ. (ose) y FE Homes eR KESER) | — ate ae eio) 
7es £13 14-696X/4¢ aig] 


Ф) Kays Rute plus Z chart. With data frou. Table A-1E and Eqs. 1.97 
Te = V Ter + ҷа Ta = oS зич +666)= SOS°R. 


Pom 9, Pec 442 Pers €, S( 4$ Ft 42.0) 293.45 atm 


“Then 
Tre osu/ses: L> 
tb 
wis V ‚ Gosp BE JÛ 4141.696 xm) FE oan 
Ere (авчу у cose) 
Шм ol - PR 
кд. A-2, 4C. s. Thus C5) 
Ра + و‎ ыыы ыыы 
p> ЁТ. Z Pract = С#27У62-4 )= 61.48 «Tv. 
V 
(c) Van der Waals Cquation of Stade. With date frou. Table A-2UE and Ess. 
1.46 242 
7 PES of Gente (2027 18234 а (2) 
O = (4. (41) e Yr (42) J - 0.25 : lb one i 


3 
» c Se Lu Js]. S 
pe y be Yaht ovfocess! د[‎ LOGS it 


Tren, Es. lL 2 gives 
ce) 


. (sus ta (ex 1227.9 om „ 444, 4 а س‎ 
= | | 
2 2 Се)? 
(2745 = Loen ЖЕ, 





P 


atu. 
14:06 xu he | 





(4) Addthve Pressure Rule plos vander Waals Eq va fon. Selectivs €. 1.3492. 


p= &OX)* (ТУ) 
2. 
wth data from Table А- 2ҸЕ and Eq. [17 


Р = Gus (699) - — = 30.14 atw 
[EEE ) - 0-095] Iris | (Pe (0.5) 
Оо. 
Oye) - 23697 244.344 — 
—J 21) И INNY четче | G.e5/0.5)* 
Then = 
р= Зоаа+эчзЖ = Su. $ ам mE ر(‎ 


I} - (OY 


PROBLEM 1-48 Cont.) 


(e) Aüdihve Presmre Rule plus Z chart. Selecting 64: 1-44 


= ч. 2, (TV) * ч.2, (ТУ) = о.з Ж, 62.) 


, 16S ( 45. Ê x.x ) 
Та et 0 vei © Se. 2.74 =p Z, 20.78 


(уч )(?\С#) 


r : tt "5 
: کيا‎ 2, е2 = (cer (ae. Cee to „1.327 D 90,5 0 
TRU е" ш. iual 666 ) 


— zu RT. 2 Paez ©-475)( 62.4) 


Ze 0.6 (0-48 40-77) = 0.87) 22% Р = 
2 5Ч.6 atm -4— — —— (e) 


(y) Addi hve Volume Rule plus Vander Waals Есоаћои. Se leeching Eq. tl 100e 


VewM (PT) + Vi (Р.Т) н 
With data from Talite А-2ҸЫ E4 1-2 Gives 





p= 05чғ)(65ч) _ 681 сурт 238-75 e _ e a) 
( Ж Š 0-685 )CWLAGKNN ) (У fos)” pow: ۱ 
0.5 
p> Gares) | ~ 236% ج‎ a 23473 _ Say (3) 
(м: „оччу (Neren) (vaz/o. = 0-722 y, t 
Setting qs. QZ) and (3) equal 
234.73 _ ачуу 0. 2.59.73 _ 592.27 
= oes v> Va 0-72 vat 
Ta buduar 64.01): Va We У, > TOS“ NS 
239.72 К INT. FÉ " 135.72 _ SLf 
7.3075 - У. @ts-V2)* WV - 6-722 у> 


(t) 
Using an @ф\ой бл solver, Vii 1.76 $43 Es. (3) then gives ) р > 239.4 м — 


Dis assim: Cow. paring +he Calculated values with the weasured va lue ,S0atm, 
Hne result i$ Summarized ot follows. 


(a)  Tée«! Gas Eqvah'on 62.۷ atu +24.8% 
(b) Kay's Rule/ Z chart Sl. Yeahs + 20% 
(с) Vander walis & 9 va tion «44.4 atun — 

(4) Addifive pressure/ van der loan U 54.5 a fw + 205, 
(e) Adde h ve pressure/ z Chart S¥.6 a tw + 90% 
(¢) Add Аче Volume / Yan der Waa l 38.8 atu - 22.۷ 
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PROBLEM 11.99 


KAJ ос: Oke lome! 4 $ 69.5% Со», 20-5 Ca H43 occupies Fatt? „+ 212 F. 
FMD‘ Eshma te the fiere Using (а) tha ‘dana gas egua R мл sta ft, 

Co) Kay's mufa — gen. compuss bility Chart, Cc) addih've possu re rule wit 
gen. Соул с bility Clo | (4) van Феу Waals 250оаћ m. 

SCHEMATIC < Gireno DATA: 

АА заа Дав НАЕ КЫ 


ASSUMPTION Ths wuy pare vs the system 
ANALYSIS: (а) Tdee& Gas Moder 
pen®T . Cue mwi uses ВЫ (672%) 

У (генз) | 44) x04) Let [atm | 


Са ) 
= 275.5 atm — — —— 
Co) ком‘ лаа with gen. co сео chart, Wwitndata fran Tahu A-16, EGS. 11.97 
gwe 
Te = Y, Tei + 4a Ter = (O69 P) (5489R) + (o.soxYXK 51026) S20. 4 R 
Рс = 4, с + Ке = (0-68 )(72.4ate)4 Co.Sog (S0. Sa he) = 66.01 atw 


Then) Тре = (езг! S364) = 1.2, 5 











fig А-2 
v= У Ре = болар limo )( 66.03 x143 Y 144 f/f) _ ۵.3 Z~0.e6!l 
R Tc Tists HIF Месе uopN оо * 
Csvs det У sB6.¥°R) 
= E 6? e 
p= ZnÊT 2 2ра- оь: (275: раһ) = t08. lahu. 
wv 
Сс) Авах hve crue лд Да with gen. Co см Бг ls chert. 
Tg = ©72/548 = 3 | а рте ) win 64-11-99, 
Vel = — soe ‚2 0. | осоЕ 
0-695) (154УС5%) (о. 30S)C 0۰81) = 0.72. 
теъ 62/610 = 1.22. , Rg. А-2. A P3 2 P4as(0-TU( ZFS. Sate) 
VR э (+78 IE 0.39 2,0 0.8! > 148.Ч atm — 
6:30 9 / (ISNT sro) 
(d) van der Waals equa n. Fron Tota ACRAS, fw СО з 
; C 
a= 126 atm ($| lomo!) ر‎ b= 0.686 [ән ей. Then, vung Egs. (1¥ fe CoH, 
аъ ISB :یں .]0.42 > 2ط ر‎ th thar V otoa, 645. uU. 436 4: ve 
⁊ 
"y la _ 3/ [b no-t 
az (Co ea Naze) 2, (eaes)tuse) *] = 444 ata ( З) 
5 - о. 3 | lbnat 
b= [(о.еах)(о.е%) + coz 0.421) у> 0-96 FF 
C 4: 1.2. HÓA ‚ L 
p= (su Sibt / reat oa) (CF2°R) laim _ аза a hol EEY ет) 
O (1.99 - 0.759) ibret) == [Usu NA) ЊЕ С 1-19 +3/ 16и) a 
= IG6.% atm 4 


l- A Hee cs ths Auat vf Co) and Cd) e w fair a — Ass u Lt 
glo fea ead. with po four мма ода are scatheved . A conserva vr 


Chore dictated by th epplicefiu at hand wonte govern the voter 
4А. woot مما‎ Ured Go tre erty mated ло Аге. 


ij- 10 


PROBLEM 11. 100 


known’. loo Kg of ar With the molar compos: hm 179% O, 24% Ог $ 
Бит a 036-80 Veste | ak n He upere tor 


q ө! bar., (Bok, respec hreh, 
кюу Co м-р ола tua Wiese una d pna wita tha, [лез шла predic ted d 
عا‎ ( tee معا‎ gav voe dut, (6) ءابطا‎ ad, Cc) ad di hue protenre Nuk 
With te, ес - low Ong е4 val’, C4) addi hve volume Auta 
with tre Redli—Cwong eguat sn. 


SCHEMATIC E, GIVER DATA: 





-- ъъ йй = = — ^ 
loo kg air | 

i 

(01 bar i 

1 8o je i 
t 

t 

i 





„ س = == a‏ په 


ASSUMPTOON: The Syst w the 100 9 of air 
(D AvrAcrsas: (a) T &a 4 sao modet) р= м Е т/м у ) us bene КА 2ч, М + ے4‎ М» ос 


M s(0.7aX2$8.o00 4(0.211(32) = 28. BS. Has 











14 Nom 
p> Соо eu SE re (1806) | tem | o 144.1bar (n 43% мх) 
0.16 «3 ор [м? |, | 
(ь) With data fran Тод А- | 
№: Tet 126 Ж O4: Тес 154€ Ly Te (0.74) C20) + (0.21)(1S +) = 2 E 
Pea 33.4 har fc = SD. $ bar Pc > (0.74 )(33-4 1+ lox) C S0-S)= 37. 39 bor 


Then, Тыз 180/349: 136 Reuse A- 2 


g а. 
VY У Р. 0.36 i“ | 37 84 X (o^ N/m _ 0.89 Z^0.£ 
eU CE 7 gg) cl wom 31.46 
Р Тс (100/2%.85) | (8314 өзм ا13(‎ ) | 


Wht, Zz РМАТ X7 -— 
bor witam О.! 10 
т mkt = 0-7( 144. ba, j= | 00.49 аа ) 
E zi x ) | | Value 
i daat 42.5 
Valu з 
(с) bed Lith ve ييي‎ p= P, + Pe, dy Ara Pi dewo le Arne مس ممعم‎ 4 2 


'ed the Furr voluma at ) 80 o Pr Seth. The praece 4 Oz 





£ У оссо pi | 
< Ж occupied A [v Volume at €. 

(уэ г حا‎ ne EX - eae! = 3.066 cel. 9o 
М, © 079 (3.466)*2 2.777 1 No, 2 0.728 Сило |. 


Thaw ر‎ wrt امد‎ Sor nm Tota A- 24 £v А. Reduch- (Cus ong 2 $ оо hm аз 
0.36w3/ д.73&ки+& = 0.13 | м/си 








mitogen: Y= 
"m YN oar 
v — = 1 ^ s 40 serra) ^ 
0.131 - 0.02677) ees 0-і 131 : 
(0.131 - 0.62 677) en іо Mm (0-131 


г 143. 58 раг ~ 5601 bar = 67.57 bar 


D med 


I[-107 


Peo BLEM 11-100 ( Continued) 


Oxygen: Nc 0.36 /o. 728 = о. 445 wi] knot 


Pa = (g314)C180) أ‎ _ 


(7.22 
= 
(0.495 - 0.62197) lo 


Y 
(0.4950. 49r +0. 02147) (Во) = 
= 31.24 — 5.022 26.62. bar 





The, рев +р = 57.07 426622 114. 2 аг C 13°% uel 

(d) Additive volume wed: Vi WW, , à— V, © the vete occupied 

hy Na f ¢ were at the Wary tre de voe olin rol — V. 
А Te volume occopje d 64 o; Ё ې‎ wer مهه‎ TO. мас tine te gery b 


Gud — This, Ve v CD p) e M2 Val Tp), ov^ 








М = 9. Vi (р) + Ya У, (78) Ci) 
Also, ш da ды, Radliich “Kwong 24 оа п ом у whan Aau 4254 ott. Sane Tip 
pa -21 ie ПЫ ч b Gulab) T = 
An طا‎ Vi (See) T Va - 22. Vul V4, 
Е 45: €, (2) Oak Si mov ) ت۸‎ naa uo eq vati мо e vj, US ; Ln cating Valusg 
Pad 
< тА Сту 
6.1039 = 0.74 WY оч 72 
Cy 
($314 50) 19.53 _ 314) Cte) 722 
— — — — کک‎ — — — M 4 wa 
(87 06.698.677 Yio Vi (%1 o 02627) 199) È 


on — — — — — di‏ چ چ ا 
(is, - 0,92 197) (10°) Va (¥ +002! 91) (180) Б‏ 


with an equvahan solver, Vi 2 O.H Vz 0.032, (лах ۹ہ‎ Ww , €. (2) дг vo р = (02. Y6 bert. 
Urea’ na Gu ) 24.621 Y p = (02-49% bor” . Тих, pz 102. 7 Бог ,whrw 
+ about 1-7 م‎ hag k А — Wreg uasal Votan . 





Mays Way 2 ve mou Minit Mie 


Vines x. Viney 


YM Ya Mr 


Малу, 
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PROBLEM 11.10 І 


KNOWN: а gaseous wixhre wrth the molar analysis below гз Contrned 
Ma Yank at 2Oatm, 320°R. 
1. Argon : y? 
A. Ne * Ya 7.50 
mo: Estmate the Spe ес Volume using eachy f four- 


| Spec: hed 
зснемалг еа суеш DATA’ Реле procedures 


те зоо 0017922007 


P= 2o atm 





ASSUMPTION: "The м. ге iS the system, 
AwALYSts: (a) Tdeat Ges Medel 


Ба 1545 ә 
АЈ 2 — (#8. Es eL 0.344 $t llb 


(20)C(14-646)0YY) jpg 


Where the Mixture molecular wersht fs found ози 


Mwiy = — = Wut. Митт y MenM 
- SECTEUR x 
mix им, у Y Mig : : 2. 


e.S(39.94 + 201) = 33.975 


p 


Co) ICay's Rale plus Zchart. Wi data from Table A-I1C and € $$. 11.97 


Te > 9, Te: + Yz Tez د‎ oy [272 + 227]- 2.49. y °R 
Къ У, Per + Yr Per = o. Y[ 47.47 31.yJ- 40.74 A Tv 


Then 
— „ RLO 
244.) я d 
| 2 0.42 , VR &2.¥0 
fe = mi е 
40.74 


lu: X #2 0.47. 
V Е 7 aiT., z М4, ад = 6.92( 103 )= 0.95 ڈ4‎ 
| P رھ‎ 
را‎ rr Ve 21.4 


м = Vr Ele >, 29M ( iSuy/5y.227)( 9952 >*%.) > 0.516 H? 
Pe (делу ) Ve 96) CIV | طا‎ 


(c). Red lich - Kwong Eq vation, Usrng data from “Table А -24Е for Na 
042 5280 ate( d 3n egy. , bas 0.4286 filo mel 
For argon ure Ee. П.Ф i оо! = datea fom Tola A- С 


a, 3 6.42748 Lees ate tt Jenn " s 5794.5 atm EY )م(‎ ^* 
47.97 * 
b: 0.09064 (073)072) . 0.3596 £5 towel 
41.47 





Then, u$ rw Е 4 e. 11.46 
РЕ Me "о t Я /\ "ЗЧ 2 )سم‎ (р) 
Qc: yy. а, + 4, 42 1 = o.rsf ( $230) (еї) ۴ 5 Ra Tal 
b~ 4.6 +42, br = e.$( 0.4286 40.3586] = 0.333€ Лье] 


п-да 


PROBLEM Il. 101 C Contd.) 


Then, the (adleh- Kwong Og vahon of Stade be comes 


p> ЁТ _ &— 
V-b ¥ (vb) T ^? 
‘he 
oan (0-13 аһ: (mot) s43 arel CR) | 
ib mol’ © ~ ص‎ — 7 
Y 5 V CV + 0.3936 C ( 20 ok) 
Cy — 0.3436 ) 53/1 + 0.333 X£ y 2. 
or 
Фош 233-6 _ 304.37 
¥ - 0.3436 V CY 40-3936) 


with an equation solver, И = (0.73 4/ (ono). R nath, 





_ 10.73 o.31 tUi ا‎ — ОС) 
Mom 33.475 i 
(d) Addvhws volume Aule With gen. ce sibili Chart. With date feos 

TAL А-\ С 
ARGON: Tea 322 21.18 Ma. Trea 320 iq] 

272 l Z=0.4L 221 42 = О. 49 

Reiz 20. 0.42 | fez: 22 . 9G 
4T4T 73.5 


Then, with £3, HI. (006, Z z(o.9)(.32) « (o. v Yo.av) = 0.43 . Sir 2 = PV/» ET 


@) ape BRT = 2 via = 0.93 (0.344 Я). 0.32 BU سيھ‎ Cd) 
Р А 


|l. MekWoàs Co) -Cd) eive ес ma tes fer Space VO Uus «t oloa vt” 
O.3?. 43/15, 


It- По 


PROBLEM III. 107 


ENON , A paur tre rule re Provided Cor T ^a Carna han- S far long = [De Seuth's 
egvation State. 


(WID Ч = valvate fhe. pressure jw k Pa, fo ec м феа > ) 


243. 
GU obe RIL s 4070 еа mass, at у= о. 005 [ks 


коала ба The е < 


бор Ку шй = | 
— ОСА Rityeb) 


“The be rua 


Ri2aud RIZ, 


T= 80C.‏ ر 
APALTSIRS‏ 


m 


ve Orak ie L2 مهه‎ t. f оек СЁ the 








Pra suv ©. that au «Фес 
A5 wooed А БУВ. аб {Ме Saee Stee £^ — Began 29 catevlafrrg tis 
pre S Фал ©. | | 
The Molar mattes o Ma: (26.432, Migs 104.57. Солзи ~ Hari ھی‎ 
| {< $ 1 Mv fea Lope, Mi = 0.4 k9 ) ™ 13 - 0.6 ke, T and Sc 
Wi O. 4 ) ig = Ove. — Yiz - See) _ 42. = 0.32655 
(20.42 104.5 X n 8) 
120,42 — 
ducc qut OLIA 
A T E for the ие е 
© = чо M tl + d3 Mg = 110 — 
се - ~ mI m TT Using Р, 
Then, V = Mv = (ios #8 Уо, 00$ de )= 0.5526 "1 


кР 


403 Mm? 





= 6817 kR 





Pid = QT. t» re RUM See 
id OSTA ا‎ 


——— B C tc тун 
must la d е £2 — C Rt thn Con ponent. Ў Э бә Rid 





; | _ 20 E — 0.67318 j ) 
On = Ag expla, T aT yF 3524.12. exp ( 2.77230( 453 ) (7. 





JL 
= 3524.12 exp (— asses 0.13814) = $71.276 ر‎ 
= 874,27 Tem 
А — 
> 
= = ^13L — 1.04145 | +53 \_ S.036 44 ч. 
bia = bet e, {+ by í Йй = а P 6% jo {0% ms 
= oasyo. - 0.08344 -~ 0.003% 2005978 Frol 
Ana G К\З кезү) 
; ‚453 = 1.52430 t 
E 2.2 496.13 AP (—з.4#29( ) __ 
“ 23:7.248 De د‎ 352298 9 7. 
-o 2484) ex p ( 9888 — 0.328 | ж (moi)? Cea) 
— 
| у o ASI (LES?) 
b= 0.12814 — | Fer (451) 22 
К DK i. Se 
- Oo. a4 905357 - 0.92215 = 0.0224 — 


p 
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PROBLEM 11.102. С Contd. ) 


ext, US$ i^ he iven млл м bere rate > Менге Wa tuer fe r a = b are 
Calculated ao follow ss 


b= Yio bz + Чиз ba = (0, 3655)0.05498) + (0.634 (0 -0 224) 
- 0.02614 м? 


Кие | 


fy 3. 
OY = бә. + 25, gig (1-Ф)С4аз) + Yr Q3 


E | 7 
= [С зев). вд оло) + 2 C368s X ess Y 03 Jo 674276)(-357246 ] + 
(0. e34 9) (587248) |х 10° 





= [0.10795 + 00:290154 40,14384 Jo = 510,745 D” 


А\со, ds 
B= b n OOA — 9, 016357 
4v 4(0.5525) 
adi elo 
i 2 э 510,744 36 
66-E _ |. „азмы — — __ 
Cop RT CV tb) (анз y asit зынк) 
= 0.7374. 
Collecting results 
p» (617 K6. ) 380 ) 
2 = 5 o30 a | | ا ا‎ 


l See Sec, 12:1, Eq. 12.95 

2. The calcatated value rs within 9 70 of the value read 

for the may turei. VS5SOOK Fol. See” Thermedynan’'e 
ASHRAC 


Kom c^ thermo na Vea C dA e và ич 


Diagrams for Refrigerant Mix Tres" by dies Gatlagher et. af, 
TRANS | J 1488 (Part 2), 21449 - 2135, | 
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PROBLEM 11.103 
KNOWN: A rigid vessel iwhall4 Contains CO, ot 32°С and porssure m. 
С» Ha. enders Te tankt ом a uuu ture ^ 20 9/5 Cos, S075 Cı Hea ( volo hasis) 
(S. Covkea ved aot 43°C | jlo bar. 
FIND. De ty naa ne T^ p ssar e p. 


SCHEMATIC RG IVEN DATA: 


= 0.2 
део, ASSUMPTION: 


CO, — m" pt disi 
— 42°C бел, 7 0 X {. Ic oy fs rule tuge ther wwii Hh hw 
p PS Jen. com passib: leh, chart 
peel з ce. 


атаму fina ily 
ANALYSIS. The (рага ге Р car he found ) tas ра сре. fron A Sen. 
COnpro sti hı lı chert mdr. Pz Fa Pe , wha Pa = 77 Par fran Tote À -I . 
Pe i fayed bw TR = T/Te- 305/254. = |. O.. and 


7 ^, — c ⁊ = 
q* Ea VL us IIS ) 
RT (RIY Nm desde) (30416) (i 


wku V v the nolar Speed nic Volume 1 со, ui halls ‚ “The зрә етс volun. V t 
defernuned vet. 
Por Th Pes млм ture j 3. - Zww« £ a = Zw Казнь), 0.239 Zik 
му ПУА 
Since t amount 4 СО; yrs sent aha tle nw ually to Tu Jame, we Con wri A 
Ncog = O.2 Niy. “Thus 


"y x мМ, = „Мез zo J | 
И Месу, 7 0.2. Ya x: Ca | 
Co wlan ку Ane Lat tuw Bre pa RS nva, ү = 5 (0-234) E. - (2) 


To find ткм у ver (Соу ‘пида coca Th А-1 data: 
те YT) co, (Те) = 2304) + C 89) = 2812 
Pez (4 беде з + (S Ре) санч = (0.2) ( 73.4) 4 (ө. ©) (31-2) = 57.939 hir 


Tw») Qe Te hned vaa N haf € 


e)un + Bie c0) Redman psg = 114 = Zusea DA 


Nc Corda 4ہ‎ gTa: G2 rax V = €(o.2aa) (0.4 ) = 0.438 î ско (2) Pad 0.00) 


yor 
^ Ve = hQs Alo te) = LY 
wh Тат, R.A yee Pe = 0.57. Thon p = 0.SA(734 bar) = 42.1 bar 
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PROBLEM 1.104 


KNOWN: Tur CGval-Volume +anics are connected bu e. valve. 


тиісе k 
8 E = one contains — at S$606"R, pusture p. The ofr Tank сои јекти 
alte at S60°R ) 1480 157 lint, The gases are allowed x» nuy wath | 


a final lini) dad di 20 Со» | то Yo Celta vj aclhaeseved «+ сьо ° and 
(us STUre р^. 


E CEA Те ter voa ra thre stures pans р“ 
SCHTMATIC $ GIVEN DATA: 


T= рти in hall Hati 


parag har € 
p. i 20 9% C04. 
rp = reso Ded OY жо Yo €» Hx , 


re ssure P‏ جه 
And ей v‏ 








«LA, finally 


ANALYSIS! Let's he ain bu evalvating pan sp dis volume of thf 
ethylene wi ha іи Ко А condition. Ш, data frown Table A-IE 


fec Ciz) Te = -(S60°R/SioeR) = = h |, Рә > ал) = = 1149. Than) As A-2 
ove < ow. 4. ARAS 


uy = ZÊT 2 (OUT fell] Y 56078). juo en 
p* ` HOI igi) TT [oma | 


Ѕ уме е. ha кешек С.Н а pre sant pri ا‎ athla 0 J- finari را‎ the چ‎ о-и 2 — 
Can write Neny = 0.8 И у wwa n the tote angst A ИНА ©. ab عا‎ 
Rack Cow da hm. Ac нале, YU. S e^ с мр іомила Verte Ks 


V Е v72. 2 Vl (¥ ) = У . Lemp = 1-©(127- Jas, 


cM” WN аи 
шз, ۷/۸ v fe spe e Vel омлә 4 fee oc hure ab doa finet condi U n. 
Naxt, weing ол Anka 
Tex (yTe)eor4 Cg Tele uy ©: 2) (Sut) +©.3) (Ste) = 518" 
ёс = (©. )со а (У Ленч Co 2f 729) +0 д) (9-7) = SS «fe 
Thus fy the fined слил TR (54o/rl& \г (08 and 


(= TR = (253 qt bes Y( Sex rtv ot /ft*) _ 4.372 


RT sus etos] lomot: че) C ST8 "EY 
ving Again +o ба.А=#?, we qet = 4, and thurs p= Pe Pe = UN (Saha) = Ft abe 
or £ (GF ЧУ = изэ. tbf fen’. á 


Considering Mat Со, w a ihe comdh у dis spe VC A vo 
ч з е = (2) = OF net 


92. no. 0.” 


According , Бе toe CO , Te = Goofy = 102 and 


Vig = (sm Oaaxsx ) „ү, 
asus S eo) 


Re{far Mg L Fag. А-(, Pa =о.ы?. Then, р = ре ovt (жаК 44) = Fig Flin سف‎ 
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PROBLEM Ш. 1057 





Known: А binary felotron ot 25°C consists of Sq к9 Of С. Нсон and 41 09 of 
Water. Tha pach ok wo lot wolumer cee O.O0S 73 and 6.0072. wd k ued, 
Меҳр єс vel. 

Find: Deere Ила deb Vratume USI (о) tur pacte? Vine lat "uolo ves 


aws (b) tre volor spec ft Vol u maar d pem Nina Componentt, Cah 


a igw dat ZFC , 
ASSUMPTION: The Solution is «he Sy slew. 


AMALTSIS: Ca) Weiter Еф U toq 


3 
(=s о: OS 73 Hs + [ 22. (o o2 3 
(£ 46 .0 19| kre | F. or ГРА Crt 


- 0.0734 + 6-039) = O. l2 — — — 


Co) Tobe А-1. 9)! يما‎ fw Алдо "coste aot zr, y = (. 902-4 m3 . А Wand book valua 


3 c 
l 
fm dw pec volume " AW Guid Са рон et 25 OC t — | Thao 
to $ 





N >= Ул, V + ^^, Ur 


l-0093 „2 
3 : (и е. 
| ПЫЗ м m above tha Va ) 
= 0.0752. + oog! OE obturned prev'osol ч 





сеза ll. {OG 


KNOW ы: Data are provided for e Selub'on of Cae and Сс; . 
Finds  Éthaadée (a) the spec: fc volumes of Co Н and суң, ر‎ œ) the РРР 
molal volumes of Crk and Cr Hu, fer an equimolar Ф (ифои. 
ASSUMPTION: The Solution S the. System. 


AMAUTSIS: Using the data provided, the followsn plot Can be developed. 
The method of intercepts (Sec. 1.9.1) allows the partial volat volumes tobe found. 


0.14 


_ 0.13 ي‎ Ves hz = 0.12% 


0.12 a— 





"V/n 


(m3/kma ) on 





10 — 
© Tangent line а М = 0.097 
at yos ca He 
0,09 
0.06 
| 
© 0.1 0.2 6.3 9: 4. 6.5 0.6 6.7 0-3 6.9 [Кә 


mole froction of C, HG 


Held 


PROBLEM II. 07 


KNOWN: Data are provided fr a 


ил Алге of Сог and CHa. 
FIND: 


Eshmate (a) the specifie Volumes ef CO? and ена, w) the partial we lal Volumes 
of Соц and CHa for an equimolar wmixhre. 


ASSUMPTION: The улус оре cs the ys tem, 
— — — 


ANALYSIS: Using the data provided, the follo wing Plot can be de veloped. The. 


method of intercepts ( Sec. 11.9.1) allows the Parha! melal volumes To be found. 


-— V., - ا4‎ 
Tangent nae, Che 


V/n 
(H3//omot ) 


Meo, 2.85 





چ 
Vee,⸗ 1.$06‏ 


Lo | 


0.0 0-1 0.2 0.3 0.4 0.5 0-6 0.7 0.8 6.9 Lo 
mole fraction of CHa 


I6 


PROBLEM 11.10 ¥ 
KNown: (Water as a satvrated vapor at (а) 280°C, Ce) SO0°F is under 
consid eral oa. Р 
Fenn: Using p-v-T date fom Hae skam tubler deternune ths fvg асс 
| ot: each State and Coumnure wrth ha Value yie (ded bu tHe 
! Gtuerulived буд acit Chart: 
AWALYTSIS! (о) аме {ед Vapor at 280 °С. 





|. From Table A-t Te = 6423 K ,р.= 220.4bar , Then TR: $33/,43.3 > 0. 8SN 
(% = 64. 12/220.4 = 6.24) Then, Б. A-C gives $/p доо. +25 . Thus 
Chert 


р -o.$2r(64. 1» 52.9 bar ب و‎ 


From the  discossvon. of See. 1.3.4 


Р 
An 5 = \ Р ~! 4 
pL UE 
Crap lick Solut'm * 
Using p-v-T data fr ows the Steam tables the following Plot can be, drawn 
at Т: 280°C 


4.0 T:2809?C 


3.0 





l-2 Xie E | E 
( P Area of Trapezoid = i [ 72+ 3.78 ](e4.0) 5м i s 5908373510 


P Aeta. 
$ = 452.1 bar -4——— 


> 
= Ё. 0.812 
=) 





о 20 40 co 


Р ( bar’ ) 


The answers obtarned Using these two graphical methods agree do within 2%, 


(oy Saturated vepor at SOD?F 
Crow. Table A-1E Te? 11@S°R, Pez 218at« . Ther, Tes 960/116y= 


0.82. (= свое = 0.212), Rs 4-6 gives р 2 0.87 Thus 
t 


p= 0.87 (69) =542 brin a chart 


From the Фусо гои of Sec. 11.4. 4 


P 
i.i. (ж) 
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PROBLEM 1.1084 Continued) 


U Ss p-v- Т data ساتم‎ The Steaw tables +he following plet tan be 
drawn at T= SUD °F 


3.0 
T= 500°F 
(c£) Kio" 
Р 
Area z 0۰17 
20 
і 1 [ 1 
100 200 300 400 500 боо 700 
p (Cif tat) 
qus м f = ~ ۵.7 => £ -0.944 ==) {= 574 lof 
Р p iat 


Thre aus wers ob tw ned UStnsg {зз Two agraplircak methods — 
te uo patria S 9. 3 í 


Gup — — — G 
— — — — 


The Following TT code provi dea on alterna hive to ustn 





Skam Telo data Eo- nis A Sıma lar oe a cl. Com fat weed fe pa c Cv). 

IT Code /* The constant 0.0135 is added to account for the 

T= 280 // °C area from 0 to 5 bar. The computer cannot evaluate 

psat = 64.12 // bar Int for that range because the pressure is too low. The 
value was determined by extrapolating the data from the 

R = 8.314/18.02 // kJ/kg:K BROWSE table to low pressure. */ 


Z = (p*v* 100) / (R * (Т + 273.15)) 
у = v_PT("Water/Steam",p,T) 


Int =-(Z-1)/p ІТ Results 

Inf p = Integral(int,p) In f/p = - 0.1898 

f р = exp(Inf. p + 0.0135) f/p = 0.816 

f-fp*p f = 52.31 bar 
0.004 


0.0035 
0.003 
0.0025 
0.002 


(1-2)/p 


0.0015 
0.001 
0.0005 





p (bar) 
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PROBLEM 11.109 


KNOWN. Sys bers at spe c. fred S фа tet are given, 

Fred ы ‘Por “аск Cafe. ee {е c A i ng +з fv засч з "n atu. 
Av ACUSTS; 

Butane. SSS K,is5o bar 

о 

т = 425K , p, - B88bar. Then 

[S 281957 


ee a DEIS fR = 38 = 


(4 


For Butane. 





424 
fe = meer) л |= авама (a) 
Figure A-G, F = 0.62 25 £= 0.2(15 ver) 02 hav | = @а چ‎ 
(vj Methane j20°F Воо lef [i4 | 
For Methane Te = 3+4 К, №. = 4S. Bam. Then 

= tof/ 2 4,7 tof fear 
Tes SE). eq, po Cre reet finr è) ag 

S44 45.80 ter 
[дола A-C, Ё оү = f= 51.7 2 № Mie i) 


€) Benzene 840°R, IIS atm 


Re [Seu pene Te = 10 3°@, Per <8. Tah. , Thea 
тыз 840 — 0.88 j P, = EPEA - 2.77 
465.7 д № 


{Org 
Rquu А-6, £ + oug — Q= 24.3 ate جد‎ 00) 
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PROBLEM Н. Пе 


KNOWN, The едоаћол of state has the = 
23 / 
= E- m aks es 


Ds 


FIND: Using ие es оа hon of State Evaluate te fogau fq ef OW Voce C 
at 750K 100 “Лил бол. Com pare with the Valve ob tuined fonn Fig. A- -ф, 


ANAL TSS 3 


(7) 


L ILA rs the ا‎ ex press on. 
fR 


= | (2-1)d du fk = i‘ (£z) ) 4 Pa 


0 


In 


шш 


The eque hon of € te te gives 


em] E _ 27/64 cd 


Pe TR TR 
Co wuh: ang these Жел results 
TE 4 Е A 221 dfe = z fi- 27/24 724 | 
n Г = E 8 E Te 


Pov Ф. V na uny C j Ta ble A-1 TIER “Te = 406 K, Pe = 2.8 bar. Thos), 


Pe = (160 ata) à 1.01328 bar fat. ) _ 0, 848 


42.9 bar 


Tez 7506 - | 847 
4.06 К 





Чал зг h'n; Values га о Es.) 





ln = = ЧЕ Uu mes | ==» — O.4 S1 
р gal? 1841 
Thus, {- 95,1 atm 


By tns pechon of Rg. A-G, Í/p = 0.47 ) d na f= 937atwa. 


of, d. [ference = (8852. e = — 196 
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PROBLEM П. 


(< ^30 LUN 2 Ta oulated com pressi bi lida date froma die litera lure (x to be aged. 
Fired? Evaluate $/p 


at Tg-l4, RIZZO) and Compare with the Va lu e 
f oun. Fig A-G. 


Дюд SIGS Fr oo. Ка A-G} f/p= О. 824, For seat ets la hi un 
Apple Cable expression: 


Ре. 
io т f C2- Dd hn e ia 


The plan ts do evaluate Z -I Pr at Те = 1.4 CORTE O <PgS 2-02, 


and then plot vS Ра. ( Data Fom "The Pre per hes of Gases aud Liguids” Zand ed., 
hg RC. Reid and TK. Sherwood, Me 6 arw -th 01, 166, pp.587- 545.) 


E 1. te 
Р Eg. /24 rg the 


ia the 





Te 1.4 
- Ф. 
2-1 
= = 2-1 ~ - 0.102. 
Fe 
—0.091| 
Accor doug ly 
|n a A (6 .102)2.* ) = ~ 0.204 
P 
зу Ê y 5 
P 
Cer peri son 


(o. gu. 0.624 (too ) = — hl 


0.624 


CM 
і 


0 
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PRosLEM Ш П2 
лосим: A Runcated virial expansion vs крес, Ёгед: 


| A X | 
Z= 1+ BURR Cla) PE + Bite) р 
Fmd! Ca) Using tabutated Qao w^ pressi bi lity dat, evalua Ё RC D for 
O <В «60 and TR = 10,12, 14 , 16, L8, 2.0, (о) Obtain an expressi on 
be San flp in terme di TR, Рә, Thea, оста фае Coe F Preven ty 
of part la) jevaloafe Р/р at Selected states and COnpare 
with tabulated Values. 





ANALYSIS HANG а. ff. (Rt is +h applicable expression: 


| P fe ç 
“#1, (zd ote + |, G) te 


Using thre | dax A ue hs ef eiie 


In £ 
P 


P 


P P x з 
| E Cte) Pe + DTe) e Jf 
0 


^ ^ = Э 
= T a CTe) Fe D (Te) Pe | 
BCR) Pa + CC Fe + e) fe. сї) 


| ; A ' 
w here th. cool h ents R i С , D O^ obtained for selected TR Values and 
Pe EDO CAS C слад © C Г.о by linear regrvesston Using tebulated Comp vesti b, lı fy 
date А The Co e cc eut lVa loa fe ef сє Co а у TES 


m “x A 
re B E D 
1 (0.66404 1.274314 —1.30854 «- а) 
1.0 .-O,32199 0.081732 OIG 
l.i -0.247981 -0.02425 -O,02729 
lad —О„17771 0,901 2029 -0.04160 
1.3 .—0.12188 -0.03410 0.024815 
da^ 10:09219 0,072049 O,02155/ 
1.5  -0.07307 -0.00706 0.010698 
lé 0.060488 0,020939 «0,018516 
1.8 -0.05442 0.068857 ~0. 04020 
2 00.059501 0.070563 —-0.045350 
b ! 7 " ma 
| (b) As a Sample Cateulativu ) at Pe =О.©, IR 2)2 , tho = 0.47. Tu sec has 
Values into Є4.(4) 
| 
In f - о.17771 (os) + о. 012.024 CS) _ o.o«ic oC S) 
P z = 
зу £z 0.915 — 0 ( 


Tha of, 4. (ам eve] LA is 


. (© ~04% )ip~o): 0.54 
fo 0.42 
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PROBLEM 11-13 


KNOWN ¢ Approximate expressions for the fugacity of a ligurd are specifred, 
EIn D: ‘Derive the ех press, ons and 


Comment, 
SCHEMATIC > GL VEN DATA? 


"X 


u- 


ANALYSIS’ Beginning with Gq. 1.122. 


RT int) 2v 
T 


FP 
Then, approxima has v Ф. 5 х, Vg (T) 
Ex 4- т), 
dp Jr RET — RT 
ev" | L | Ve(T) y p 
£0) & fa) exp] чы ] P-R) | 
Letting x= М) [р-ка ] and 2x pan ding ex p(x ) 
eT 
| 
fp) А а E Еа» 
/ / 
em dii 
| С 
А с шй: (DP) As jos ihe uw + “ә ferme in Powers of X are 
Sha Ll шы ыш o Venere, For tram ple 2 Corsi dering the сасе o f EE 
aot A 7 eq 9 Table А-2 9 ives Код = О. 0356 7 bar, | У = ооз гую? m єў 
— | | 
x = VEC р-а = Looasyiat ит 169 C P -0,03S67] bar 
RT (i387 Y 00.15% ) dban — 
(i$. о> К< dv. ai SESE 





(7.25 xi *)C P- 0.03567] 
К а - v | А 
“The pressure range Ф ماس‎ Ct. < < IO , where nis an integ eryis 


- -n 
asint Cp- 2:027 )< {© 


" 4- 
=> [p-o.o:567 7< 0.13793 10 


n p Cbar ) 
2 < 13.63 
3 < اج(‎ 
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PROBLEM ıl. ia 


KNOWN: The Red EK EOS feqvation of state descr. beg 
t^e p-ve-T behavior of a Gar. 


FMD : (a) Evaluate In £ for the gas. Cb) Using the 
regat of Partla), evaluate £ ім bar, fer 
Refrigerant Ita at 40°C ر‎ ا٥‎ bar, and 
С брате with thse value obtarued Crow 


Һа. A-G 5 the generalized fugaci t chart. 


ANALYSIS 14) Bed nA bay th €4- 2, integrate at fixed Т 
{ү ow Cp co!) to СОР, с) 


P 
р 2 
Rr ins] = | “Яр e 
Hef 
Сомма div VHS оге Є $ } 


e 


(2) 





cde: Ера) and (2) 
(3) 


7 45 
pe -Р°7/— |. | 
eqvah on in ths ги Ё 


E Р. 
RTh f b : 
I^ trody “ne + hao Redlich ай 


Б 
р MEE TT L9 
gue] erie (LIS но 
Y 


grok 
dv 


= | 
Ар = 8 = - lace RTA И 


і 
= = Wye — — 
т: (у e) | —772 V 
nf: LL - p + dnl Fe] RT 
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PROBLEMA и. 14. (сола ue 4) 


Neyt, consider the Ainut ac P> LEE'S oo) ot fixed T 
рь) SRT, E. 


#!-» p^, 0 po!» RT 


“Thus 
bafo Zal +4 o ——— 7*6 (4. 
pa =| eR Т 8/2 (9) ) 
Eq (4) Can оа ^ ccc Hen d. Tee. Redlich- Kwong 
egvah m: 
2T о. == — a, 
p= IR — s +h, ==) — -— oo — 3/ 
— V(V+b) T R 7- те 
v ] RT ӯ-ь C(*b)R 
z 
> Zed -egr зу 26] = کے‎ - See 
ve (Qvee)RT/ 77 7 7 759 T Gee) RT 
Thuas 
; + pel)! Ge 


( a. m 20 
f = 5-b 5] 7 RTA Es 
ne y- 
dez 374K, В. = 40.62. Thur 


(p) Fom Tete А-1, for Ё!ї+а, 
K lobar = 0.257 
Те = З 047, Fe: — - 
ar 
gure A-6 giver) £ 0.41 29 t 
i Ess. і. 
mE a and © for "се via OY | | 
- 196-34 bar (2, Jo j bz 0.0661 | 
equ he for y «ta T= 363K 
7 Ф 


~K eon 
Solving the hedh oh $ 
: 10 bar s ы Ар © 9.72% wm? / Ic ibl. 

- 0. оёзгу зас ear 


Gnd P= 

fines, (n gey hing ve. Lo tn to 67. (5), е R- 

iem 

овиҹ)(163)] _ 136.33 y, las Ho ^o. ^ ies 
(0.083/Y)369) 


0.0662 (0. 
laj ~ WITT. + Lal 2-65F4¢ 
سل‎ 


Е 4.208 رھ‎ f24lhar 
tla [9 
d and chart values for f “3f ОИ 4 


س 


The calcala H 


!1-12.4 4. 


PROBLEM ILS 


KNOUN: Under consideration rs o one-tniet one-exrt control Volume at 
Steady state through which the Flow is internally reversible and 
Sotherwal, 

EroD: VDer:ve an ex pression for the work per vnit of mass f (ow «s 





m ier uas of the fugae hs and other relevant quanh Hes. 


SCHEMATIC È GUEN DATA: --2:-..2 
e eee | 





ASSUMPTIONS: CU) The control volume Shown ги the Accompany 4g Sketch 


5 at Steady Stu te. (2) The flew хз ае, reveriible ang 'So¢uermal, 
C3) A Sing le Compo nent Or a wAvy ture wrth Kuown opertres Such as air) ts Flowing , 


ANALYSIS: 
mass rate balance: Ww, mM =m 
t А y è t 
energy Yate balances Oza Qey- Wey + w [ bina, + И 02 gl- 


ew eps rele balance (sita assump h on 2): 


д = бы o0 753i) + "^s 


Emane hing Gey between the enersy and enfreny va te balances 


& 


2 yè À 
Wer Tien) (mom) * (УШ?) абаа) 
wr 


The G. bobs function rs 3 = h- Ts ) 4 va s 


Vel (aeq s VOS + gery) 
T 2- 


For a Single component , the Che wu cat potes hiat *53uali the Gibhe fouchonw 
per wele. Then, wr tw Gas 101.12. 1 


* 1. А 
Wey RT fe д МА (вт) S—M—————— 
{ L 


w 


012.5 


PRoscEM 11.116 


KNON: Methane ex pands [3 otharma lly and without rrrevers bili tres Here up a 
{миь и е opera he at Sten de, State . 


Eyed: U sing the generalized fugaci t chart, dederiunne tre Werle developed 


per lb 4, сна owing. 


“T= 77°F 





P = { atm 

Rer Mf 
ASSUMPTIONS: C) The contvol Volume Shown in the +’ gure is at Steady State. 
(2) Tue €x pansion IS fotharmeat and TaD reversible ОЗ! Kine and potenti of 


©1057 effects Con ae ignored 
ААТ: Using fhe Acautt of Problem INNS and dota fron Tibie A-LE and 








A gure A-G, Po, - @oatw -> T7; 537 °ї© 
RI = — ج‎ 1.381 te - ё? = —À = е 
45. Bate. p t7 ат 2 6 
Per = 2 0.02. 
45.6 
£) 20.42 (s со ® ( 2ogRTÀA fe --Ң:4#@ Bhs sre savor 
(Ф), 2 h wh it £ (6.0 le %2 0.31X604 hw. 


= 266.7 Biw//b «—————————— 





PROBLEM 11.117 


KNOWN: Рл раме. expande со Feri aud witheat Ге ем жез лі t'es 
Мае чалы tur bine ope ra hn4 at Qe d y state. 





F/MNO-. d T^ generalized fusac ty Chart, de Hernanas tro 
power develuyed. 


SCHEMATIC QGIVEN DATA: 


ASSUMP Тт. О бә $: 
абс аА 


|. The control volute fhoum operates at stenty 





State. 
2- The x pansim бо ico thoruadl and ia tey e n 
reversible . 
3. Kinetic & Potenher enory effects can oe 
ignored. 
Дм АТА: Using Tv ^A fu it 4 (Эле bol eu. tt. (IS and el o, t Gow “Tot А-1 and 
R4 4-6 _ (бобам . 44g r+ 12.20.23 , Те = 499 . 1.03 
1 i fas pee 038) OE aj ' $70 


($) = o. 4t („= 0. . Then 


u, > s RT Dn (E) > (yen (GEG) 


- (бе y 527 £2) 4008 Л (оче) 


АЕ loll KW ——— 
tr р 


60 SH 44.04 FFF 


HALO 


PROBLEM 11.118 
know“: СУМ © compussed isothermally witheut interno rreveni h pes, 
FIND: Detoyvnune the work and heat trans Ё, each per Urat hance of 


Съ t6 flowin 
ада sever ы. 
- ASSUMPTIONS: 
l- Ths control Velow іс at Steady state. 
2. Kinetic & pott n ot enerau effect can be 
Pa = Gubar (чеге. 


3. The focos Occurc (Sothornat avand 
оо Ило interns irreversbili tes 





t 

t 
` 
3 





$i — 5 i 
T= 320K 
( 


AbALY $f: Using the боо АА q Prob. 1111¥ 


Wer - тал (E), 35), ) 


bit date fran eR А-1 and Fig. А-6) 





Тас BOF - [1.05 - Sw _ » - 4.0 
R= Jose И Fei = enue 043 me Zee 2 2 8% (E) = 0.48, &)- 20.79 
Twas - 
Wey __ AC eJ c (© )=- 164-3 k3 «t — —— — 
V^ 0.0% FF: E YY ззое| | 2 ст) £ A ae) Py 


Md Les — 
Trvolains £4. 1-93 and Pg A- 4 


LX w M -£.| (^ (A) -(52)] 


=O 





— Е 
> اہ‎ > бузе) | Go) ton] = - 7*7 
The 
ev. Wev (hy -һ, ) > - 164.4 V + (- iik -241:6187 д. 
b^ мл 
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PROBLEM 11-419 


Known: Steady-State epevahn data are provided for methane. 
expanding isofherna lly and twi fre ut in ter nat inre verii bi litres Han our h 
A- tur bihe., 


FIND: Detarnune d» Powe developed and Deed heat trans fer. 
ScuHAmATC &Givry DATA: 








|| ASSUMP ток: 
chy ff | l- Tha con tra | Volume fs at Steady ç ta te 
| — 2. Cinefic& foo t 2-8 energy effects Can hà. 
Р = toolbar | | & -ibar iS hore d. 
= | 
Т> 22S8 J | 
4 


ADALYTSIS: Using Ho ләә ААА q Pao b I fos e thor with dato f omar. 


Teble AA and А5 A-L: М1©.0+4 - 29516 ~ 1.44, Ре: 120%" na, ©, 
? к к= (41 ЕС 46 har 


ў 
Ы" - 0-32 , (4) = Oo. €) | = 0.4% 


UT Masc )م‎ ее (RA) 


:-@-з ed ( £32) 2 ( baD) X) 21423.3«W — 





(Gu ¥ 
Mass and teres eet 1o «Qa re aoo Хаоса. to ү; vs Qey: Wey +m (ha -h,). 
(ha-h) cambe fund using 65.11.88 and date fran К А-У 
- — Em OX =“ ~k T TX Y 
EVEN he chu R Te (E) -( h +) | 
29 — are т R Te L Ec], 


4 Сом 





> TE EN (eus RA COT | 0 I1)- (|: ie) = [oo = 


"T hus 


Qey = (23. зеш) + (o s сє? (100 Ez all — = 193.3 kW a 
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PROBLEM 11.120 


nown: CHy flows soar and witouwl imevecnbi]l tres throu a 
hor: zon tok Pipe, Steady- state data are Provided : 
Сумо: Deternune c^ ем} no 


SCHEMATIC GUY NO DATA: 


Q (3) ASSUMPTIONS:L Д control Volume 
"ч cid ОО 
the Cortyvol volume, poteen 
P = bar P, = оь ar Кан | ‘, 
T- 2001€ я can. he еен: and 
T= towls | 
ANALTS(S: Uning ths ^ АХ 4 Paw ele w Il. UES 
w f М.-М 
x Ji^ )م‎ fe) + — (yt 
eine T 2. 78 2| 
г * f 
> vew -2Rt( 2) C) 
Go: dw ds f» fru Ads А-1 and As ^-6 
т! Te = 309K < |.5 = SO_. |. - 40 . 
№М = 16.0 4 те att | t; Pai 44.4 ° 1.08, Par 144 ° о. #6 


буена), 7297 
Thus, t1. C0 pon 


b^ [e 40 B 
we Gene 2 ( BRE BE aene) | rese e (e 8082) 


- бос - (-62 920 /s*) = 2,51% [< — — 
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PROBLEM 11.12! 


Known: Ethane (C; Ho) ù (а) pure at FIOK, 2o.Fatm. h)a component 4 aw 
dea Solution at Biok, 20.N aw with a mele fracti im of O.3¢. 


FIND: Ел each care, evaluate th сезле ТЫ 
ANATS: la) From eB А-\, Пс = 305 <, p. — 48. X bor. Thon, Tee 310/so c = l.02 
7 


Рә- 20.4 alm | l.0132Sbar 
Re c mI iso. - $ 
4$.$bar | | adw | Ы 42. Rg -A-G ف پچ‎ T = 9-34 => $218.2atwis— (а) 


Ch) For ethane 45 a member e1 an (de, eol uh o, Eg. MIP iS 2р" akh : 
۴. + 44 wau f; ы tes {елее of purei at the Laue TP. Thus, 


f- 0.35( ($. a he) = 3% atm. 


м 


А 





PROBLEM 11.172. | 
KNOW: “The fugacity of th solu le (denoted Vy 2) ui a dilute binary 2% оа 
Solot'o4 at Dp fF prepertiona Ce ts mole fachon 
l^ the wolunm: f 5K Yr, where K vs a сиси Ё. 
S how thet tho fugacity of the Solvent C denoted 641) S 
fps ر‎ oat d! „ ths mle fra cfi on 4 of th solvent Qaud 
£ with fugacity of pure | at 7p 
АЫ А515: The indensive state 9 Ила Solution +s feed by T) P) Ji ard fa. But 
with Tp assumed mown, either 4, ov чу Can be viewed ao the 
m алай variable писа ites Г дес со, dangly j the Grbbi-Duhemequat on (Er II. 113) 


v e du coc at heed T) P and 4a. ans tte independent VAVERO'E vo PAG 


Fred. 


v», 44: am 403. = o ш» же + dv — 
tyz dyz dye 


Y^ Loc A, ETE T; G(T) (6g ۱۰ ر‎ 
ELS + di d dn, 20 с!) 
d. дч, 


Dih сл. f= ku. ==) La fa 


3 i 
= Bin Ya +n K and So Een = Fa (2) 


Combining Ее. C1), (1) 


ү: [ЖЕ — 
‘i dint ——— | =0 =) em = di ж CH 4+ Ye) 
Ja C4 
(1- Уг) 
==“ * 
Accor dae n, "ES _ Ju (1- Ye) — «у F(a K U-92) 
| f = Е ¢ C3) 
Since Sirf, مه‎ “al Ке} У and + hue Eq -G) bacowmes 
— — 


f, = “Ga f, 
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PROBLEM 11-123 
KNOWN: A tank contains 310 к o q «feous Wuxture with tha 
welar analysis { 70% Cate, 3070 N23 Yar ЗИК) |FOatm. 
FIND: Deterneme the tank volume using fina Commprossi lar Li fy chart 
and (a) con's rule ر‎ (b) the (dear воі оН ہہ‎ vo Gc. Compra с. 

і ил‏ :فداه 

ha measured v : — 
SCHEMATIC 7 GIVEN DATA: 


| l eHe 91-707 
T-3uK 2. Pi 922 0.3 
pz2r704afe- 
m= 310698 


system (S the Mix bu е. 


AMAL SIS: (a) Kays Rule plus 2 Chart . With data from Table А-1, Ess. 11.97 give 


Te = 9, Ter + Ua Tere (o.1)(3o9) + (0.2)(126): 291.30. 
Per 9, Pert Ya Pere COM 4R 214 (0.3)(33 Y) 43.294 4 f— 


Thus, Tg: UU/725521* 1.2.4, PR? 120/4€1.24 = 3.98. Then, Fig, A-2 giver, Z& 0.65, бе 


Ve z| -51]- os] Glow 831¥/29.45 (№ М/ к-к, URL = 1.03 w? — 
Р ITox 1.01325 Хоу Ni mre 





O whee. Мч, Miu. M, = (0.4)( 20.0%) + (0.3)(23-.0r) = 24.4-9&4 / k mol od vec. 


(n) Ideal Solution Model plus Z Chart. Using бс, Weis for an wdeal Solutrou 


Wen, Vit и МУ, = v, V, Ф п Va 
where Y ts tue molar Specific Volume of pure A atthe teu perature and pressure 
Dividing by и , the number of moles of Soluh'on 3$ vei 


ofthe Sotufton- 


Y. Vi ee A 
La! 


С) 


ть find V, , calculate Та = 31/3055 102, бүт 170/4827 3.53 . Then) From P472 
o po 


í . Ac cordi nlt 
— 5 — RT_ Cosi) SIN Sm [emel X) 20i) - 0.0766 m` 
ae r^ А ( 170 x Lotiri’ Mí m ) emo! 
ez ha. A-2 ® 
tug V calculate Tha 2 afi = AUT, Peas“ 170/832 5.07. From hg ‚ Z 
To Rud 2) ~ 


LUS. Ассо ёо 


3 
> = +00317 a 44976 M 
us z,RT, (e TEE А 0.187 ol 
Р (oxh 0132; 105 
Then pwi th 64.0), V: nlg + 1» V2] у oc 
C5) 
-4——— 


w3 _ E 
У = / اھ‎ ۴3 (ето ое) + c0 -3)(0-15F6) | ге аа o 
29.45 Kg lkol 











|l. Using Eq. 12. 1 of Sec, 12.1 
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PROBLEM ILI24 


known: А tank contains ISF lb of a wueyture of ZS Ar and 25% 
Cully Chelar Баз) at ZRF, 9/.4?аћ. 


FrwD: Eshwmate tet tank volume using (а) th i dast gan #1 Bam rat state, 








Cb) Cayts ruda with tho FENS CO vo sti bili ty Chart) Cc) i det Sol 4H e^ 
modet twith he Courprosss bil h Char €, 
SCHEMATICS GIVEN DATA: 
Е l. Argon. Y,2 0°75 
T: S37°R 2. сьн& үз: 907 
р = #1. 2 а? 
mz IST lb 
ASSUMNTION: The mixbre is the System. 
(осу T daot nad dank, 
м. MART, петь) (19513097) (ЫЬ (ST С 29.44 43 a ©) 
: P (31-42 X 1 144) Vef] ft> 


(D wher M= Му +42 M (Co 025 014) + Co2$ X 28.05) = 3697 15/1ричоі . 
(5) Kays tule With gen. o bility chart. witu date fran 7442 А-16, Egs. п.97 91ке. 


Te = Su Ter A Ya Ter © (0760232) + (о.25)(6510) = 830.5 ^R 
& - ә, Pee + ча Per: (0.17)(47. 4) + (0270505) = 48.61 ањ. 


Thus, Tr: 537/233. = 1.62, Pe = [67 . К. A-2 $e: 2 3 0.41, $o 


| (ь) 
у= Z ЁТ = Z Vus б.аү(го.44 #4%)= 18-6 £43 
Р 


eG 


С) Edad solu with gen. со ssib: lity chart. ir к; ‘tib 


М» Wa Vit ni V = nı Vi tre Va 
Where ve £ the molar зрее fic volume of pure A at the Temperature and pressure 
of tne Solution. Dividing by ^, the nomber of moles of Solo h'ow 4 ives 


NV. سے‎ - 
= 9, У, * 9o Va C) 


E 
To fnd Vi Calculate Th > § = | 
t- 37 2 * = . = 
2740.97. According ly i (272 | 47, Peis 21 42/47.97 > l. 7. Fro. Aig. А-2 
yz XO RT a ODUNSI?) | дү, 443 
P CRX 1¥-69¢)(¥¥)] ТТТ 
To find V2, calculate Тә > А 
/ ёг = $37/ S105 1.053, Fort i42] so. y- LOIL 

FY. A-2, 2.2% o. 32. Accor dingle, f f > PS PS. 


v 2 Жа. ЁТ . (o.s2)u59»)(527) MNT gt? 
P [ters 2) ((¥ ere XI ТТ 


With Eg CI) | mE эү: сс) 
“= nf 4ı tY): GEZ) оа (авн) o.rr(1-541) ) - ©. H Tires 

















PROBLEM 11.1257 
rae S is contains 2130 Kg °6 o ux hare of Fo Ca He, 30% M2 
FIND: Estwmate the tint volume Using la) the cda, t aay "vin sh, 
(4) Kay's nuts with ths gen. C9 wya S vbi Ella! chant (c) фа 
rele АА — Мо dad سن‎ ith tie gen. Cove possi hi li ty kk. 
SCHEMATIC = GIVEN DATA: 


1. сз, 4, +0-7 
T= 400K 2a Na 92,203 





ASSUMPTION: The wey tyre is the system. 
AMAL SIS: (la) Ideal Gas Model. 
еса: ча с обе 


83 14/әя.+$ Nes. i) ( 3 
Vus mRIT (2130%9)( FSX Nm ]es-K) (foul _ у. 
р = к — — (в) 


200 «L.0(32$ x 05. M[ na) 





(D M- AM +42 Mz = (0.3) (30.04) + (0-3) (29.001) = 24. 4-7 9 [Cnet . 


lo) Koc. wit fen: tenu ssi h:i li hy chwt. With Gar. 1.27 














Tes di Tes чыте: Go (ger) e 6.2 i): 251.3 
Ё > 5 Pere yr Per > CO7)( 4821+ (0.3 037.5): 41.74 a tm 
Then, Tes 400/2543: 1.54, Р: 200 743.792 4.59. Аз.д: gives EZ 0.87, So 


vs z[ ET | - Z Va * а) ат) = 10318 


CC), Tde«X Solvbon plus Zchart. Using E495. 1.126 for an adeal Solution 


ма 
Г» м, Миг М; = м. V Len У 


е 


Where Va ts the molar spec f'c volume of pure a at е тем pera fore and pressure. 
of khe Solutio. Dividing by и, the number of wneler of Solvh'on gives 


V., Vi *492V 
у, = J, \ $2 V2. | Ct) 
Te hnd V, calculate Те = 400/305: 1.3] n Ре = 299/492 4. 15, Then, 
А. 5-2. gives E 0.7. According l9 
viz ZirT. (o-7)( $8 тс. ) 04005 Ese) (500€ = 60.0144 m? 
P C (aco) (1.01217 X (99 иһ) ы 
To find Zw calculate Terr OV 1206: 9.075, Рел ғ 200//33.7= 5.97. R4. Arwagives 
Za% 1-08 - Ac Cor хис! ч 


э. st _ G.08& )( 33/N X 460) 20.1'7/7 72. m? 
n= ZET Сено loans n) pmol 


і 


uide. Eg C ) 


3 сс 
V> n [47 + ч] = EE (CMC o 44) (0.3)(0-1772) | = обы 4—0 








|. Using 12-4 of Lec. i2-| 
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PROBLEM 11.12.6 


kNowN: Steady- stata opera tin — One povr ded fw a Co vett) S $0Y^ 
hamding an equmelayr veiy O, and Ma. 
EIND: Deternune (2) the Power etel ر‎ Co) th а enon production, 


Sentmatic & би DATA: 
ö— — — — — 
Mixture: Yo, = du, 20.5 For the pure components 


lo bar, 220 (< bo bar, -00L 
2 (кє) (eljek) nafea) — «Cris le) 
— — 
Њ= Cobar 0 | 145.0 5.82] 358.2 5.60] 
Tz = 





N | 224.1 $. 826 4.03. 6 5.41/ 


x 
RE йы 
H 


ASSUMPTIONS: 1. The Contvol volume s hewn ls at Steady state. (2) for 
the Conboluolume Осу =O ) nehe & puknhAr fnerau effects Сак bR 
ignored. (3) The mixture adheres to tha ident ж a vade |, 
ANALYSIS: УД MASS) meriyane enho balance), и oF 
М> № (М-и) = м [T T m$ (9-5) mM. (T-T 
Cy C l T) we [^i] J y (S, ) СЕА 1. 1) 
O whaa M my = о, Моз + Yna Mn, = 30.0(. 


CA) Qu ih. €4. 1. 13%, 





WN — a | Ҹо, Ch, = hr) Mo, х d". (h,- ha) u, Мм ‚ | 
G ا‎ S) | (45.6 -358.1 X32) + (22v.1- +048 4.04.8 (28.01) JE kW | 
ттт fes песи — re a ) ) ( Ties? ў Киме! | үүт; 
= 193.4 kW 
= T | We, 
(^) J 
— S.41l— <.826 (28. 01) 
© ыт 6 — 5-601 -5.521)(32 + ( — ) ] 
ИСИ о.о 
= 0.0862 T | 
Sev 











l- Uning 64.12.9 of, Send 
Siwce сь mposi hon fer ne constant, +4 < a pro ach. suffices. 


For +. Sco Cane 4404 Gas mux ure (Moctstes ob Cf hut 
Compo sch ал) — discustion of Sec. 12-4. 1 Reding to Єз. 2.36, 


a 
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PROBLEM 11.12. Z 


Кмоом: А gaseous way Tere with the wolar analy SiS \ 70% Сн, 30% Nr} 
елде o Cow ote Opera hng at $ tenta STHG anh xS 
at о. Vase» [3 c During соул срела Te tempera tie A 
th ve ture dep ort by ho more Hmo Fran a tempera fee 
of 250 <. Ths power aquired W claimed © ha G KRW. 





EF UO: Deter pune if jt. Claimed power ARG VI r€ ua Ont Can ke correct. 
SCHEMATIC © GIVSM DATA: {оордо ера 
( 
Eg 
— — 
Я =lobar \ 












12%КЕ X 
= Фә 777 
м. 
{70% CHa) 70% к. 
Wey = - 6 KWNCClar'm ) 


h (kJ/kg) 
10 Баг 100 bar 


506.0 358 46 
256,18 229.68 


s (kJ/kg: K) 
10 bar 100 bar 


10.00% 9,3710 
5.962 6.198 

















Methane 
Nitrogen . 


ASSUMPTIONS: CU) “Tha contra volume Shown га te figure S at steady State. 
(2) Cin tc aud Poten hat € ^29 Changes can be (S wore d. (з ) The Mex hare 
is мло 4А Даа an an idest Зоіоћ ол. (4) The temperature at whan VPE. 
tronsfa- toker place c 250. 

ANAL TSIE: Reducing Wass, energy, and eutropy lo wlan cre 


О = Gey = Wey А C hi-ho) ‚ © = ES FELSCN ~Sz) 4x 
Curve AS thone ex paes si nes ر‎ We Зе 

(- Wey) = a Cha-hi) ¬ Te (52-8; Й, + T$ Tey 
Siuta Shee |^. — fixed, AOS: MN ам — 
Corr panda & 6, 208 (Моси) = A LGi-4,) = Te S. - 8.) ] ) whs Ty م‎ 


rome‏ ہیں ما{ ator ede co ba Ce hse trans fa, occurs, Sines‏ چس مل ېر 
dau Slo ie juse of Eg. 11.138. give‏ سه ص ма аА‏ اي 


ha-ha) = yan L hr-hi leny + Yn lhe PIN Jue 


= (0.3) [ 358.6- S06 ,0](16.0%) + (0,3) [224.6% - 256.12] C 28.01) — 18777 E , 


Si avy | 
$>-$,) = 8. - 5 + Ym, С - $.) M2 
0 ($3-8$,) = Yemen Si J снҷ СЫ u 2. 
> (oU ЖЗ 19:03) (16-04) + (0. Ls.188 - s. 32] (28.0) = ےج بهو‎ KY 


kmol: К 


Со\\е ching Ad o A 1 





№? 
ы + (еке | ven EUR: 
= 71-є\/ 
© млд. ма Cot voa d Ase tune fun (-Wwev) w Rese hon ا‎ МАЛА И ом 
races coh Value ر‎ fre chen Cannot be velud. وه‎ 


1. Since composi hon Agnes ns constan t, thes ^ fo ^ об. Suffrces- For to Speco 
Са; e. (deat Gag auxytnre [о се тЁёо at Ода Аи Сомро Һилл, fer 
the disco esi m Хас. 12,44 Leading to 5-12-26 


l6 | 


PROBLEM И, 12.8 


Known: The departure of a solution from ideal behavior. 
IS represented by the activity coefficient {1 = N; ) 
or with Eq. 11140 | 


A * 
y t 


б 





Find: Using the G (bos - Duhem equation , obtain the Following 
expression for a inary solution T i гё. у relating 
the activity coefficients and the composition a+ 


emperature 2g an pressure P 


1 d In f = | y Jj In { 
| Y 1 я d 
Ju yz p,T 
How might a expression be usetul ? 


Analysis: 

The Gibbs - Duhem equation IS giver by 
Ј 
2. n; а; = V db - SdT 


р 


where jJ = 2 for З binary — 


Consider ting T and P te bu the independent thermodynamic 


P ro perties ) 


| 2: | J ja; + dhi | 
d _ = — d : t M dT | —À— — dp 
4 o Me Т, руу, » ai 


' 
r 


Qj 


! : | 
Lor p = re Sd T= — d = dp Es 3 


da = d д 


e x — 
Jy: yi 


(d 
T, P Y3 | / 





1436 


PROBLEM 11. 12.2 C Contd, ) 


Also , for dp = dT=0, the Gibbs-Duhem equation 


reduces о 


L=] 


: | 
x n: d р; = Q0 (2) 
Lor d binary mixture. 


Also tor a binary mixture > 


y, * yg = 1 
vue = [ose Y2 
=> dy, = = dy; 


(з) 


| The difterence 1и the chemical potential of 1 between a 
specified state of the mixture and the reference state 
1s given by Eq. 1.139, _ 

| © n 
Jr ee fe = EST lA e 


А 


Inserting the activity coefficient and rearranging 
Ae = дм + RT In CAD 


Performing the ditterentiation indicated In (1) 





23 
Jui вт м 4 RT 
2 у; Ё у; m yi 





dn *; :3 
=> d» = КТ |у; | ox fX 
mE i s а a Vig Ted: 
Substituting this result — (2) 


^, RT [dy AE à | kn RT| dyd intz  dyakp 
d yi TP Yi d Yz ›Р ү 


T 
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PROBLEM Il, 128 (Contd) 
Recalling that dy, = -dy, А 


In f, | | 2. 
n, RT [dy шап - E (Sh |+гут -dy Ll 


“lp Т 

JEEP dy |= ny [dy dnt] + ay | 
= = b y дү Mp у, 

" E 

d y, 


_ ding 
ше = | | — 
5p | d- | 





= 3 — 
тр 5d. 

















| p yz 
ү = й: => fu Ln 
1 y: 
— n, p 3 +n = dab + 4 
"^ Pod 
a [aet] «+в 
E E Tp | E Tp 


Dividing through by 4 gives the desired relation, 


Ез рл 
OY, " Jy, - 


КР 


“Ths expressio. iS of par f exta c Value in инле gung 
the number of experimentat data necessary c 


Evaluate. thea properhes of ©. зу SH ил and fe 
detecting сл селѕг г teat ог erroneous measurements. 
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CHAPTER TWELVE 


IDEAL GAS 
MIXTURE AND 
PSYCHROMETRIC 
APPLICATIONS 


PROBLEM 14, | 


KNOWN; The problem concerns œ mixture of two gases. 
F/D: Deternune la) When Fhe analysis in terms mare РЕ СИРРИ сед 
ра denhet Co the analysrs ra terms 
tie Apparent weole colar 


ило le frac honc, Се) whea 

weight ton mixture would 
CGgval the average |, de исо (е со lar weit hts “i T gases. 
ANALYSIS: 


la) Using C4. 12,3 








м1 = — ) mfz = ma 
wi Vv 
ana Є 45, 12.1.6 
с, m | М, Yn i mM, 
Ў | n D үл, мл 2, i m mi mz 
4 — + —= 
M, M. M. Mr 
Yo, ae Me 
CUT 
d =. Nes 
— | me м. 
M | Mu 
Fov У; = mf | ) the yer их ux brackets most 


„е 4 we i ола tw “That i 5, 
мла m2 Е piu, + Me => Mma = Me = M = Ma ——— ——— 
D Ma M, Mz 


MI M, 
A c eor dun d ly з b y: = mfi, Уз = и fz, (t US FE COT anos Ёл M, =. I, 
(и) Using Єз: (2. PAS M, y, My. 


Then, since = У-у» 
E M = (М-М, | + M» 
M= M, + Clo) My - MEH ) 


| | | “Соо А lbe comer 
if M = (Mic Mz) /2 А the last ex p re $$: 


Moa ML = Yu Cmi- Ma) +M 
— 
* | {Mz 
Y (Mekal) = Met - М, 
> Mmi- Me 
{ес wr dd sy ) y, = 1 ; in Som, ах Mz (M, 4 M2 )/, ‚ Ais دسر مہ‎ += the 
wole frvachons № Bu ў vat o^ и = у = A. 


PROBLE M 12.2” 


KNOWN: THe molar analysis of a gas wiviure is specified. 
Find: Determine the analysis tn termes of wast? fractions, the pertral pressure 


of each Component, and the Volume oecupred hy © K9 of miviure. 
SCHEMATIC >? GIVEN DATA: 
سے‎ — — — — — — 


30°C, 2. bar 
10 leg 





ASSUMPTIONS (The overall miryture acts as an «deal gas. (2) Each wiy ture 


Cow ponent behaves as if it were an «deal Gas occupying the enhre volume 
at the "Hare temperature. (3) Calculations are based on ikmol of mixture in partia), 


ANALYSIS (A) Considering a dqprcet | mol of mixture 





lb) With Eq. 12.12 
Prue = je OH ? = (0-4) v ьол) = 0.6 bar 


Pron = و‎ е = (OTM Thar) = LOS oe 
о = (01) (Vas) = 0. thar 


"— 666 


YT dco. 


б) With the ideal gas equation of State applied te the Overall miyture, 


m (RIM) T 


V = 
Р 
@мч Nem 
(10 ку) (seer px )( 303K) = $0108 m3 — G (&) 
toe 105 N/m> 
{. The apparent molecuiar werahd of +he wmixdure FS obtarcned in the 


Calculations of part (a). Eqvivalentiy 5 Eq.12.9 can be used: М= 5 у, M; 


М = уь, Мю, t Yoo, Meo, + Ча M сач 
x (0.4)(29,0с) + (0.5) 44.00) + (Ot) (Ue) = 39, 803 A 


12,72. 


PROBLEM qe 


of a gas mixture (5 speerfred. 
of mass Frachiens , the partral pressure of each 
Mix tere. 


KNOWN: The wmolar analy sis 
FIND: Deljerwe гие, the analysis mn terms 
Component, the volume eccupred hy {O ln of 


SCHEMATIC É GIVEN DATA: 
* 





oO? 
Lo (6 со, | 0.55 
06, | 0.45 
ASSUMPTIONS. (C) The overall mextdure acts as an ideal Jas. C2) Erech miryfure 


Component behaves as rf t Were an deal gas Occupying the entire volume at 
the mixture temperature. (2) Calevlatvons are based xm tlbmol of iy bare in partia) . 


ANALYSIS: (a) Considering a +ypreal i lbmel of miyture 


te.) 





P= 44 Р = (0.270197) = A440 be in 
Peor Ace. P = (OSS) = SUS (Ein n 
Po, 945, P = (99) (91) = 6.645 ЊЕ 
б) Using the ideal gas equation of state 


E USS c4. thf о 
Vz м МИТ _ (10 Ib тутт. pL BE )( Sto R) 
xc cx: (41 X144 16£ / £42 


4%.50 e e css ccs we) 


> — —ÀtoÓ 


|. The apparent molecular w eight of the мл? нге is obtarned in 


the calculations of pert Ca), Equivalently, Eg. 12.9 can be used: Me 2y, M; 


Mz da Mar Jeo, Meo, + 20, Мо, 


= 


х (0.21(34 9) + (0.38) (uq.00) + (0-43) (32.00) = 31,18 2- ib — 


12.-3 


TROGLEM (2.4 


KNOWN: The molar analysis of a gas mixture vs зрее" fred. 

FAD: Determine the analyses in terms of mass Fractions, the perte pressure 
of ERUR component » the volume occupied by 50kg of miyture . 

SCHEMATIC € GIVEN DATA: 


Y, 





25°C, 0.]M E. Ni: 04 
м S0k3 Co. | 0.3 
о, | 0.1 





ASSUMPTIONS: C) The Overall mixture acts as an deal gas. (2) Gack 
mixture Component behaves os rf f4 were an ‘deal gas occupy rng the 


entire ме ot the mixture temperature, (2) Calculations are based on 1кмо! ортѓуіаге.. 
m Part (a), 


ANALYSIS: Со) Considering a preal | kmol of mixture 


(b 





0) fusos pz 0.6 (0-1MPa)= 0-06 MR. 
fea, ~. {eo p= 0.3 (0.1 MPa) = 0-03 MP 


fo: Yo, P= O°! (o.ı MPa) = 0:01 MR 


(©) Using the ideal gas equation of shte 


#814 Au 
М = ~ RT Е (Sos Y $7 ex к) 
Р (0.1 Y б N/m? ) 
= 373 we 
l. The apparent molecular Weight of the wirydure IS obtarned in 


the Calealations of part (a). Eguivalent(y , G4. 12.4 can be used: M= ту; М, 


(2-4 


PROBLEM 2.5 


KNowN: An analysis on a mass basis is s peecfred for e gas mixture. 


Determine the analysis in terms of mole frach'ons } the partial pressure of each 
Component , the 


volume occupied by Zolh of mixture. 
SCHEMATIC ⸗ GIVEN DATA: 2 
— — à — P € — 


FIND: 


40°F, a201bf/in™ 
м > 20b 





ASSUMPTIONS: (Y The overall mryture acts 


as an ideal gas. (2) Each mixture 
Cow ponent behaves as if 


х deaf LET occupying the eutryre Volume. 
at the wy hue temperature, (3) Caleu lahno are based on //b ef олу Һе in Part (2). 


ANALYSIS: Ca) 


tt were an 


Considering a Aqpvcal г lb of mrxdure 


0 





m се.) 
0.01725 = Фур 7 
(e) Re, Geo, p: ESON 20 ) = 10.004 IbF/in® 
s kd 
fto = Yeo Р = (.3277) (Ao ) = ea ate а Ce) 
~ 2442 ри 
fo, = 4o, р: (1210 28 )= 


(с) Using the 4 deal gas equation of State 
15 у Ф015 500°) 
V: ^ Е „ (eb) у ERA 


~ (46287 4 (с 
( Zo к144 lwt/ (2) 





l. The apparent molecular wersht of the mixture (s obtarned in the 
calcu lations of part (a). Equivalently, &€4.12.4 Can be used: 
M= Yeo, Meo, + Yeo Meo + Yo, Mo, 


: ( Soo2)(44.01)4 (.3277)( 33-00) *(.r727)(32) 
= 36.7 


Tha difference between Fus valve and the ma cbturued above vr. dos Ù Mun off. 
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PROBLEM 12:6 


KNOWN: An analysis On a welar basis I's Spee fred for a natvral Jas E 


ED: De lac xin e the analy SS i^ terms of maase frac h'ons Jy the parh'af 
Paescure of each Com ponent, trae west flow rate Cor € Vvolowetric 


flow rate of go ws. 


SCHEMATIC $ 6IVEN DATA: 










natura | furnace 
gos at 


23°C , — 
(av): ap wi/s 





ASSUMPTIONS: (1) The overall mixture acts at an adeal даз. (2) Gach wieture 


— be haves as E: Ф were an adeal gas cecupyrng the full volume. 
the мах һе at she wmryture temperature. (3) In part (@) , Сл (соіа ons are based 

a lkwo of Wwrktere. 

ANALYSIS: (a) Considering о. +ҷ реса! і kmol of Ware Eee: 





44.09 ; 
04 | 30.07 | — — a) 


0. 2. 16.04 


e 6.4 (ibar): 6.4 bar 


o.«4 bar ب‎ (8) 


t 


f Hg = Yes fig P 
o. 4C t bor) = 
о. V Ct bas) = 0.2 bar 


Pea ¥ = Мень P = 
Aus Ҷенч р = 


(c) Using the «dest gas equation of state , v= RT/p 


х = (АУ) 


- АҮ) р | Cowl )( о? M. to? W/w) 


(куут (Ew күз T — 24 K) 


е‏ — — يي و ن 
AS‏ 
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PROBLEM 13.7 


, — 3 > 
KNOWN: А rigid vessel whore volume ss Э m inibraty contarns a mixture of 


Me and бу ot a прес fred. pressure J temperature And molar analyses. Hehiven 
fs allowed fo flow ги urh) the pressure а си; a Specifred value. 
FIND. T£ the final tempera tre Ws 21°C , determine the mass 
Com ponent present. 
SCHEMATIC Ў GIVEN DATA: 


6 # Cath. 


М=зм? 
{г ° 
21°C) | ber ас 47^C, 2 bar 


79% Ni, { He, Nz, 6,1 
219 Oo 


initio | 


intermediate. tine \ 











ASSUMPTIONS: CI) The overall mixture acte as an ideal gas. (2) Each mixture 


Component behaves а; if ft were an гелі gas Occupying fhe entire Volume 
at the wmrvture temperature. 


ANALYSIS: Using the ideal gas equation of State, N*:w«€4RT/P. Since 


the total volume rS сом ми: Уту. 


2 
У ; R Ti > n, R Ta Ct) 
Р, Р, | 
Where | denotes the inthal total number of moles present, temperature зам 


рл иге , and 7. denotes the final tote nu lt ^ q Wo es present, femperature 
oud pressure. Feom Ес 1 


T R (2. 
Ny = ك‎ а м 
t Ta Р, { J 


Xwitatlq 


m= R = (oF Mim? )( 3 m?) = 0.1227 kmol Сик) 


— ڪڪ 


> Aww 
RT (£4 4 xm (atk) 





TA tly алд. 
The o. ^o vn t3 a Ma ound о ps cent ing h ela awa fina 4 


Qo, = de," = (©.21X0.1a>7)= 0. 0256 куке! Oz) 


| nol C^ 
(0.74 1( 0.1227) * 0.0964 ket Сг) 


> Ye, № > 
And with * M thea doe ave 1 way hade Amat s us 


м, = GEEN тыт) 227 peret): 0. 2Чоу Kuol Сиа) 
300 к. 





Then, fine nN = Ио, + Nw, + Иң , 


"^ae = E ues 0.0258 0.0465 = O< FB te veo (1+) 
- 0.0255 ~ 0.08" 
Wy 


A nath wim wole Cu lec wegh dran Ted A- Ue qt 


Mo, = (32)(0.02$9) - 0. F286 H (02) 
My. (2z.01) (0.07649) = а. т е; 
We = (4.003 (0-178 )> 0 «ті Fe 


1271 


PROBLEM 13.98 


KNOWN: A vessel of Known Volume contains a Mixture of 0, CH4 at a зрес fred 


temperature, pressure, and molar analysis, 

көр: Determine the mass of CHa that wouid have to be added, and the mass 
of O2 that would have te ре Temeved, to produce a vryture. 
at the same temperatre and pressure, Wt with a. d : Реген? Specified molar 
analy srs. 

SCHEMATIC Y GIVEN DATA: 


У: 0.3 "d 














46°С Cu 
6.4 bar 4 
75 75 Oz 
25% Сну 
Oz 
initial intermediate final 


ASSUMPTIONS: li) The overall Mixture acts AS an ideal Jos: (2) Each mixture. Comp- 


onent behaves asif it were an ideal gas occupying the entre volume at the 
міх мге temperature . 


ANALYSIS: As чие inttral and final wiry fare? аге at the. Same. temperature. 
and pressure · and occ py tre same total volume, The tital number of 


moles present rni Wally and finally (S the Same. 


Using the deal gas 
е +оо onef state 


РУ. (exer N/mt)(0-3 è) 


Үү 2 ES aC 
n L^ 
FT qu En) (S13) 


= 0: 07957 emol(mix ture) 


Thus, the changes inthe number of moles of O, and CHe present are. 
An] оз 7 [ Ge yea - C go, Jinctral J и = [ 0.3 - 0.751 (0.0795) = - 0-6358 киз! 


. £0.70 -0.rr\ (0-05 )2 + 0. 03 58 
AnJeny = Í (Чем) клан - (Yous) гак!) и = (o 0 Y. 


“Then, with wolecular weights from Table А-1, Мо, = 3% Асиф = 16:04 


Y ل‎ — — 
Е. Ameng” + O 574 2149 


2. -8 


PROBLEM 12.9 


ICH oud: А flue gas Conta veu H2 S enters a Serubber ata spe «fied 


State and  volovae tei ftew AXE : The serumher Келде е: 412% 
(утока т Wases) " tue, Н S. 


Pi: De ley ina vt ما4‎ Ace "RS vo да W^AOw- d. 


ScazM ATi €£ GIVEM DATA: 


20,000 Vb 
&oo"F, lan 


dus 0002 


N 
"Clean ed gas 





ASSUMPTION: The control Volume shown in Ha f surecas at Steady state. 


APALTSIS: Tha volar How кимы. of +h Enei Илл Vr, ©, Can log 
Sound ao Lo tlours 


Y? Cav), _ (АХ), Р „ Qo, ооо 4h )( 4.74144 01442) 
| Ar j RT, (15 45 A ‘ef /lo mol: "EY G 6O°R) 


і 
2 41.518 lomo {Сум ne re) 
g h 





т 


Tw —» HS ener: a uan. 
CHeS) 
V = (0.00 41.7180) = 0. 0&3 Lonel 
“наѕд T (.o0r)( = 
T4 ۹2% 2 де моле d bo ho seru bb ber 


. 0&3 )= 0:0764 lone CaS) 
15,2. = (o. ar) (a % ) h 


Then wi T^ № 2 34038 fr Чч» S 


Mies) a= ©. 07644 J(3 4.08) = 2.0 — و‎ 


HS Should be removed becamer ct сом. Сом мА. wr th Wott. 


t» Loe ^ oO corrosive product a Acid rain can be Waced to fer 
pas sence 9 sulfur ul сом буг л gages. 
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PROBLEM 2.0 


KNOWN: Д control volume ox Steady state has кало entering Streaus 
and a single exihng Stream. The molar analysis — 
¢ وہ بحا‎ Stream 14 provida d. The hele fraction Й: cH 
tUe an tng Seau. if alto pvo v, dad i 


fe 


FIND: Те rwv (a) Ho wolar fow Ast oo en tying air shean , 
С») tua mass fow Ma He of Ow (A th, exiting Sieru . 

SCHFMATICS GIVEM DATA! 

= MA Ба аА ee 











ean E == 
С4%ен+ ањл) | з "C596 сна аги Arr) 


Air 
Cur 02,71% ma ) с===————=—————=! 


ASSUMPTIONS: U) The cento! volume Shawn ux La figure is at Steady 
State. (2) Air Маз Hu molar analqgirs ` 21900, | T79%OK2 | 


ANALYSIS 1 (0) For de contre volv we; a vesc rate ок аиса nea dg 

wy, tart 43 j or m = ling la,» Also, weMn. $o, “ат mio. (1) 
2, 

w baa. Ma = (0.21132) + (0.79 X27.01 ) a 28. E. 


S лал tu Аа toro Chg enters at | وف‎ uet tu Anta — к +he 
ey op Qa huren da. wolov Fow natis مہ‎ lowe 3 б, 0.04 |5 7 - 


ко lo 
Or, wit А/М 
| М wie = 0:09 Мэ ү, 
0.04 М = oos M3 => з ro Ж | (2. ) 
t M3 деў Mi 


u aaa И 
М, = 0.08 (06.04) + 0.41 (29.1487 = 27:6 

М: = Q.oy- (le 0*) + 0.95 T28-848)= 28. 108 

Azz (0:04 23.207 V 11.67) = 21. 34 ке 

PST (5:22) xx D ) xe 


Tren, SC) gives 





nac ?*1.34- Ib e? о. 937 ne 1 (аку) TU RM 
d 29-848 — — 


Со) Tha wolar [ow Asti nj O4. b^. معا‎ axi hing ote taw © 


Yo, = do, Y 3 | | 
оз аб te ry Vu Haat nt М le tee 


(1) رں‎ Woe Yor 6 tw were fee eh 4, PN Moa 2 ^04 Mo, ر‎ thus Loans 


y 02: 
mol سم‎ A q A due 


mho, = Moa ( You¥s)= Mos You (SF ) 


2 — = : 
= &2 X14 ae qom — — 


ee ee‏ ڪڪ 
I Dodero thr siki wig per ч Сна ATA An ) =E сн Cav Kal 0002),‏ 
(AX7) ) 95%‏ 
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PROBLEM 12.1 pe 


KNOWN: А gas mixture of 2 ib of Ma and 3 lb of He “сг martntarned at © 
consran* pre 52 АСЕ. 


Find: Determine Rhe mix ture Oualy $/3 in terms of mass frac trons And mele. 
Fractions › the heat transfer fes vired Чо ncrease the mix ture 
temperature from 10 te (50 °F and the change m entropy of the 
mixture for ths process. 

SCHEMATIC © GIVEN DATA: 





ASSUMPTIONS: (1) For the System shown in the ACCOM Pane тиа fig ure, charges 
м  Kine hc. and potential energy are negligo: ble. (2) The overat/ mixture. 
acts 2.5 an ideal ja Each  wiF-ure. component behaves ar гЁ rt 
were an deal as occupying -rhe entre Volume at the my ture. 
temperature. (3) The Specfie heats of the gases are constants, 


ANALTSIS: (a) The ana ysis of the mixture in terms of mass fraehons is 





Ку: ME n 
(me), = Tee = 6.40 » (mf) yes = = Orlo am 
(h) The molar analy sis of the miyture is determina ё with муз Me M, 
e - _ Q.0tt4 
"Meo тро" 0.0114 Lome Jue Ooms oau ~ 0.0876 4 
= ص‎ 


—— | Ar C 2 
^ue 4,003 01404 Ње Sue 7 06.014 e 0,1444 0430 


б) With assumphon | an energy balance reduces to AU: @-W where 
we {fpdVe pay. Thus, 
Qz А77 + p AV e -U )4 p(Vi-Vi)= Gusev )- CU +ру) = Att 


The change in enthalpy of the wixture is the sum of the enthalpy changes of the 
Co ve ponents? 
AH = ny, Ahn, + mM ue Sh це. 
wth assumption 3, OW, = Ср, (Тү-Т,) and OR ц, с Cee (П-Т). Thus, with Cp data Lor Ne 
From Table A-20E ond (ее he, according toTable A-vie, Cp з (2.50009 ) = (.290 gf. /(b * (C 
Ф = (mn, сум, +м єр, це 107, -7,) = [000.248 ао Y] (eo е) 


= $372.3 Btw — — — — $ 
(d) Siwe pressure remarns constant, the entropy Change for the mixture 
vs о 
А5= м y Cp خر مما‎ -R я) = mep سد‎ TAT 
where Сре mn см 4 mge Cp, ue )/ = Соче) Gute) ] (5 = 0:892, BL (° 


Thus 





_ : Ba), EAL = 0<3 Bue а = 
AS - (SbX 0.243 — In S30 ~ 0.545 “oR 45 
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| жє 
PROBLEM 12.12 


KNOWN: A mixture having a speafred analysis on a mass basis із Compressed 
Gd ta a catty between Specified states. 
in D> Determine the work and the Amount of entropy produced , 


SCHEMATIC T GIVEN DATA: 





Bs Баг, T= 300 kK 
= 4 bar, 7 = 500 К 





ASSUMPTIONSS (1) For the System shown in the accompany rng figure, Q =0 
and Changes in Xinekc and potenta! energy ore пез /г9г6 e. (2) The overalf 


Mixture acts aS an deal as. Each mix ture Component behaves as 
if rt Were an ideal gas occupying the entre Volume at the. 
mixture temperature, 


ANALYSIS: An energy balance reduces with assumphion | Ù% give ave gw 
he injernal energ y chang € of the mixture , SV, egvals the Sem г { the 
internal energy Changes of the Cow ponen t. Thus) on o. unit mass of miyture 
basis 


- N = (т), AUN, + («4£ ) о. AUco, + (mf), 24a, 
With data from “the «des gas tables and млое сл (олг огол КДЕ fran Table An! 


2? USS7A ~ (0434 du C 10019 — UUL 
W چ ده‎ Q icacent] coal Зза RUM] «ou ез 


RE ы tq. 


W = ~ (44.924 54.82 -404q) = — 195.715 kkg 
wih. wm: 2 E3 


“Than, 
"wr 2-241406 £3 Ww 


Тл dus calculation , the relahonship дит 4U/M vs used for each of the three Components, 


An € ^ tvop ro. te balance reduces Of follows 
t 


о 
AS: | Сет © 48 
The ел мору change of the mixture, AS, eqvals the tum of the entropy Changes of 
he cow ponent: 


AS: (AS) N, * (A Sce, + (A5), => 25 s бк, (Fe), rea. CIR, et), GF), 


Where each of the AS terms vs determined using E4. 12.36. Thus,with S? date 


m 20,630 ~ ALLEL- € MH ТАЧ 4 -213 45-318 (9,7 220. a= LUO. LOS. TUS ~ C3 Wy 
2 ee POM чы e 


= (0.05005 + 6.08514 40.0460) 


= 0.15794 “IIK 
<3 





k £c 
єз 








a * — uai ج‎ S ———— — — ПОСЕБ аА 


PReBLEM ia. RB 





Ktsoun: A Spe c: fred wuy hure is compressed isothor | 
Е (клу Deæder иг (о | th woele, (6) عا‎ heat tran: f^, 0—54 Cc) Ala amount 
of entropy produced ] fw ев с г dee с elces fov Oa. bovn oar 
SCHEMATIC T GIUTN DATA: У 
System H| Sy Sten 2- 
, . Tp 7 Sup? - m vs 
ATE 0.6 lIbmel “Т = looc9R “Uf 
MEM MINE O. 4 lomo] Rs latm \ 
To z!60o*f- за N 





ASSUMPTIONS: (1) For he system Shown in the accowp any гид figure 


Kinehe and potential energy are negligible. (2) The overal! 
AS an deal gas. 


4 Changes in 


Mixture acta 
Eack wrydure Component behaves as if it were an 


idea | gas occupying the entre volume at the miyfure temperature, 
(3) The imme dra te Surroundings experience no net Change in State. 


(A) Ta Ѕуглем Г, heat Фау Occurs at Th looo R. A SYS феил He, Ка + trans fr 
occurs at Th = SMOR. 


At AUTSIS: la) Cb). wit asstuwphan li) , an energy balance Ag duces фо give 


AT: а-у, where AT is jhe change ‘м inttrnal 


€nav$y of the mix pure. 
Siwe Fhe overall 


au deal gas OO beuuoe te 
Change. “Thus, С) =. ХГ. The work r$ mo“ 


may PAPE Acts as 
Илк Hare temper a jare doer not 


t 
- lj Q 
We: Jpsv af nT dvs nRT м 
t | v у 


Wire VWs n RT/p and T2172 


WwW RT In BY „+ 0.4) lomo |1545 {4-4 © Biu. 
an RC (co + 0.4) lom y BK кім 3) 


2211.7 Bie — N 
(€) An en мору beatance for the System Fl takes the form 
“т Р 
RED | 
where OS is зме Sum of the entropy Chan gest of fhe mix hure Som ponents: 
AS? ww, LIAR- TT) - RD + no (E*C)-$ Gm) -Rin E) zn RIS 0) 


Р, 
$0 since T 2% zo tinte Т 27, 


А5 = 9. + >› om: 45 - @ = AS + и ЁЛ А (1) 
b 


g^ 
Тее Ку Teu; inte Ба. (1) 4:ves Tso. "That rs the Process is и емма re vers; ble, سه‎ 


Taking an enlarged sys he m that includes the mux hive and 


enough of (4-5 iwmmedsdate оки оми dings зо that heat trans fer occurs at Th = 500; 
on ел мору halante takes the fern 2 


о 
_ Q y 
AS + 281.47 + 
8 ed CR 


where SI^ wu acesunts for the enivony produced in the enlarged System and 
DS Ум vanishes hu assumphion 3. "TAM, with Eq. (2) and ФУМ ми ЁТ In Pip, 


с O38 - @ = n RASA _ m 
| Te i rs | L * — — | 
>. Of $-4]>- ser в | cras - |= ер 
Ta Mus case ew py US pre wad мд the imme eae Surroundings 


omg Ho heat dran seo Franti wuy hs ar (000%? the Surroundings at WE. 
Tus ts an exdeyvce A i re уам h ty Gv cys teu, ® |, 
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PROBLEM 18.14 


KNOWN: А spec (гед mixture of Од and Ar is 


Compressed — beduoeen two 
Spee fied States. 


Fixed: Determine if the process Can be adrabathe. 





SCHEMATIC T GIVEN DATA: 
SCHEMATIC Т GIVEN DATA 


P= 20 lbf/'n? Pa = 80 17/7, ® 
T": 80°F: т = 2409 = 
546R Zeon 





ASSUMPTIONS: Ct) The overall mryture acts AS an ideal 9а5. (2) Саси 
miy hare COwmponent behaves as "Ё it were an idea! gas 


occupying the. 
entre Volume at the mixture temperature, 


ANAETSIS: Since W is not Specified and Cannot be determined fron 
the given data, an energy balante Cannot be invoked te determine 


tf heat trans fer occurs. However , "f the procers were л (ла лс 
an «Кору Balance Would give 


= и tro h имо? 
252279) Ct = AS =O = (the en py change cannot) 


е we4o. Hve. 


where AS is the entropy change of The mixture: the Sum of the 
en tony Changes of the Component. THaLt is 


AS < No, (285 00, t Mar (As), 
Sinca Ar 5 ہم‎ bb c mona un'e 9 مه‎ Tate ۸-216 wd; cat Cp ar -SAR, So 


~ ~ O ~ ce “le 2 xi 
AS- Nor È 5 бъ) -%,(1,)- RL 7 + View| Spaar be =. R La A] 


= moz ГУЯ 
Mo, Man 


w haana е to olo tune ¢ — TH А-6 . Ta wr Ais Te $ ر‎ Lote A0. 

бе 5 * a 
tt wele £v «ch омо Canak u. Ea qe Log Jerma : م‎ ratio 2р perte 
(A+ 334 2.4 оо. 16 fre patho 1 ула bene مص‎ 3309 . 


Tr See ties Watts 


= £e \ 56. + 
AS I3 lomat )( 50.858- H0?! ~ 1.986 2 20 libet: IR 
32. 


(eee 52-0 - & BT 


—0.0783 ) Е 
= (- 0.1482. —0 ) e 


= — p.216 Bh R 
' ,)اول ' ہل‎ Dera о + 
As OS ما‎ recae ما ر‎ ee s егу a c 
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PROBLEM 12-157 


о. COmpressop Optra ting 


KNOWN: A wmivdure with a Specr fred molar analysis enters 
at Stead у State at a speehied mass flow rate and state and exrt 
at € specified temperature and veloce ty, The rate of heat transfer 
from the Compressor to idi Surroundings i alse | specrfied 
Егор: (a) Deternune tha power input to the Cb m pressor . Ce) Tf the Compress Ои 
were poly opre ) Уа о д е the poly fr oor exponent п and the ert presjure, 


SCHEMATIC T GIVEN DATA! 
(D Q«cv20.S Wey 
P 





Tis 37°C > 237°C 

P, = (bar V2 s ЗОомі< | 
М: 40 "S. 

mail 9/5 

1 y 


ASSUMPTIONS: (I) The compressor operates at Steady state (UFolenhal energy effect 
are neg 1.9, die. (3) The mixture adheres te the idea li» аћ'оис of +ке Da tHon model. 


4) The уту Алге Compost on fewaaing const anj. 
ANALYSIS: (а) At steady State, mass and energy rate balances reduce to give. 
* t ` 
Wev = Qey + ni- ha + б> 
Y^ "^ — 
Since Wey = 0.5 Wey ر‎ thas tcov 














a 2 2. 
о.95 Wey. hha» ҮМ с) 
Ww T- 
Tn tht equation Ch, - -".) represents o. change in the рее, {фу с. enthalpy of 
the mixture, per vnit of mass of mixire. This can be evaluated as follows 
Sk І = > ~ n 
Wi- he = - — = a Yco, ( hı - haeo, + (co hı-h 2z) co + do. Cc ha), | 
where M cs the mixture mole cular useight 
M= фо, Meo, + Yoo Meo + Yo, Mo, х 05(44.01)+ 0.333( 28.01) + 0.167 (32) =36.68 
With data Fron the ! doo? gas tables 
| 
hı- ha = ———— | 0.5 KmetCcos) (4807- 18126 E + 0.333 (4014-14898 ` y 
|i Ae 3649 kam) mel (cea) ( * @) ( ) + 0.17 (9030 15 082) 
Кто Cnt > 
-2194.37 k3/kgtwiy) 
Subsh bv Hrs vaines into Ba) | 
| id [(4omis) - dae? (med) I CA sala -144.0 KI 
0.45 =o > )-4 E jv) 2. 3 [jg A Fg x 
o.35 «3lr5 
or J W 
` ‚ 23 V [ya Ox) cv 
ууу - 204 
— ™ 
"= constant , the work aa o 0t d Co 0 oA 


(hv TF d^ pears adheres to ps 
be ee vt^ b4 Eq. b. Sta ^ 

Му = -nR (T-T: ) => n- — Ё(Т;-Т, 
"m Т A-1 v (-Wev/m) 
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PROBLEM 12.17 Солі.) 


Taser ~ учел V ainda 
nc! = (8314/3668) (200) 5. n= 12857 a“ 
ĝi 204.23 
Than, wi th E4- 3-56 
Р. Ta. Syene) = = ( 9 
А63 PR LUT 
w jw n > 1.2 8 5 | [сө -1) 
A  —— —— — —— — — —— 
P. = ( bar) Siok = 2.4 lo ar Р. 
310K. 


J. Sina a power ги put vo regu) red Wey takes om о 
nega ve Value. Thus, лл. peli aN preter ey ал : 
nena kyo) wcd BD мл ecceod with a Aat loss during fio 


сомо $$! Ил . 
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PROBLEM 12.16 


KNOWN : : A waay har e et Ha and һә, is Com pressed in a Poly tropic Process, 
EID: Det$ernuna 462 heat transfer and en tropy Change, 
SCHEMATIC € GVE N DATA! 








pu: const. jnt 
> 22°С, Т. 2 150 © 





a 


ASSUMPTIONS: U) The System fs Sherin ia the f sure above, (2) For ta 
Es +6 Conposi hon (evening conttunt and Kine fic/poten fet Cartes, 

effec ts are леди гае, (2) Zach Cowponent lee kares arif cf weve an ideal 
gas occupying {а euhve veleme at th veto. Fro tempera Love. The ovvall 
mix hure acts as AN ideok gar. £3) dé C O epa ? fion obey f poa 


солам. С Spec: е hesh are contant at the Wear deo. pera kope 
ANALTSISS An energy balance леФосег te Jive Q=DU+W, where 


2. — 
WN = J рач - va CR/M Cn - 1.) 


) ۸ 


— dons ex pression Y^ = a + 4 = G kg and I io given ды з,М(—<9, Mz, قاری‎ 


2 | = А ES 34 2.015) + (0,i26)(2%.01) 
: ر‎ = —-0 99 | киі y, 2 6.441 - 0. 874 M- 6. 874 )( 
un j 2.05 => Yi 1484 = 








N, > Р - 4 = D. I4 3 kmol Ja = ~, 9742 0.126 = 5.2.9 
5 оўо 
“Then, | 
wo С E E (28 o- 4a)? - 60384 KJ — 


— — — 
y - NX илә Cy ; Ту - 1 
Ta faa — сә, te AU= wm, Cv (7-7) + ina Cua lh 7) М 0m 9 
evalua е4 Pous Ta b@eA-26 39K: Cu s OTAS KT] KK, 
wi Cy 


— > So2[. | J 
(2.2) (3) (128 kìz (23. 602 YC 128) - S3o2[.l E 
| 4 


СЛ еке Awe Cy 4-5 are 
суз = 10.31 K3/k5 K. Then 


Aw: ((4)Co-745) + 
Collec"; (e sulte, Q= «77+ МГ = Sol! $ (- (2035.1) = — 30i kj -—————— Q 


To fnd AS ceo 02 ine С 45. (3. vc), CC. 22-) +o dU UR 


Av bee Eng [erf RAG 


i 


] 


x 
= 


~ Lev = iad 


AI 


M 


— fi 


T (Є гуз (P — E h. 422 


(02 - 


Wd еке g Rin Lt. 12 


u 


425. 
-GD 3134 - 7.858] “ae AS 


— 8.485 Yk ===. 


H 
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کله 
PROBLEM 12,107‏ 


KNOWN S A Specified TA CX de е expands through a tepnwine for 
Steady ei ope ca fas d ә. te. 
FIND? 


Co be б. 
are provided. 

Deternuune tha peer d ә veloped. 
SCHEMATIC E GIVEN DATA: 







Miytuve + [0% со / (470.0, 117, ML 


Tz Taek ! 


P, = 0.35 40А | 
j hn n 
(NI) = 


3.2 w^ /$ 


| т 2 390 1< 


Py = 0. (( M Ра 


ASSUMPTIONS: U) The con bol Volume. shown 
stote. (2) POY {he contol 


in the sare IC al stead 
Volume Qey =O and ki he/ poteahal energy — 
ore negligible, (3) The nugture adheres 
node | and tha composi hon Cenni 


Фо феа idealipahons of tex Dalton 
coustant. 
АРАТ: Reducing Macs and energy balances al Sten ds ste fe 
W 


qo EA Ws] = еы -h> | = ет 
КА 


dco; Ch, -h — مي ل‎ ihe ag t Yp, Un ts E 
mik Mute 
And _ 


| | u 
"C Tm C Gy D Wu gu Hn ET (un 
"V R Jm YT Es 





“Then, wh dacta б л the i deog 4 4o a bles 


۴ | {e ¥ 
Wey: 0 точо (29, t - 1% SSL) +0. (4 (244849 7 (2,6 7) + 0.71 (24 220 -toss)| - | 


{kw 
(kT/S 
= 20714, kW 
Wey 
س‎ 
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= 
PROBLEM 13.08 
Е № ош Ч“. 
CX. 
De سنہ پعل‎ ne ناا‎ ммм: flow a ic. 


=e per ا‎ 4, entering rot 9 45, 
SCHEMATIC б (Уро DATA! 


Operating data are provided for a оазе - лоор boiler operating 
at Siea 
P (иот ~. fs tHe s t£ а enera Ñd, и 








waste -hent iler 







Hot 905 , V gas 


= 
R= (S00 K | ie (соок 
{10 Cz, 2o00, 
70% Neg 
. e Np, TTE. 
د‎ aser |2 etus 


«^v ъ5 bap: 
ASSUMPTIONS! U) The cm tol Volum Shown uz Tta. Fig ere ف‎ at Stade, 
Stoke. (2) Frew Volvwo, Gea О Меси 20, and [Сма Кс (отед aa 


energy ffe are иеде. (3) The tu tying and егиу Gas ИА Натег аля 


AMAL TS S: Ww dA thy indy eu Xx d UTILE tthe voit and Cuergy rate 
lo alancas Ла dui ce tv read 


O cw Mu] + gos | Yeo, | Кеө, CB) - к coa (7) ) + 4 ro ( hult) - оста) 


m + d ue (Re (Ty) - ۸ мъ (чу) l 
gas —X 


Ре 
With dato. fran Tete A-23 far the م‎ umara tr Dn Qro Tbt А-3 f the Ҷо now ha 











Vn o. ( 1,01€ - 221180] + 0,ъ[51,444- 20,402 1+ 0.141,01 > 1,50%} ес) 
"gas j BULO 37, (steam) 

" K (cien) M m و‎ TREE — — 

= (7.40 Ge 
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PROGLEM 12.19 


К^ ош ыс Aw equimolar a 
Nnn a зрее fred in let 


He and Со, Cx pauds i&u Ü 
Dedtere ne. d^» ex, 


T. Ga speafred Cyt {ег шла, 
€ Eupera ture and шаш: 


Fı MO: 








SCHEMATIC ? GIU 2A). DATA! 


| 
T, = 260°F Xe, pp 
P, = Satm 


T -La 223.24 atm 
Vi 1004/5 | 


ASSUMPTIONS: (I) The w*53le operates at Steady state and the ex panson PS ien- 
Форес. (2) Podenhal є „егу effects are nes /, 3 ble. (2) The waxjure adheres do 
the idealsyahons of the Dalton model and the 


AWVMALTSIS' Since He c ona {®млл`сС. , Table А-2. 
d" орет АРЕ: 





Compos Hon lemarine Constant. 

givet TH He = 5/2 R ) indepen dev 

The expansion iS isen Noprc. Thue 34-S,=0. This can ре expressed os 
Yne C5s- $n t Yeo, ($.-3,)eo, = о 

or 


— = 20 =o m " 
dne [ Cp june In ш z R lu fle Yeo, ( Seo, T) - $ o, C 0 ls RL. R ] e 
Sovins 


© i | 
wh = due Cp He 1. 3 + qc0; ( Seo, (h)- 56, (%1)) 
P, 5 





Wah data Te. Table A- 23Е ak T, = 720° 


Mas. os ] مھ‎ з Маш 978, | 
‚© + 710 1.4۹ v6 


(D “Thats v о. fan £4 va ho Wi cw 


dada gives T, =640°R 






vn Iesum, T2 . боону Mevatively using Table 


Reduction of mass and Energy rate balances at Steady State 
result и 


O = f, = yeu + (hem = * 44%) 


— — 2 
Ма-и; a (у-% = о =› ho-hi ae (М-М, ) = О 
— M p 

where 


M is the м.ү лге molecular wersht : М = Уне Мне t Yco, Meo, 224,01 ) and 


Was -hi т Чне Cho-t he + Yeo, (hhe) со, = dee Сре С%-1,) + Yoo, (hah teo, 


оф рне IAR wh h fw Cor fr. Tee. А-23Ё 








4% jJ 84. E Coo ft] T En 
O= (.ғ) (Cala 640-720] t C 4879 SY [ —Á o jpeihege 
24-0 P 














Sola ر‎ Ea пон << — —— ç — 


l. An itevatwe solution using table data can be avoided Uta LT, The results 
for Tz and V, obtained using IT agree with the values given here. 
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PROBLEM 12.20 


k мосом C An ggu. molar — x ture of le aad Ar expand’ adaa bah call Through 
a turbine for Gba h < lead State аресту data are лоб. 
Ferd Ў Delermune +he Power deve toped, in Bh per 1b of imi x Fore flows ng, 


ScHsMATIC & GIVEN DATA. 


| | Mixture: (eH | Ar: A) % = 7A 20.5 





.2 : 
T,=2340°F | | RP, = a‏ 
EE‏ | | 
تک کے ت در ے 


ASSUMPTIONS: (i) The Coa tv e VY olume Shores one vates at, Steady State. 
(2) Ror the contol Volum €, босу and Kine hc / poteaha'! есле е9 и *Jfecf1 


are кеи AL (3) The. petite арн dede idealki ak Кен of the 


Da ton mode Í and the COmpest f on ие mains constant . 

e i J 
AWALT fS: — tha as ES turbine Соу Р We, у, DX (Weld) а 
А ссек dinsla tre Value (V col w. eae "en req еі. c ne Vag уш and 


— loe lancer at $ м сБ 
& — — چ م‎ | | | — 2 
( Mew = hi- hx vu -had = Û Ун (Кее ia zt YALhi Д, | 


By reference +o Ta ble A- ДЕ i fec each ^d tlw мелла Po veu € Safes [te Qe Ar, 
Moreover) YA = YA 2 O.S. Хо, aa Soc m 


(=) Сб ЛЕ] ^ 


ил 





КА = (Mue + Mar 1» = ( 4. Cot 1- 39,94 )/2- - 9-471 & A d Тс e the eo. 


шие re 
temperature £v СА d^ isen Мор гс eK Pans On - 


Fc Dw i (eu mayae EK pansi 0л, Sa SE d d 


T KS, 


— — — == Р T ^ Ter e = 
Ya [ Sin Sala + Ye lS; «due =O =? Ja | Cpa ln — Rin г ун |. Сен (л | 7. — O 


xa US BLE | OS О 
sed Shc. iy = wb | = 6 = | 
os| ERM BR lee ee! А 
Rad ang У 
ج ما = ہر و‎ 
> i { 


э „Лы = оа tn (fog) D Bee 2 
T 
Fay, seoghlvheg values галь E95 CY 
e И (51.486 ) "od 2 Boc -1251 ° R 
са ` ,в0)[ 2-47 We | 
W wm 


- 380,05 Be 
lo 
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PRORLEM 12.2. | 


KNOWN: A gas m'ydlure with a Specified malar analysis Qn ters а Compressor 
at e specrfied mass flow rate and state. and exis ata spearfied 
Pressure. The isentropic. compressor efficiency ts also Known. 

FIND: Determine the de wperature at Phe e , the power год vrred, o ^d 
the vete ef entropy producto. 

SCHEMATIC T GIVEN DATA: 










f= | bar 
12 20°C 
me 0,5 Ks 





ASSUMPTIONS: CI) The Compressor iS weil insulated and operates at Steady 
State. (2) Kiwehc and potentral energy effects can be ignored. (3) The 


miy ture ad heres to the idealiza hons of she Dalton mode | and Compos - 
iWon femains Constant. 


ANALYSIS: The temperature Ta Can be determined Using the еи морс 
Compress or e f eene ) but est the tempera ture at state 23, Ry mus? be 
Gund. Smee Sys -32 о, Eq. 12:36 can be invoiced to wr te 

(Sas -Sio + $ace fa) Na = 50 EL Rink 5°. < n Bink 20 
Ҹо, \ Sas tjo, + Yu, (Sas 1) 2 Yor ( s- ae "$t Yuval 525-51 - Ё +. Jus 
Accordingly , with €? dada brow the богй ge doses 

-— -~ t = Е 
Чо, Eis Jo, = Yn, (S25) = Чә, (5 Je. + gu (ST) + Rin t 


| 
(0.6) (204. £24) + (0.401 90.998) + #.314 d 5.4 = ш е7 
©) Solving iteratively using table daka, T,,= 410K. 


In accord with listed assumptions, the itenfeoprc compressor ef fi'econcy 


53 


i MS 
" Е m { 
* ha - №, 
Tha 
a.R EZ < Yon Once. + мери hii , 0:0 (03842-1531) + 04013635 - FSH) 
We We | 0.78 
= 63306 RI/Khua і 


Accordingly 


Joa ( ha-hi dog + Wer, ) طط‎ = 6734 Ijen’ 


Ҹо lhs og + uu, U^ ae 2 Yoa G i)o, € Ym hda, + 63 36 


= (oe 9533) 4 (0.4 Y 8520) + 67307 15,264 KI | red 


Solving, Tr = S20R( 247°C) eee | 
The Power required is 
W, 2-9 ( hache) 2em ( hs -h, ) 
M. 


Where M is the Min hure molecular we vs hi. Mz Yo. Mo, + pi Mp, = (9.6 )32)« (0-410801) 
= 30.4. There fore 
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PROBLEM 12.21 (Coe'd. \ 


) a - (osea V CF3 Keel re] l= -10.86W mM 
“ет te Ti Y $0.4 кә | Emel tc | We 


Mass and enivep4 rate balances reduce ad Steady state +o 
н к EM о А 
О» MS x M (51-51) + Tey 
T 
Twas 
Фут мА ( S2 ~8, ) 


| — | (Sa-Sidon + 9м(®,-%, No 


With s? data fy aw 70.4.0. А-2 5 


Gn. lo.s єз) 0.6 (2412 ~ 204 S24)+ 0.4(207 792- 190.999) - 9.34 4n $.4 |[ єт ) Lı KW 
“ОВ Been eg | (7| 
= 0.6505 KW. Tey 





1. An itevative solutium with fable data can he avoided b using IT. The resuts 
for 7.5, Tr, Wev , and Gc, Obbarued us td IT agree wih eh wr B qe hore | 
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PROBLEM 12.22 


KNOWN A Specified VAAN tare e v pands through A Vezle for Whe ls Steady 
State operahng data are Provided. 


Fı KID ° Determine the sen trepic vViezzle e { Grae A Cy. 


e 





Sec MATIC & GIVEN DATA: 
a eee nek _ Se ——— — — 
M ( М 4 реи } -£ = E o 
IX hare ето 0,80 "fro, 0 


— | c Zi 
i= 1000 EL — 
| B [m (00 alpe = [s 


| : | | V; = 900 м |х 


4 
| 
| 


ASSUMP TIONS | U) The Con hol voivme shewn in the figure 6S at steady 
State, (2) For the Con Wai Veluwe, Qey =O and poten fia | energy effects are 
Ж (à) The mixture adheres +o +he гФед 1, раћ олт of fhe Dalton medel 
and he Compe Si how {е maint cons fant. 





eo \ 
Awa TIS: By de Ds hon of (ейи һү. с ичо эз (е efh eren ر‎ Nu, ste - Wa 2002 ) = 
КЕЛУШ where Мс i + مہا‎ ext ve loc for an (jeu hey (C ex Pah tion. 
келек mass aud О rake bhalauces at steady s fan fe 
2. 





E ы ToC mo S Es g 

Ve Мү pos = X a [ MA [hires Jo, * С! и, hasJea | Ct) 
Wee geom L SUTTON T Mco. 
2 2. M 2, і со, 


| А ten fre? 0 Q^ pa n SIT 
where Va, devoret he entha\py at the ем, fer an Len Туту? icc 


Comms: dor кол, S жы Std = © => ша LS; -5,5] Ma * MT op. 1S Suc cez. =O 


Sns) - ST) – t^ Fir, oa f т>) ST) - А16 BIO > O 
0.6 ie ا‎ —— 
M v, M. Mee. 


Orc 





Mo tn date fe oma “table A-23 


— — 235 а 
314 ADS] + O12 | Ж. (Tas) - 269.215 45.31€ £^ | — 


o.$ ( WETS) 228 01 t$ 


4 4.0l 
2- 8. oi 
| pee Sco, 25) oa 
0.6 [ SLC) = 20304 „ О. 2. | 24.01 
28.01 


| | о э Table А-2 3 Ti. 2 GibS K. 
(0) Solving Тела Ке озм S dede fren sime Acc 9) = 


| . — cedo 
Re Бел to & 4.) and VSing h dat. Kea. ta bi -& 3 











е ) Е \ lo Мм Еа 
764 — (26 3 a — 
Vas _ Guan | o6 sons - 17,909 ) ې‎ 0 ( 42, dad 2e, е) T IN 
— 2- 28.01 44.0 | | 
= 2:5) J+ 439,0» ('Q) © vg = 4377 mls 
FRnally 
| "M 190. yt 6.42 ( 4294 ) C — 
Ме: GEY е. 


і. Aw Chevatwe Solutim wir table data can be мде by ч Sing IT. The result for 


Norze Obtained using tT agrees with the value gwen heve. 
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PROBLEM 12.23 


KNOWN: А mixture with a specified molar analysis enters a Compressor operating at ` 
Steady state at a specified mass flow rate and State and 
exits at a Брес, [тес temperature and pressure. 

Eb. Determine the power required, the fsentropre compressor effrc'ency, 
and the rate of exergy ео с ол. 

SCHEMATIC Т GIVEN DATA 





1 2. T 
— — 
R= laar P2= Soar 
= 30 5 С. 
T= зо С Д0 R=147 
м1 к9 тыс 300K 
5 


ASSUMPTIONS: (1) The Compressor rs well intulated and operates at Steady state. 
б) Kinetic and potential energy effects Can be ignored. (3) The mrgetwre adheres 
to the ‘dealt pa hons of the Dalton model and ле Compos hon re mains 
constant. (4) For the environment , To = 200K. 

ANALYSIS: Redveton of the mass and energy rate balances at Steady state gives 


We = Ww Lh,- hJ = oW | Yne Chim hay, + fe Talons | 
| M 


where M is the mixture wolewlar weight: M= Yu, Мм, + eo, Meo, = 0.6 (28.01) 4 0. 4(44.01) 


= 34-41 Then, vith data from Table A-23 
we: (i eg is) о (#103 - 12225) + 6-N (45438 - 142% ) | «Ww --i/3.2 KM -«— We, 

с рв | TSH 
To determine tue бем морс compressor efficiency Vequires the power for an 


34.41 
бем opie Comprettion from state | 1% the pressure p, — that (5; from 1 to State 2S. 
For this paocess, Sa-5, = О. Or 





Yel $.s- 3 du, + Э.С -5i Jeo, =O 2> Yua L B25 -57 RR a, * Ycorl Sas - 3; - Kin Pe E O 
Then, with data from Table: A-23 P 
du. Basu, + Yeor Сс) со, = (0.6 Y( 191-969) + (0.4)(214.254) + BUY 5 = 210.029 ЫЫ. — 
(1) Solving thas еол ом by. iteration with table data ; Tzs 2393K. Accordingly 


(We), = v Chi- ins) | зеш e Se ы) | 
M 


at‏ ی ر 
+ 


The iseatropte Compressor efficiency is then 


n 


li 


м Сме); _ (- 42.85) _ i 172 
Ae E Capp TORT (7%) —— A 


T he 0 1 Ay y dovucha can be "Fouad VIR E.) = Toy, urba 
£v 5 the مہ‎ y tu by ope produc h m abtruined Av wr nn em hoyi Ar lo alance 
| | J 
Which Asdw css at S cosi chA «t Fut NAI 
о 


0 = э. +&($(-$) Tey 227 еу = (Sas ) 
i ل‎ 
= » З Yu Cs. — + dco (s -$ Yeo 
> Gis S MA [ 2, 2 Y 2 2 l 1 


12-25 


PROBLEM {2:23 l Contd. ) 
Tue terms 5-3), and l $.4-$,)eo. are evaluated using Eq. 12.36, so 


ымыы ы A et oder 
M 


: 4 Yna ( $9 08) - SO) + Sco, (50, C8) - 59,01) - Ê In m 


ду є Уюл. ( Sy Кт.) - oy, C) ~ R In Ee) + Yor ( Seo, (Ts) - Sco, 00) - 8 ln R/p | 


м. 


“Then with s? data. from Table. А - 2.5 


£- (es 0.6 (201.499 - 141.464) + 0.4.(227.258—214.284)-¢.3¥ £43 Tex | ew 
ev = (109), | Е Ет 
34.4] KKH 1 «o/s 





= 0.0516 KW. [IK 
Mulk piging thas hy To 
2 


© Eve Torey - (зоо) (о. отто KY ) = IS. 48 МЈ ج ج ج ي‎ 


l. An iterative solution Using table date can be avoided by Ung IT, The results foc We j 
Tzs, he, aud Eq obtuùed usıkhg IT agree with the values gwen heve, 


2. when емүла 55е n & percen +» к of that Power Сайы} to tee Сорла o 
% Сасна: Cer peel тт 
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PROBLEM 12.24 


KNOWN: An equimolar mixture of Ne and CO, enters a heat exchanger «t e Known 
temperature and precrure and exits with мо change in Compes'tion at e. Риши 
tempera tere and prerture, 

FIND: 


Determine +he rate af heat transfer to the mixture per Ibmel of mixture 
How ng uting (e) adeal gas имле hare perneapler , C^) the generalized enthalpy 
chart together with Соух Pale. 


SCHEMATIC Т GIVEN DATA: 


ы. ñ —ñ — e 
ФА 


oreo ا‎ 








Ti 4208 


Tz = 70°R 
P = Sto lbt/in™ 


aa a m — 4 Р, z Soo lef/ia® 





1 
© 


ASSUMPTIONS: Ct) For чке control volume Shown cn the ALLO кер an ij cng figure. 
Ww 20 end kinette and pete«Nal energy effects are ne ligi ble. (e) The Control 
Volume is at steady State. (3) The Covwpos hon of the wixture "емди 


Constant. (4) Tr part (0), the mixture adheres To the Dalton model, (5) Ia Part Q) , 
Key's rule e«ppl'es. 


МАС AF steady state, mags te balances reduce to give 
ANALYSE: Y e 2 ss and energy го 9 


© 
O= Qw- COLLE Py D Qey = & Ch-h) 


OY, When expressed im terms of the molar flow rate of the wiyfure 


Qey = RC) 2 Qe ے‎ hah, C) 
А 
Co.) When the denl 9% лген prvaciples of Cep ‘I2 are used, the. change 
се Spec fre enthalpy of- the miyture can be expressed in terme of the 
enthet y Changes of +he Components evaluated at the tulet aud git te mw peratares: 
кы = du, С тъ) ha Cn AR: ‘tea Chee, Ст) = hes Cr.) 
۸ 
Witi daka fee wa Table. A-23 


Феу x o. « [ ©643.!- 2916.1 J + o.s [2243.8 - 3035.7] = 44 92.6 Bh / [bug 1. ——— ta) 
М 


(o) T^ voking E4. u.s for the wiv ture: 


& 7 = T 
~e tA + К-у | h -7 ) &) 
— he = К, = RT | ( È Te 3 





VA mm ڪڪ‎ a a 


The underlined term is the enthalpy Change fur the wayture ема од ей га part (4) 
AST AS adeat gas my duce principles. The Ae ило in'n 4 terms Can be ем (иа фе frou 
күче A-« Using “Te and Pe for 46e MWiyfkure ce (cota ded vra Kays rule: 


Te = du, Се), х Yeo, СТ) со, 205227 P + S48°R) = 38697 
= чм, Peery < Фу (Pe) ео, = 0 FH Fate + 12448)2 SI-L ate 


“Thus . 460. Po, = Q = [800 AT). 0-6 
Ca), = = - 1.08 ) (Te), = See = 2.47 ә RÌ R} yet = t 





М — y% І | 
. P 5 = 1 
h4.A-* gives gez = 0-7, ( 5:2.) = . And fran €4.(2) we jet 


© (есе /к) = 4492 -6 Gh (owed - (1.986 ны. og ( 38&*R) (0-1 ~ 0.2) > 4984.9 Bh levet. 


|. The result A part Ch) is about 10% greater then that 4 pact (a), 
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PROBLEM 12.25 


kNowN: Naturak gas with a spec fried Compo sr fon “к compussed 
iSotherma tin ں‎ олж in Hrnek irvveveraiRilihoes fa. 6 do 20 bar. Tha. 

Compre $5 O v opera tes at Steady Sta te. 

FIND: Deine the work and heat transfe per vwt mole of nuxyhre 
fein la) Using 4 dast дао ил Parce princ lont, Co) “ис daat до Го фо. 
Peneepler wih. Jiven d 2 Те for the pure Components. 

SCHEMATIC & GIVEN DATA: 


EDAM: ч колке presa | 
Yzec | Hq [#©.3з 704.40] 10.9963 10.3275 


yzo f Kup 46.39 42913 | #3493 6.9680 





ASSUMPTIONS: U) The cente! volume operates at Sfeady sta te 
With Negligible Eia c and gro te nh مہ‎ Ф из гс chan - (2) Tha илм ture congas: him 
Yewo«4^t£ conStaat. (3) Ta part (<) Hla naw Hare adheres tu th. Da itna 
nedat. The {dear golubm moit Gplier w pet Ce), 


ANALYSIS: At Steady State, V^ AE t sand “лу rate balances reduce to give 


О + деу Were Сеа + КА ул) ج‎ Weys ау + (М- -hi) 


Mass and enivepy rate balances reduce to give 


ia I: + MG isi) ut zy Qeys M Т (5а (= А TG - $1) C) 
Comb nina thete resuits 


Wey 2 A [^ = TOS] 
or, interms of the molar Flow rate of the mixture o 


ws AL hea, тС) = We z А.-т.) (2) 


(a) When tue ideal Gas mixture prinerples of Chap, 12 ere used, the enthalpy 
Change of the mixture Vanishes since temperature remains couttant, Tha 
Spec: К< скору Change of tha mixture can be expressed in terms of the 
Specs Qe ал Мору change! of the Com ромеи H utag Є9. 12,26 $ 


0 5732 Yeug L5 = 52 - Rho Z Jeng + Jana L Sr- 82-2 Ih Ja TERM 
=o смее nye — | "6 в 
и тет 


Co Песи е results ) Eq. (1) become: 


Co. ) 


Wey = БТ!" Р. (gare £I TOL کا ت‎ ET 
T р. = Ena EL (ok) n f = - 34037 


| SEE xi. 
(h-u) = 0, (Q evi js (Waha) = SADS блв” 
(b) Using dtu ident Solum Wo det hs; ether wı th +t data above te 


21 (ое cegon eud? , Co 2 qe 
= kI 
-Wm = 0.6 Cte o4) 075.3 -704.4]|* | 0,4 (30.07) (42.34 - 434.13] | — ine] 
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PROBLEM 12.25 (Contd) 


© 3-3, = оь [ 6eo4)co 902 - 10-7295) [+ OY (Go .0F)(7.3493 -©-% 50) | = 0.83 15 
смо! ic. 


“Then, сэ, h € 4. Qo 





@ — MOT CSS) 38S- 2 4o(10-$ 3)» —3237 KI 
۸ Erk 


ond wih Eq. (1) 


S А we 
(Ser) = TUS -S)= 340(-0.83)= — B62 | 


l. Since cowgposi hm famaans Constant, this e-p(w-ooc. suffices. Sas els 533 / 04 
leading up to E4. 12-36. 


2. Comparing He AB) ААЛУ Ч petla) w tre 4 мл je 3 
(vs) ета өү 9 noe 3% үз em Hee pect Ce) Ase uth. 


Ea w part (04) ы abot 8 °/о Хо thm +e punt Ch) Ase uh. 
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PROBLEM 12.26 


KNOWN . Argon at e spee'ftied state v3 allowed to miy with Oa at o. 
specified state do achreve a Mixture at œ~ Kuown ttmpera ture. 
Find ї Ре јели е la) the Volume of each gas insha Пу (6) he Final presrure, (¢) 
oe Meat trans fer, and (d) the en Мо py change of cach Gas. 
SCHEMATIC F GIVEN DATA 


se i — 


— —— íw— N 


i 
| kg Argon | 
300k, lear | 

і 





Ty = 360K 


ASSUMPTIONS: (I) For the Sy stew Shown in she accom pany ing figure there 

is мо Change in кїнєє or poten bat thevgy between тиг Маі and 
? 

fe States. (2) Gach gas and the overall nuytuive behaves AS an ‚дел 

Gas The Dalton wie Fare model Applies. 

ANALYSIS) ба) The Volume of each tank can be determined using the 


adeal Gas equation of State together with Known in'h'«l data for each gas: 





Vir = mar R / Mar) Tar » Geg кыя. а (300K) . 0.624 „3 





ar ( го Nim? ) Var, 
E ¥314 1 ao, ) з Чо, 
No, 2 mor ( R/ Mon) To - (o. 8( 32.0 )\ = ©. | б v^ 
Por Exo") 


where Par and Pp, fepresent the імг fat pressures sf the argon aud ov уф ^, 
respec vela , and not parh'al pressurer. 


th) The final pressure Pg, can also be determined Using the ideal да: eçuah'on 
of State: _ 
BT n R 1 
V 


where Va 0-624 wd + о.е? 0774 MS a ad 


n= Nara Now = ar, Won a سل‎ e OE „ 0.0274 0.0172 0.05 kemol 
Marc Mor 34.44 $2.0 
Fina tly 





= 1.84 bar ى‎ Pr 


-— 


ү. oore NBI i 30 | e 


———— — —— Ген 
о. м 





о 
(O Аи energy balance reduces to give A= Ф-МЁ, or 
Q= ATA Jar + 4U Jo, = War Cv Ar LY- Ar] * No, lvo (%)- o, To.) ] 


Few, Table A-2l ) for arqon Gp = 5/2 R. Then, with Ep. 3.47, C, 26p-Ro hE. WH 
Ф data fe nr Table A-23 


Q = (0.025)f 2x 3.314 ][ 350-300] + (0.027\[9518 - #384] 


= -244 kJ Q 


260 к and + 





(4) Aegon inihelly is at Foote, Ibar and finally at ЕЕ 
Фогел pressures Yar Рр = (6.9 01.120) = 0-445 bar . Thus, wih Sp = AR 


AY - 0. KJ 
loors) | 3046. ge -asia CSE) ] 0.083 S2 а 
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PROBLEM 12.26 (Contd. ) 
Ox n: tnitvally v at 400K) Shar and fre ot Зоок 
and Зек per ha posture 0.4 4S bar. Uo HUE? datn fran Teitu A 23 
9 J 
ai ۰ = = M J^ 0.445 = 0. +З KY 
CAS), = oon | 210.604 - 213. 76$- #214 - = zz 











PROBLEM 12.2 
kNown: Thre cases involving the — А O2 aad Н are зресф'е. 
For eect^ Cage d.e fay nun ni tire wen ture R реги ture, 





FInd: 
nehate È бугы DATA: 
се.) 


di киме! [s 





Hz. 


“SOOM 
O. «Kol | c 





ue Orand Me Co tea 


connshny 
Pv Ca re Се) , ao ton trol Volum E€ at оху ctate сл. tho $4 tem. 
r feo Uo or- (C ui CY) , and {бла ore 


ASSUMPTIONS 0) Por Case (a), a Che ee dl zy Ste we 

$4 Steen: | / 
(a) fw осе туч, Q 70, We OCeveept {а 
мо Si <л х cant kina h'c/ pe fen МА e 08444 etten. (з) Each gas aud عا‎ 
behaves a aw < Фа as. The Da Iton м pra wo TA 


OV att way More 
applies. (4) Appropevare constant Spec мла Д.С arr — 
О 
AMALTSIS' (a) Ах energy balance reduces +o read AU = м, or OAO., 


“That o 


Sin a (^on А عا‎ wep oi, Le pare vss ve just 200k ر‎ ana Cu 
does wot vary $ gw cet o Such nr inurl, an appar: oa 


Constant Cy ce- ha weed fr eon Г Гә, wih date fru. TAL A- 20 


—J м (Cv M) (1-7:]) o, t ( Сом) (тү-7;)]н,= О 
- 300) = О = = 422 — 


7 (6.6) (0-681 x 32) TY -500] + (0.4 \( 19.382x2.€) CT 


(юу fm 2 naraq Aste о meant Ados مى‎ tu Aand _ 
OA, - iter + Фо, ho CS) * Mita hu lt.) Сло, ho, C$) 2 ^ m ha, (T) J 
ov _ | _ " 
O> No, L Wo, Cri - ho, (G | ] шы Mul ew Cr) —ha US |] (2) 
Then, with ср fy u gas fone Tobe A-10 oA 4-001С we 396 


= т. -73Y]. «^4, С _UT2-73] 
O Se. LEMET TI] es Ceu, Te 7781) nI) => G- 4uk 4— 


3 
© = (оу &atixsa 5o» 75]1 + (0.4) [G4.4 712-1613 
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PROBLEM 12.28 


KNOWN! А system consists ini hally of Пд moles oF gas A at Pressure P and 
temperature T ала ng moles of gas B Separate fran gas A bur ar 
фол Same Pressure and temperature . Tha Gases are allowed do az 

at fixed рд Volume . Ths finak tempera ture 2 U ang tru Tin e уа s care со уо 
EUN (а) Obtain an Фе (eo SP 1 ол for ths en ho py Produ са d С à 
R, "lA and Ng . Co) Using the Asurt 4 part (a) demmotrate Hat o- 20. 

(c) боо чі € n оч be duced iff 4^ gases were— | "еи фу da 7 

ѕЅ5с ктм кті с €Grutas DATA: 


"т fs 
HS 
eH tt 
КА 
8] е 
H ne 
on 
ЗОНА 
we le 


Cn + + 
; er MI 
dE 
ti EE Eia TRES 
2i. ИЕП О) 
— 
—— — 
(INN 





Assumptions: 


1. The system consists of gases A and B together. 
2. Each gas behaves as an ideal gas. The final mixture also acts as an ideal gas with each mixture component 
occupying the total volume and exhibiting the mixture temperature. 


3. No heat or work interactions with the surroundings occur. 


Analysis: An entropy balance for the closed system reduces to 
0 


2 
s-s = [OE +o 


where the entropy transfer term drops out in the adiabatic process. S; and 5; denote the initial and final entropies of 


the system, respectively. 
The initial entropy of the system is the sum of the entropies of the gases when separate. That is 


Sı = nASA(T, р) + пв$в(Т, р) 


Since each gas initially exists separately at T and p, each of the specific entropies appearing in this expression is 


evaluated at T, p. 
The entropy of the system at the final state equals the sum of the entropies of the gases A and B evaluated at the 


conditions at which they exist in the mixture. That is 
S2 = naSa(T, yap) + пв$в(Т, yap) 


In this expression, the specific entropy of each gas is evaluated at its partial pressure in the mixture and at the 


mixture temperature. 
Combining the last three equations and solving for the entropy production 


g = nalSa(T, yap) ш SA(T, p)] RE nplSp(T, увр) T Ўв(Т, p)] 


The specific entropy changes can be evaluated using Eq. 6.25b. Since there is no change in temperature 


54(T, yap) — SA(T, p) = -Ё In = = -Riny, 


в(Т, yap) — 3g(T, p) = - R In — = -R In ув 


Introducing the foregoing into the entropy production expression gives ي‎ 


DO т = —R(na In Ул + ng ln ув) 


Since Ya and ув are gach Less معطا‎ vert, Q^ wod ke posi hve, мл accordance 
with Мр cre cod Saw, سل‎ (6) 
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PROBLEM 12.28 CCowcd.) 
Tf the gaser were еліта , the су {хей ем typ 4 H ص عاي پاد‎ 


Gov می‎ d pa | 
S| = vu S (T) p) uS nes CT, p) 


оола Qi and Vg denote the anapun t “ Tou 99-4. (wh etl bn cT 
Lun tancs. “The fw endr oyi 2 the 7ч Stew w 0v. ae 


M - (nt ng S(T p) 
C Realy, ~zo fr this Cape. Mo entropy Go oute ha pre ded. . 











|. The irreversibility in this case is due to the free expansion each individual gas would undergo from its initial 
volume, V4 or Vg, and initial pressure p to the total volume V and its partial pressure in the mixture, pa or pp. 
The mixture would be formed spontaneously; however, once formed, energy would be required from the 
surroundings to separate the gases and return them to their respective initial conditions. 


2. For the case of mixing several components, each initially at the same temperature and pressure, the expression 
for the entropy production takes the form 


— 
C= -R У п; 1а yi 
i=] 


where п; and y; are the number of moles and the mole fraction, respectively, of component i. The result obtained 
in the solution is a special case of this equation. | 
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PROBLEM 12.24% 


each at +h. same Ty Р» маа у. | 
FIND: Determine cU amovat 4 Cutropy p7 осеб. | 


SCHEMATIC f GLUE DATA: 


оу: ASSOMPTIONS:. 
— ca) $0 (b COx L Ths system vw th» ++ quanh t 
(e) 10 (6 Ue of as. 


2. Each gas hebaves On aw 
(dead qao Oc To finok vue 
is described hy the Da itm wmode . 

| 25. CR =0 

AwALYSIS. An enter py balance ла ducas лос Нл e مە ں۶ ۽‎ Һолл 3 {о аке T= AS 

(ау T^ hws case eau gas Undergoes a process from 530 oR, lat 

хо SO°R and its muy ture, To obtin ther 





fespoe tivo nev rot (E SSUES us 
_ tol = Q OMS _ = 
— _ 0.14% _ 
Nu Dore ~ 0.460 Uh rel Ҹа = бас OST, Pu = OSTA ale 


n = 0.4509 лмо 


“Thats, 
Fz n | 48 - R lan Pca | + “Nu, [е н, = ВУ 
co, А t P ` p 
20 > О 
Sines T Ds at 


Uiconstan © 





; 0.51.‹9 
= (ous «a [- tto dn | + (0. 4460) = 1.486 ha | | 


= (307 
O 


Co) Ка vo (sent Los Lih wn La tk. Susie CAP | or + oM T, the out e 
Sis м 5 (7р) + n SUP) 
wheres ni and N . deuote +he ov vA tx pro sent . At — 


Conds hm 

Df = (wn) S CT, p) 
Clewl j ^ Vy © + That ш, ro ел Море e ممم‎ 
When RA үлү әз 2 DAW sas at d Same е Wepre tins 


a паа Oc QC Ау oo ed + VEV made E 


du ced هه‎ 
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PROBLEM 12.30 


Known: CO. and М, cha Seperate, ate allowed Т wuy without 
Veet or work in deroch ont س‎ eter the Turron dings ои N | a fi „А 
Фао сі. brrum Start ts attained. 

Emp: 


De finos te perature me ро ила. dew the а o oe 
^ Ru very produced. 
SCHEMATIC т GIVEN DATA. 





ASSUMPTION SIC) Tha system гє the COg амы Na together. (а) For the system, 
бозо, U2LO, and Cink / poten tort ©2657 effect? are оо. 


(3) La ch gas (о.е Lanes ao Onn ^ dank Gas. 2 Wey LA ad bane, to tha Da t fon rie dof: 
(+) Ti Space vo — do бо cec tax c6 Фоо. 


ATO TSS: А м амм te dO DVR ~r or ZU О. TC 4 


^ co, AT i. Ae V nu. Ф х), = © ow MAC CLO кзы, Ou ) i4 = Q 


Ars +t. ما اط‎ py ینتک‎ tw IA Fors be Vus e eu $60 omet SUDE , an eyy oA 
б V wha’ عط ہد‎ varia haa ہا‎ Cy os маал V м ДА vao ر‎ Cv Te ta Cn Gas te” D 
OS conçhani at 00K. This Аа Алу Ха سه‎ Г {ама Һама. Solution with foo 
ideal gas fables. Пом ТеА-20) Суу cog = O.TY €J|ES Е, Cv), т 0-74 TE SEES 4, The 
€ vta b ea [o rer te 
Wey, Cv, соу CT- 500] + ww, Cv, be LT зоо) =0 T 
(0.7 aTi Te - Sv + (о.з (0.747) CT - 399) 20 27 tp» 4 40.17 K Ф 


-f he I ewt (we stu 2 eed Latins Жыш А done مهو‎ ше ae i E © oto 





Pf a n R TE = Сис, + Nma) RE N a ео, + Vw? € aT) oC eT 


P My 
V V 
Coe ert bar) 
_ 60.7 _ 
Pe [ать 8 Мт = ul л> 0:02 0667. 
i 3 
Nee. Teo, — ne, (we Мм. = 0.3 a © Ol o7 | 
Visio, TEES ш 
m (0.1022 (44017) | GARE ma 
— ay: — = 
1 Со. orsa IX so) +G- 0187! L2H 


Ra der ang a ia e u voy Aretoves ر‎ AST y— 


Л7 = Meo, | Cp, сой М. 2 Жы ке + 
Мсо» Р 


соу 


› © 


мм [| Cp ےد‎ tn = . Е. Lon on 
№, Myo, Р 
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PROBLEM 2.30 ( Con Hnued ) 


S chsh Wag Values 


44.11 _ 3e gL esee? | 
T= Сотер) 1 Se E ( 


44.01 G 
| 6-29) 
(0.3) 440.7 — — & 304 (e 4o23)( ) 
( Logg ) dn goo 28.0 fin c 


сны со, 7 о, 0159/0. 02662 = 0. У 477, Ум, = 0.01071 /0.02662. = 0.4023, 
aud <р, сог ) CP, з. оха «ook. Сл. (см la tin g 


= ~ 0.0221 KS 0.1۹6۹4 KIJ 
WU KT 2 


- 0.174¢ ЕЈ — — — 








— A — — 
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PROBLEM 12.31 


KADOUNN ^ Carbon monoxide and he lium , ini ha lly Separate at da ffe rent 

States ر‎ are allowed To PAIK alia ba t call © е; vi і: brim. 

END: De denune (a) the frat tenpere tu ‚(ь) the fins qr Ct, Cc) the 

exer destruchm, 
M: 


SCHEMAT‘C С боса DATA: 
Te hel, ASSUMPTIONS: 


|: TAs system othe dote! quanhh 1 gas prement. 
2. Бе the system, Q=O,and Kins fro a 
poten Кол ener effects Con 44 rjhered, 
3. Tach gas behaves as an (dau? gas. THR 
huy pure adheres to -the “Dalton Heed. 
4. 1 = Szo R. 





AMALTNS. To be hw, thy поим ber | Ving les of Cath gas and 
inv Hed prossures ола founda, 


= 4 = 0.1428 
co = 28.01 


Vaen 9.9. .0.1444 
4.003 





= 0.1428. _ 0.4167 
from a 19 сле = 


Jue = 0.1448 = О. $833 
OSU" 
е. Has Фан Soe vey dat Quah 


an 4 stat, the rac МА pressures OAL 
5 44 |. ib 
Po = Vico R Teo, (о. 928 Muses Ceo) | = FIS e NOE: К 
М C2-0) these are — — 
Pe. на Теа. (0.1994)INS)(S20) _ 29.982 f. Ped, ША ш 
Nue (oy \{44| in 


o о 
(a) An energy balante адл ө» To AU: a- wf = O, where ZU 


AU: AU eo + AU Ane = Neo( ео (T+) - сото) ]+ Ице Gwe | TF — le | = О 
Since, Камил < ama Tc, “Table А —2.1 qı ves * =, Б. So, یں‎ tt Cp = fy + (€, 

Cy He = LSR. Fr CO, We оь Taole A-23 . Nardi quia‏ م مس 
Nco co Cg) 4 ue Соње Ц = Wee Uco (Tes) + Nine Cv не de.‏ 


= (o. 2.g)C FF VES) + (04034) (Sx 1-486) го) = 444.23 
(D Solvi а ҺА using table, data, T.=762°R (302 °F) 





т 

(о) Using The a das? ca, ә | ше hoe A chet applied toth fne nurture. 
p. "ЕЧ S. (ossis X70) „ 46.690 bk 
Y in 


бо | 14% | 
күтө» Aa arya do tiv uc hon co. ha found Wad ng Ege То бу whaa F~ i toe 
булом 4 aivo py مہم‎ duce d ,ob hina d frat 
Tha S 


DEA. Qn hoe yo e ac. TAS. 
Еу S AS To | А) + A S)ne | ; where. 


ö— م‎ 


Е — 24 Уой] _ 751.353 ~ 1.486 da 19-458] 50.1432 
AS ue = hue е ten TE - bn WET = (OLI > 
Tua Pat 


€ tot _ Joy TELS) -0.3885 > 
52.0 272.82. 
E Q5 i ———M 
Thus, Ey (620 "Eo. + 0:3 185] Bb = 976. 5 Bt e 
P Е — using table date tan be avoided us 
wi se. gwen here. 


nag (T. The results agvee 
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= 
PROBLEM 12.32. 


KNOWN: Argon and Nelruw each mnitvally et different temperatures and pressures 
are allowed to mix e dose ba fes to « frat ea oilibr'vi State. 

FD: Determine the final teu perature and pressure ) and the amount o-f 
€» op produced. 





SCHEMATIC 5 GIVE! DATA! 





ASSUMP TIONS! (1) The узе ел Shown in the accowpiany rng fq ure experiencer 
мо Change in kinetic or poten kel euergy j and Q=O. Each aaj behaves as an deaf 


qai: The Final miy ture adheres јо the Dalton ` model. 
ò о 
АМА тү: @) An energy halauce reduces as fellows, A UAE. Thus 
DU c 40), + ч) = nar Eyar [TF - Tar] + nne Evne CT¢ The] = О c) 
where Tar, THe denote the instal temperatures of the argon and helium, respectively. The 


feel kew perature — it denoted by T4. from Table A-2/E | fer mono toe gajes Cp = S/a R. 
Then, Srncte Cp 2 Cy + R l Eq. 3.47) } Cy = 3. R i and Cf. C1) ге duces To gives 


1 
т, Mar Tene nae e „ (Leyte) + (TMG) = cq, (| R CUM m) a 
f5 Nara Nne 2.7 
(eo) The ideal gas equation of state gives {+ ьм Туу, where Visthe 
tore Yolu мл е Е 
Ve Nak Tar a ‘he e Tue 
Par fe 
where Par, Pre denote the "hibet pressures ej the argon and helium jand nof parh'al 
prestures. “Thus 
момент, алуу ag 
d nar R Tar nue R Tue (алоо о.1)(Чоо) d UM 
[ ii frie (50У (S) e 
Е 22.24 д 47 


€) А entropy balance reduces at fy ows 


AS = С ИР => ows AS: AS ar * A Sue 


t2) 


Tb 


The argon undergoes “a process fe ou. шо PR, SOlbF >“ Ҹо сл ор and the parha! 


рла гиге of ar gon in the final эмнге: Yar Pr E (5. ($5.62): 2990 ТКЫ Thus, with Con R 
: | fu Sin SUH _ ү 2480 7) - Btu 
AS) pe sortes) 0886 Bie СЕ tn TIL - мд J 205 С 
Tne heli uv. ом фа” aoe) о process frou. «0 *£, iS tbf in? le 571.40 ^R. and ш ا‎ 
pussure of helium in the final wwe : Yue & : (24) 390-9 tbe fil, Thus 
5 SU _ on a R ha 
AS Due + (0.10014 #0) Là ME UI EL "a (S00 = 
Tuserting Values into Eq. 6%) 


Te BUSH FOG= 5.6001 Se 
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PROBLEM 12.33 


KNOWN ` со, and O2 J Cath at niall d: ffevent tew peratures aud pressures ONL... 
allowed to mix adra bah’ Cally while a specified amount of energy 
rs added By electrical work, 

FIND: Determine the final temperature and pressure , the change in exergy 
and the еч еду destvuch'o. 

SCHEMATIC 7 GIVEN DATA: 





ASSUMP TIONS: () For the Sy Stem Shown tn the ALCO mp anyin figure Сә: Оо, and 
K'we c and potential energy effect ore neql gr ble. Ca) Each gas behaves as an 
adeat qaf! ond the final uiyture adheres tothe Dalton model. 
ANALTSIS: (8) Am energy balance reduces to the form JU z A -W ою 


ыа av ае), TOU еу 3 ты, Un UD - Ra Ces] + Me LEa -Bo UT 
where ту is the huna! tempera ture Gund Teor; 104. deuste +he tnrh'‘a tempera tures 
of the Co, and Oa, remechve J. Solving Гар т; 
Neo, Wen, CT )+ No, Qo, (I= Neo, u (Teor) + ^a, ol] — № 
млее К є kno wn values and data from Tables A-24,4 -27 
o. es, (Te) а ошо, 4) > 12902. KI _ 
(Т) Solving iteratively using table data Туз 387 К. — — — 4 


(n) The ideal gas equation of state givet Pp > n RT /V ; where Vir the 
lo da \ мо ои е л 


ade 


ү А Исо R Tee, x Ио Р то, 
Pees Po, 


Cove lere na resuits › Tw hua р^ 2:976 (4 


(neo, 4 ne) Te ۴ 65287 ) P [4 L28 bar. ent — — ———= fc 
(es Teo, Yo, Tos @.5X зо) : үнд 





Ж 


— + 
Peo, Pos 


w here Peon р, denote the iach'al pressures of Fhe. CO, and о, ерес ће M, and not 


Partial pressures. 
(Cy The < чм we exergy o found frown Eq ‚ 7. 
AE = AU gef TAS. Sma Ws-AU, SE =(-W) —ToA S ر‎ where 


ID, мм ل‎ Asoluces «o 


ео o 5 Yeo, Р 
AS = AS ) со, + DS )o, = Neon | Seog C2 - Seo. (Teo, ) R An A | + 


Ve, Û 5 (76). So (То) E Mt 


With А од Фолл Toa А 703 J u 
QS = (o. 5) C223. $04 - 215 .9:5- «зу ln (CBA اا‎ + 


(ı.0) (212 . 769 - 215.596 -8-3N du (4289) J = 10.274 = 


Then ! | " 
ле = 500 - 243 (0279) = -2910,3 FS aE 
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Prosiem 12.33 ( Contd.) 


(d) Tho акен Фог уос илл con hae found uringa Ба = ToT, eee 
С в o h tained Fom an tu bony Paulun. Thato 
Ed 


Ea = To AS : Qag )م‎ 0 + EZ). 3000.8 kI هه‎ 


каш. an ex ^08 balunu Can Бе uted: 
= — LE 
де = fC U>=\sa - CW - e. 9€] - -E4 29 Ea: (W) 
Ед = Svo kj — (-2510.3) = 3010.3 kJ. The — d deswuchi on Occurs 


— а слао Ч do кал. 
because d prev gases at d P fer ed Twi het 056 ou 


An itevatwe solution Using table date сал be avoided by using \T, The results - 
Vagree with those given here. 


де 
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PROBLEM (2-34 


own: SO m/min of ar at 40°C, laham is wed adsl ev ca tly aud at 
Steady state witu 20 m/min of heliva «t (oo, latm +o foru. 
о. waned Th-eaw at {| ҺА. 

FID: ре Бериле (a) the te wperature pte ежел 9 way haure, Co) Ha 


— en boyy p^ do chem. 
DATA: 


SCHEMATIC © GIVE 


w^ 





(00°C, la ha — f 


ASSUMPTIONS: C) The control volume shown in Hu figure to at steady sa. 
(2) For the Control Volume, Qey = 0, Wcv —-0, and а" 4 Eva h c/ poten fio-4 
©0534 Cow lae 6 Swored. (3) The entying gases each rhe — vods lad مه‎ aw 
a dant gat. Oko hag илм re nd Кала htt. Dalton moder. (4) Jie 
сес т с Went <Р, ан iS طط‎ oo o. ws. at 3 SDK 
AMWALT SIS. (a ) Mass Ack halances at S tea de Shka ہس‎ dم'‎ eat Hot 

mat = Wa 3 (= Wo) 

mhiy = Vang (= иһ) 
Pron алле ast, — Aoda cas at Dem Stat to lend 


о = Maai ha CL) + Mug hn) [| C ag hata) e was hu (®) J 
ov 


о wa (halt) lel TY] + an Û UR) -hn 0317 а) 


For Wekivm Table А21 асе. oA Сри = 5/2 R. Sina tee fund 

k арата tare ll pua behw+en Ti алл 77, j and th diff Зе vrtati veb 
Warrour | Cp £v air Lo also + kon an Сеи тАТ. Tu. value 70 

o used: Pare = l. 008 € T [io Ic ( TLA- 20). шш, Ya: C) y 


; (2) 
o= Ma, pair (T3-T) + Hh сви (5-72) 7 О 


. e pow» ur 
Tuo we $$ Per I oma -found Fron tes Vo! vwa tic eoo 


| d AA LO hd Imin К. 
ma = (Av, Po CAED CET о. — a4 


= 


RT 8314 nwy 37K) 
' 8.27 pU 








Wu oore) = 60486 «9 
(S3'4)(878 lees 5 Е 
Cpa 5.146 3/6.) 3 


: B- 73-3246 
2\(3-38) 4 (0.0636 È (uae) 5-73) => о 


Solving ?4- сз. ) 


c2 

o = (0.4332? £9 Хг. 008 е 
lb) Radverng an емур rks lorte 

D = ma Sa СП, Ру + ми Sy (TP) — [ wa 3a Cs, Yap) ии Sh C ‚ди Р) | + 9- 


Rearranas “п 


m. ow срам in B- R 44 Yor wn | сри TR R Уһ P 
Se wa | — T7, Mar if |+ iS АА ET 
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PROBLEM 12.3 4-С ontd) 


~ wa _ 0.4328 - 0.0324 ке! 





> 
No 











Man 28.47 5 > A = 0.043? 
^. V^ lA = © .0%36 . 0.0: 04 eel 
My = 
` 2 ~ ^ о Я ` 
So rE 2 o. L 0.903 Y = 0.748, dic Au. 2 o! 5 Q.2$2. 
К 0:04 33 A ‘OT 


5 оу Av ST 


, W 
Pe (0 teti e) iu E — 2847 [ку 


(9.0430) | лае) А. з24.Ь " g.3!4 A eare | KW 
171 « Є. 


сөл.) + (.0.0436)( $1438) = 0.2062. EW. و‎ o 


= (0.9346) < 








PROBLEM 12.35 





KNOWN’, Зоо 41/или of N, at (20°F, 20 fli. is ved adia ba К all at Steady 
State with Sotlb/nin Ол at 200°, тою |^ Ы form ~ 
mixed Stream at 07 lef | nr 





Кр; Те tre ерау ар <c etes ani Tis wux fare ont Co) Here 
rate of nerd destruetion. 


SCHEMATIC y, GIVEN DATA: 







Na, 
| Е 3! 
Зоо pt*lwa 
l209F, 26lbi].? Mixed с уед un 
оъ at (7 lef/in*, 
Go blum n l> 


2.009F, w vof lin > ا‎ = = 
ASSUMPTIONS. (0) TH contol volume Shown inthe gure ts at steady sht. 
(v) Бри Ае Control Volu ) Qv =O, Wey tO and eX Krnethe/potentiaf uarsy 
effects Can be Vaneved, (3) The endring gases Ce. Raw مھا‎ мло баЛа А д9 
an asdasd gas. The meting vuy hme ad boss tote Dalfn vadil. (4) TH 


Sp? eps heats Ср can be ben ao constants. (У) Porte exergy reference 
eununvronwet, Toz CooL R. 


PRALTSIS. (4) A+ Shady spt auum Mapes, More s. Ho energy raele 
Vo etan مہ‎ Se cts To aae d 


Oo: "^N. hy, CT) > mo, ^o, CT) -mn bw, СЗ) + й о, ho. СТ )] 


Ov on RAAT TAK фй Vere ^ لم‎ wi tn. a Slump hi on C4-) 


О = "^M, ce e KL B-T] а: Mo, Ср оу LT - 727] 2 
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PROBLEM 12.35 (Contd. ) 


As Ту will fall aa hozen T ant Tr | ot te tempera haa ЧАДА 68 Ка Хо ve © 
narrow, Cp Rr tem gas is then X ما‎ 6 vov en Me س‎ occ. 


ILo wike data fra. Tabu A-20E, ©р,ю„ = O.244 Bhw|lb-oe, CPO, 0-222 8% /10-06 
The watt knw rots Wi found مه‎ Fri lore: 


INS Et tof ( s80° | 
2.7.01 — 


Subst bby Vetus ы. f 9С!) و ںای لين‎ 


wy, z AW, P. (зоо U Ynn) 2ох14% а PA 27 lblhan ~ 
RT, 


0 = (27 ш (0-2 ча e) (т -5во]2е + Сео) (o t) Cs E 


бсо) =) G= G30K 
(I70°F ) 
(n) Ax e n ру Ago. © Йел. Mea do 
O - my, Sio, (Tij P.) — "^ o, S30. (T2, Pa) — |" Sw, lB, Yra چ۴‎ (+ wo, So, (Ts, Your ) | 
СҮ 
ie 


= p| срма Ал 2 - R А, Y 


Юю». 
Ti Mi 
To 


+o 
v^ Mu (=, Сз, ou R)- SHE. (7, ,R) * Wor (хо, (Tz, Уо, Ру) - зо, (т2,№)] 
a] + Mo, | о, سا‎ B -R б. 
Р, Te Mo, 
ob tnin В мо (е {со c f ns 








Чо, р | 
Pi. 
^ = ay - 27 мау 26543 Ы 
nwu, Itc =. > 2.1204 
= M per 2&.01 ? ý 
Wo, = Mo. 20 . kar 
Mo, 7 
. 0.432 2 ~ TE - осв 
M ~ 2813 0 — — — سے‎ 
2 = ?.y164 ^ E ‚ d^ 2. 2164 
Жл х 


— طا‎ \f 6.247 B& у 63? 
Sese - d 


_ ARC [mm pd z 
lp: og $80 2.8.6! 2o 
Сеў) [ o. д. G3 _ 1.446 
(Go 


he ©. e 8070) | 
32- —29 ) 
= (2712 + (480) Bh = 4142 Бе, 

The rA 4, Lh ar dso buch ^ cor d fuund مف‎ foul aus 
— | Bh \ — AW 

Ed > Те б” = Svo%R )( 4.142 Eh- ) = 2096 be 


& 
Vw rn 
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PROBLEM 12.36 


KNOUN: Air at a tpec fied tem pera ture and pressure enters an ratulated 
Chamber at Steady cta $6. and mines with water vaner entering at 
a Speer fied te wm perature and pressure. Tha млм eure Cex tt at e. 
Сило ик. pressure and molar ana le SiS. 

Егор. Determine the tem perature of the ey fing mixture and the 

mm fate € w tropa rs produced | | 


SCHEMATIC т GIVEN DATA: 


At 3, based on ttes. 





Jiven molar tou rates 

Aw | LL, š y, d 
3S0K, , А 
(рог, 3 air 0.25^ 
o kwol /S 7 0.7577 
Water LA Rz Ibar — 
Vapor : А 7 
ЫК J Nge 20.4 ә! /5 

(Dar, 0.3 kwet/s А d 


A SSUMOPTEO NS: Сї) The Mixing Chamber "t well tngulated and at Steady 


State. Q) Kinete and potential energy effects Can be iguored. (3) €ac 


gas can be modeled as au ideat gas and the CK Arus lix ture od heres to 
the Dalton model, 


ANALYSIS: 0A n energy rate balance at Steady State j expressed on a molar basis, 
reduces with assump hons land 2 to give 


| b | 0 = , _ PER — А —- + — 
tihi t Who изу =p hs 5 G )h + GS) he 


where ^1 ) Wa. j and 3 ave the melar flow rates of the arr;water vapor} asd wr tare, 
re spectively, Simee Wi/h,y = ORS and ña /ń3 = 0.75, this becomes 

ha = 625 hı + OTS ha = озу har (Th) + 075 hy (Tr) 
Tne enthalp 


of the mizere ) Per temol of Ware yes hg 20.25 hap Ta) +07 Thing (B), 
(Т) A ceordyngly ‚ with data fro w^ Table A- 23. 


0.25 [28.97 har CR] + 075 Ям, o = (0.25 28.4703 0.44) OI N (18601) = 16484 У 
wne [^ = Maie Maer, 


Aw гіела ће гоо Ком using data. fr ow. Table A-2% FANO 
@ Ty = 507 K( 234°C), — — ——————т7 
Cb) An en kopy rate ba 


lance at Steady state expressed on a molar Баг 
reads "2 ° 
o> YE уук ж-з, e 
T, 

Thu $ 

Tev = Ars A 

— = Sy (S д T$.) 

^з ^3 ^3 


“Tre SpecrfAce €n lv ony of the mis ure ts 


M = 06.29 Sam. Ст, Yair в) + 0.7% Sko CTs, nao P$) 


Comb ining the last two equations and using S? data fran Table A-23 


—— > 2۷ [ Saw (Тз, Yair Р, | - — CT, P, )]+ 6.7 cf Sho 5,996 В) ~ Sno nA, J 
^3 


©.25\08.ат) | Sin (TE) т) - È in ess 
t 


oc Û S4,05]- Su, otn - Rin 225] 
Pa 
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PROBLEM 12.36 (С con td.) 


Continving +b. Co. \ cul a tho 
er 


=== 


= (о.ъг\(28.47) | 2.2338 - 1.85708 ~ 83y ; 
© IC 708 ¬ ERY In бз] „ 


олт | 206.90? - 209.745 BIBI LY pane 


Cty 


= 5.604 & + (03754) = $2334 KT 
Kel j<, 


от" 


Se, = (0.4 emel )( $.2374 ЄЗ. ) zs; | 2.044 KW 
е Ки}. (< жу; 


|. Table A-23 Can ba use here fr water 20 De Canes, Чоо 10 Vapor 
ما‎ имле баДај مه‎ б aida 4^5 at оС 4 th T Shr. 


2. Awm (lere hve soluhm и и Jets data can ga AuBided i Биг Coe hy 
UA л Cons tant Sp fy deij өү and wa ker У opar е valuated aft a 
average a {ча inlet tuna, tures: 4% К. Alternatively ‚ VT could be used. 
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PROBLEM 12.34€ 


Know: Streams of CO and Ar, each at Knoum States, forma a 
МАДА Клее +hatr RX Nand $ across a valve do a Spectfred fess Ure. 
F ^20: De ternene (a ) the mass and И іа — Ses +a 
ма сеу Co) the dev pco kane at de valve exit, Се) the re Xe 


exer de such ; and — valve, eackper 
44 ow fr tua. ила id". Chamber — oes oF j ls. 





SCHEMATIC $ GIVEN DATA: 





Т = 600°R, 

со 7, Py = (e Ibf/i > 

540%, KU, — 

ig TR | 3 c 4 To = 500 - 
А 2 Б 
r | — 
240%, »—] Paz 14.7 lef fin 
IB tuf (int / É 


ASSUMPTIONS: Ct) The WA King chamber i3 well гили іа е and at Steady State. 
6) Kinetic and poten Wat energy effects Can be ignored. (3) The expansion 
across the valve fs а throttlin process. (4) Each gas can be. 
modeled as an ‘deal gat cand’ the mixture adheres to the Da (фи model 
($) T= 500° р. 
AmALTSIS Cal Ке ducing wats and energy rate balances fev a Conte 
Volume enctoring the waning Chamber, we şet Os mihi + кл, Йу - M3 h3)or 
expe ssed al Mere ve ly 

оз Meg heco (5Ч0°@) + Mae har (840°R) ~ ( mco Исоев) + Mar hay (200°R) ] 

=> "o | heco (eoor) -heo (S40 °8 ) = mac | har (8¥o) — har (eoo) | 

Meo Mar 
For Ar fem- Teble А-1, Сре. Date fr CO 5 obtained fran Tetu 4-23, Thuo 


| 416$- 3750.3 . SHV 86IL 240] جا‎ илсе _ 
E = "Ag | Gs X t Sell 240. 27 — 2 
2.8.01 SAAS AY 





According, (me leo = 2/3) rt Jre = 'ЇЗ 


» + * re . 
Cons ar гид a. tor! C, D мА AAP E-S e ms 2 Yeo = once - 0.34) 
Исо 2/3 lb. 20-0238, Nar = = 0.0083 = l 
= 28.01 ме 2 39-44 oar 7 0.251 


Co) Sica th Crpansim across Ho Ve u a +оо ttling 
hy z= hg. Ana ton relay of an vd aut ae dapen do MU Ux 
depre n | T4 = = оо. 


(C) The ^4 xer ds Мос hoa. Ca. he tound — Е у= Т," NIPS 
Cu до nt Д en ero pro temm Fine a ہم‎ eco | سك‎ tu closing 
As ing rans d 
. 9 . 
о: LES p € Seo Ст, P) + Me Sar UA )- my Sy + TeV 
Twas, uo (Tw go da c o 796 Table A-23 


S > S3 ~ (22) Sco CT, A) -= -(5 ZE) Sar (Ti, A) 


м3 


((m£)co Seo СТ, Yeo Ру) + Far Sar CS, Sar P1) ) б ( =) Seo C, 8.) -( <2) sar (Ti A) 


u 


= [ $e Cs, Yeo Pg) = Sco C, А 1| +3 [ Sar (Ts, yar Pz) -Sarl Ti ^Y] 
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PROBLEM 12.37 С mtd.) 


Thar Ф 
Yar P, 
Фм . e ы: — Teg (%)- ne) | Sewing = 8 Inge - 1 бн) 
m3 3 mee Mar 
0.25401 
x ( tod | [Е 23е 
(ore 74.44 


= о. 0476 Bta R 
a 0.0372 + o, 0 OM о. © Lo (wy) 


T Was | fr Ata mugi ng Chor, 


- 2 } “A۵9 О. gj = Ў Bre 
CE Bee = ne P = (Goo aX ndis m oer lomix 


For a Contvel Volume enucloting the Valve, an еи fps fate balance 
at Steady state reduces +o 


Tey 
“з 
= (@ Seo (Te, Yeo Ра) + (mt) Ar Sarl Та, Yar Pa j 

- [le Seo, Yeo Rye Сиг Sar (Ts, Yar Рз) ) 


= S4 -$3 





— ~e _ Yeo Ра In Yar Pa 
= Got ey [ 85081-3800 Rim Eredar [nt EE] 
Meo Mar 

S (^ta. Ta = Tq p the terms involving tempera ture. vans hy leaving 


Sev В -R [ Se + бае) Pe 
“з Meo M ar | 
. 71486 [ 0.02384 0.0083) ^ 14 = 9.0064 Bele 


‘Te Quar) 
Then 


: Br. 
(D Ea) ave = (500)(0.00S4) = 2-4 — 


{. Significant еже со, das tivu ehon c.c ani ed T^ Uses C ng A 
d. fesen? Substances (eu hall g at different States and ther 
IL NON SY тл ^y substances across valves. 


12-44 


PROBLEM 12.39 


KNOWN: Helium at 400 K, lbar enters an гига (ае д v P кла chamber where /t ces 
with argon endering at ЗООК, libar. The mixture exits at a presure of (bar, 
The argon mass flow rate fs x trmes that of helium. , 
FIND: Plot versus X the exit tempera rere and the fate of Ak 5 
Чеге осол ү UWB wars 1 He Ln trin g ‚ + 
SCHE MATIC 2 GIVEN DATA: | 





Mixiure Те, loar 


Ar 
зоок) 150г T= 300 K 


ASSUMPTIONS: (1) The mizing chamber is well rntulated and at steady state, 
(2) Kinehe and polentval enesy effects can be ignored. (3) Eech За: can бе modeled 
as an deal gas and the miy tre adheres to the Dalton model. 

ANALYSIS! A4 Steady State the mass Flow rate of the mixture exi hing ё олі; 
the sum ef the incoming flew rates : 


Mat WHet Mar s (+¥) ^ue eJ 


The energy rate tb «lonce reduces at Steady State to give 


© o 
O- gx, - Wey + Mie hy, (400K) + map ha, (300K) — ( mne h (Te) + Mar byl) ] 


Brel Һа. Сте) - hine C400k)] + marl hay (Te) - har (веек) =o 
For rue олло Се gates He and Ar, Ср = Sh R/M (Table A-21 ) . Ree ots ngka, 


uel & Ê (e 499] + x^ [£6 (Te - зоо) | = О 


or 
Te- 400 4 X [че- 300] = О 
Mure May 
Giving 
— — x 
MEI QE BH) + e) 
i x nar Y 
— p — — x 
М ңе Mar Mae Ы 


us hare Mar: 33.44 ر‎ Mne: 4.003: 


The entropy rate balance reducer at steady State te Jive 


0 


© 2-8. He Sue ( 400k, Ibar} + Mar Sar (200K, [bor ) 
T. 


: ~ [hue Sue ( Te, чаа) + Mar Sar (Te, Yarviver) | + Tey 
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PROBLEM 12.38 (Cent 4.) 


P : ; 
Эсе y, e Yue ر اک‎ Yue = رولا ا‎ amd Ed ye = To "ө . Thus 


H onf LELE соебуз] х E [£2 % ty, 7 о) 


Mie 
To fad Yar, nohe that the mass Ted ons of P and Ar іи һе exihn 
mix ture eve, respectively | J 





(e$) > Mhe „ Me a A 
M mix CHx)mue 

бе) Ar z= mar z x м He á X. 
Mumiy Сту) mye (+ х 


The number of wmoles of He and Ar га «a typreal unit mast of ма е наге Is 


i 

Pe = — ) Wars v/ (x) 
M ne Mar 

“Thu | 
5 ( k ) 

лс t. — > (ї+х) Mar = x | (4) 

V Be + VAY [—— ы Mar 
Ct) Мне hona d [e e] TM i 


The data for the vegu ied plots are Oblained using IT, 28 follows : 


IT Code Edotd / mdotHe = To * (A+ B) 
maces A = (Rbar / MHe) * (2.5 * In(Te / 400) - In(1 - yAr)) 
as В =x * (Rbar / MAr) * (2.5 * In(Te / 300) - In(yAr)) 
MHe = 4.003 // kg/kmol Ar = x / (MAr / MHe) + x) 
MAr = 39.94 // kg/kmol y 
To = 300 //K 2 
Rbar = 8.314 // kJ/kmol-K IT Results forx= 1 
х = 1 Yar = 0.0911 
Т. = 390.9 К 
mdotHe + mdotAr = (1 +x) * mdotHe Е, Im. - 214.6 kJ/kg 
e 


Te = (400 * (MAr / MHe) + 300 * x) / ((MAr / MHe) + x) 


PLOTS: 
400 3000 
2500 
350 © 2000 
= 3 
x м 
- o 1500 
i T 
` E 
300 ~ 1000 
Ш 
500 
250 0 
0 50 100 150 200 250 0 50 100 150 200 250 
x= т. /m = т /n 
Аг He ù ma Tie 


"А the. fadum of — Increases, the exct Jc eraluve. ap Book, whieh ts 
The paa ve qe Cure Е — бо. as peched, M * фа anons 
Aft MO. MLEARUAA XANA фати. WM 0004505 дла. +o а. مص‎ aure А ёлол 
кы Ha wo ere Шы. = 
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PROBLEM 12.3% 


KAI OWN у Oxy gen is allowed +o {low ‘ato a looo {+ dank, initrally 
Filled with N, yunbl the pressure in the Флик achieves a Spec hed 
valu е ulna rhe Mv peco ue nw. Xa tank дашы constant, 

є/юр: Determine (A) 4ha wats of O, tied enters ر‎ (6) the beat mance 

SCHEMATIC = GIVEN DATA; 









Oa at 
70°Р, 201 bf fine 


ioco £63 tank , 
inchally fi'l led wth 
Na at 70°F, S lof ine 
| pe 

Final pressure in ооо (45 taupe IS lof /in* 
ASSUMPTIONS; (1) For 4^» Con оі Volume shown tn the figure, Nev e. (2.) Чех 
tean sfer „with [бе surround xe maintains the Ча лё Con tents at 70o[- (3) Cine he 
and potenhat energy effect are n elis, Ме. (4) Tack Pure CompnoneaT behavet ar 
an ideal gas. The muy hire adherer de the {deal даг inode /. 


ARALTSIS: Ce) АБА; Lu tant гс Неї with Nz of T= SION , = 5 tof 1а 2 
Ч А DUE 
falla ) Tex taak iS file d М, anal 6, aH 7< 30؟‎ “۴, Pill) lof hiat 


Å- —À 


РМ = М, RE 
pus (n v, * lo, ) PT. Cow bini rj + owe Qv pressi on { 


Q ы, + Vlog >) iS -it с -=> No, т Йь, 
EA i Vo, : = 
„оду. (бка дн (оон?) = 0,879 lomi) D Mer 
"E 


COT Ge EB Yen D кыт (de estie) = Szt Me) 
(dine 


230.974) = 79% lie (02) 


(b) An entra ig rate balance F€ duces te 


d Vey = @ ву + “Yo, ho, 
ах 


Then, ис О, entero „5 a cous au t be mpera dew (<зо°ё ), 4 


64. is constant. Thus, integra hon 


ww 


gives 
AU = Qe ¥ Te ho, (Т) z Qe = Ux - Мо, o, ст) 
Í | a г кыт) 
„№ Ucy - (no, U) + Mv, (4, n, C) \ — nu, Uu, C P ) = Vio, (4 o0, CT 
eek T -1 E. Co ile ching pesa ICS " RT 


® Сос, = Vio. a Ue, (т] ER ст) | = Ло, L - م(‎ vo. | ў 


L -[xo,U) + (0900. | 





E | ! 1.486 fe s jo" 
2 -= Non R T ж |, 758 lore | (02) | E ) 

. — 1850. 4 Gh. | 
l^ To maintain tha temperature af v3094,, the energy exch; 


by hort trans fa, екса c4 la matches PU Qnevyy entering bo Lous Work, 
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PROBLEM 12.40 


known: An insulated, rigid tank Ау Con аи та Ar ak a lec Temperature 
and Mesture 4 Connected to a large vessel соу hai v AS Na at oœ bru. 
H wpe ra ture and (sure. КӘ, tregen з allnwed To dile tnt +h tank , 

for vun an Ar - №, Vang ели е at 5 Р. 

EnD: Plot Т and р verrus t^e 4004 y № ui Ha ік К. 


SCHIMATIC GIVEN BATA: Asso MPTIONS 
тте ee ут —— == , 
I. Бе a control Volume entlesing 





Aegon, initially af {ho tane, Qey= Nev =O. 
Ma. 










| Tz 300k Kinetic T potenti e tuergy Con be 
= P ‘anoced . | 
tane wars \ kmol enters at Соо) Abar., 


3. Goth pure сомо nent Ба Меча) 
as 2 idast aac, The nuy pure 
оф(легес to the” Dalton modat 


AMALTSIS Since tw tank volume Ла млл и 5 constant 
omens of Му w^ ton. юла ну 


Ve тейл. Lose? э pee WEE] o 
l 


where p< thar. | 
Mass and еме сүд Ake balances Aeduce to give ( San Seo. 44 ) 


AWey = hy, (Ty, ) "n. 
oc | _ = 
} [My Ст) + Nar Uae (T) ]- Û nar bar (7; )] t = hy, Ch.) Им. 


= Ny, Up, (T) А nar [жл,п)-®л(т)] = hy, (т\н, 
m 


Ruun Table А-&1 
cys i-S R 


^? € Ky (T) + nar SR CT-7)] = hw, С) "9; (2) 
Sawyle Caleualathot when Ир, 70.2 «wel ı Eq- l) nads with dola Fu. TA 44-23 
= LSXS. F3 И = (0.2 insi лыс 

(G.armel) ы, СТ) + Око BEI ("T - зоо) К — 


T = GOSS KS 
(о.2\%,, (т) + 1 6 

A-23 dala, T= 400K . Then, C4. a) qe 
Solving | wife Tether 


чоо 1 
pz (bar) [+ e>. Зоо [= ا‎ bac. 


The. data {бу the required plots are obkumed EID Tw Áo eua 4 S\wole IT coke’ 


IT Code IT Results for ny» = 0.2 Кто! 
p1 = 1 // bar T = 400.4 K 

T1 = 300 //K p = 1.602 bar 

TN2 = 500 //K 


n_N2 = 0.2 // kmol 
Rbar = 8.314 // kJ/kmol-K 


p=p1 *(1 + п №) *(T/T1) 
n_Ar=1 // Кто! 
n N2*u T(N2",T) + n Ar* 1.5 * Rbar *(T- Т1) = n N2*h T("N2",TN2) 


(A^ 5l 


PRoeceEM 12.40 (Op d 


PLOTS’ 
620 4 
580 3.5 
540 3 
500 2.5 
< 460 a 2 
Re о. 
420 1.5 
380 1 
340 0.5 
300 | 0 
0 0.1 0.2 0.3 0.4 0.5 0.6 07 0.8 0.9 1 1.112 0 0.1 0.2 0.3 04 0.5 06 07 0.8 0.9 1 1112 
n. (кто! 
М (kmol) UN (kmol) 
2 2 
Note 9 we 


' As more N, is iroduced , Ma pressure amd temperature bok. increase. 


° The tanl temperature ncreeses Jo Values greater haw the tewperiture of 
the ib Coat. ering dus to How — 


‘When Ny, reaches 1.13 mol, the pressure in the Yanl reaches 4 bar amel 
the process ceases. 
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PROBLEM 12-41 


KNOWN? A Stream of dry air at ЗООК, 0,4 ^ Pe 


at Steady State and /s Separa Ye el into pure نھ ر ے0‎ S е лал) Cach 
ef 300K yO.1MA. Operahng data are provided. 
Fii Determine if the elime of w erk rnp ut value Chain be ce, rect : 


{ 
SCHEMATIC Y GIVA DATA: 


Cn fers a de vi (С. оде од hing 





Pic Oa 
Jez 0,21 зоок, OU MR 
u2 a | | Na 
ver зоос, €. 1 MR 
O. Mb / 


Wey 2-12 00 КЧ Jy ao | (а: г) 


а ААА) Ci) The Conhol Volume shou, ^$ at S fe de Sta fe TES 
necks, ble Kime he /proten hal € جکر‎ yy effeck. (2) дел gas P prineples apply 
to X^. air ant the pure Ox jj {едил з e T^ A < (3) Heat Trans fe 
to ith T suvrovadings occur? «d "pz 300K. (4] Бае NIAE 
AMALTSIS*. The Plan iS To evatoude the en mopy pre doch on 
requires the heat Naucp rate, AC Coy din] 


balance YT in terme of hac la f ~ — 


Сад te. Tha ¢ 
(e doc hon |, an еше ra te 





OF Ous М су * — haw — No, ho, = P MS 
Then, wie ta han: Je, ho, + 59 kh Ы od | 9л, 
PS. 2- J Py 
ža ` ` ; Now _ | Mg, МЫР hw. 
О ~ ©су = Wey = [ de к he ИЕ " : 2 
n ‚ч Ail Асс 
Nave V AW 
| ! 
Ard s. c Te we cheami Сү © D $001C , Aus Ax doces Te jive Ou - We = ~120O0 eJ. 
2 VA u^ Via ive (are) 


Мо, an entropy mie balance at s Hada 5 HK Mea dg 
О + Qu ү Nar one 0, 90, 7 PL мю, + Tov 


Th m جا‎ Gp) چوا‎ CT, p ) 
(v. 


So, UT; Yo. р ) + Yr, БҮК o 7 oe. p) | 


илдо , 


ЧС & 
(= ем — a (9, © S o, Uf) رەك‎ p ) + Оё, Sp, ( У №, )) ~ до, So, Tp) Jv, Sp. C52) T os 


HAM 


P T € у „ | хь. (T, Уюр - Sus (70) | + У удуд 
О = Gev [алт + “or | S o. (7, дер, P) - Sa C) | + Шы SUUM л / Air 
: | 


To -R ہما‎ Je — р Quon, 
Ы | q [v | D AA 47 ADM 
ow. ТИНА wo IMAI + R C Vei. 95. ^ dox 
~“ j Tp 
Aif | | А м) 
= (reo EJ/ Kmo] de Fett | ozida O.21- 02-71 La Or 
оок 
= (4.00 = 4.273) KJ lice К. 
= — 0.273 EX £c К 
Ас се Фа м 


Ss we — < © ) + re assum e Û Va lue fe fu coor К (^ put 
Céunvt len valid. 
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PROBLEM 12.44. 


KMOWN 2 Data are provided Lor a device operating at — Sta te 
that Separates a ма. Кога e as into Component . 

Plot {ча remnimun there IN oA power гирих versus y) the wole 
fcech on 4) Ca HG 


Fb. 





SCHEMATIC T Guy DATA: 
Z UE T OWSA Ол? 


= 243 Қ 


Mixture = =] 


Component мре Fraction 








Tr = 20°C, latm 
MIXTURE 





“Te 20°С 
Р, = latm hen 
Cay), = looms 


Ts = 20°С, latm 
0.0% уо 


ASSUMPTIONS: CI) The Control volume shown in +he accompany ing fi'gure 
Operates со мегуд Il and at steady state. (2) Kinetic and potentiol energy 
effects Can be tg nored. (3) Tdea\ gas presence ples apply for the pure Components, 
The mixture adheres te the Dalton model. 


AWALTSIS: “The wars flew rate at | is Obtarned using the given volume tric 
Stow cate and 


the ideal gas equation ef state; 


W^. av), Р CAN), 
An (El YT, 





Where Mz feny Meu, + Чень Me ue 2 (0.99% 16.04) + (.06)(30.07) = 16.88. Thay 


3 
бү: Geiser io" Mint Kiori) 30,2 kg/s 
pii n 0( 243k) 
16.95 к-к. 
Tha molo Linn aala is 


WH, = Z9:2 = 4.1599 kmollmx) 
' TET " 
“Than 


C; He u (+1588) со) 
hewq = Ci 3)0- 88) 


Wi tn ASSumphons | and ر‎ On energy rate balance reduces t 


Су = Dey -— Wey + ( Weng eus CT; ) + Vete мень (т; J — ен heus (1, ) = News he te (Ts ) 


Since T= Tr. Т; » Ha underlined term vanithes, leaving Wey = Qey. 
Am ех уоруу rate balance reduces at Steady tte te t 


Or S. ( “cua Seny (Ty Je 5.) * Mee Se ac CT ене PY) P 
? М ciy Sey ( Ta, Р.)- Reece SH + Tey 


Ое vov rearrangement J and inser е Wey = Dev 
} | 


-— M — _© (т. 
. T i Achy ( Sem Сту че Pe) - SemUn , P2) ) + nane (Sane СТ ЧаньЁ,) 7 Sane 1,5) 
—We = % | 
cv А Ф. 


In tris eqvahen ( -w ev) ca the Work input. Sec Tey 20, it follows 4 haf 
^ ts | . 
(-Wey) IS € minimem when Tey =O. Accordingly. 
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PROBLEM 12-42 С Cent «ved ) 


C Wev Jmn = т | сну En (ту S (TE) - R l^ — + 
— — — 
то tire > | 
Ф Spe 
Ыы = = e 
ане C Sene (т) Зав СТ) Ê I» an | 
ы. 


20 sinte eTa 


ri 


-R Tp $ ney dn Чону + Mette bn je He T | (2) 


“The уенча eqgvatone OA 8 E quah ма CI) and (2) Wetec 








Су C 8.314 єз Naas (aise Eee S Qe Q4) + y din T к 
S — 
= _ (10, IB} къ) 4 Gg ing) + د‎ 4 91 (3) 


& (3) cam be Plotted us tng wal able plottive softwere. the result Wine IT 


iS preacmed below. 


8000 
7000 
6000 


(kW) 


5000 
4000 


"a 


3000 


C 


—- 2000 
1000 


0 
0.05 0.1 0.15 0.2 0.25 03 0.35 0.4 0.45 0.5 


ae 


We see from the plet Hat move power is reguwed an the mele соел % 
съ LUAM a. ses, 


"Owing feisevihaeie ivrevernh | her, Tex acht power aquired 
wou Dyceed the Wminimvuw there hcnt value obo ved frau E4 (3) ; 


* 
PRORLEM 12-43 


KNOWN: А weler pipe at S° cuns bolween buds 5 throng arm ak SS?C- 


FIND: Determine the мох imum relative humidity the air са, have be fore. 
Condensation occore On the wall. 


SCHEMATIC € GIVEN DATA: (38°C) 
— — a — 
pipe at 5 °С, Rf (5C) 


m 


> “ 
t : че 
| UI Sac 
tample of worst air 


at 25 9C, 1 алу. Sec 


v 
ASSOMPTIONS: бу The System consists of a 


DSt. C.) As the Ty stem Comes Close to the pipe ot Sec, the System undergoes 
о. cooling process at fired total pressure from 35°C Lo 5 °C. 


Sew ple of mort air init ану at 


ANALYSIS: As the Sample of morst air is cooled at Fixed tote! pressure, 
the ^ perché! pressure of the water Vapor femarns constant as longas ud 
ondensahon occurs , for Д: Чур and yy leas Conttant. 


Accordingly, r£ the mihal pressure ss lees an Ry (5 °c) Such ef O 
j 

Shown on the “Tav го дум ) the Sample would be Cooled to sos wha 
ont condensation, However, i$ the intihal per h'al pressure ig greajer dhan 
fa CS ©), such as @ Shows on dhe Tv diagran, , the System would be 
cooltd ovt о. saturated mixture fS афа wed, Sub te4ven 1 cooling to 
5 9C. woud involve Condencah'on. Tt Can be concluded, there fore, that 
the partial pressure must be less than J Or tual to, B cs. Thus 


Pe а fq SCD _ 0,00872 bar : 
> e—— =. ee s a ш " vs 
P Gs) ^ PGS) > 0.05619 bar 30-185 (05.6 7) ———— f 
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PROBLEM 1244 


KNOWN’ A сак of Softdrink at 40°F is placed wn reom where T= 70°, d- 7655 













FIND? Ex plain Why bead $ of ois ture рад On фә Can's surface 
{ 
SCHEMATIC F GIVEN DATA: Ра 
Oe a Р, = 
u 3 0° F 
T 
А Dew point tempo У SQ F 
“ 
ue 7 Lo°F 
Sample of 4 
Wor È arr 
at 70°F lam 
T 
ASSUMPTION S iO Tha sy Sten. consists of о. Sau ple Vw SE Are lachally at 724 


(2) As te x stern comes 


Swed 1+4 pressure 


close te A^ can at 40°F ر‎ the гух феи cools „Л ©... 


AMALTSIS è As the Sample of weist air is cooled at Axed total pressure, 
the partial Ona гиге of ба water Vepor re morns Con stant aS long ас Veo 
CondensaWun oceers. Once + dew pwit tenperatuve is attained ) however, 
Pur t ha Cooling results uc condeuntahonu, Accor dw, w ttc Case. 
heads of wos fave fora be cause the dew point tempera fene 4 

Gree. tec tran До, That Сз 


R= Ф Ра (70°) = (0.7 )(o. 3032 ЧЁ ) = оозе 


La fay peel er w Table A-2C€ an ы ad 





PROBLEM 12.45 
KNOWN $ Eye glasses gc DOC. ‘Brought into a dwe ling at 20°C do not. fes op. 
Е тету © Determine (2 the relathve honed a ui the dwelling Can be 55%, 


SCHEM E GSD : | 
SCHEMATIC = eti DATA, R(10°% ) — — moist air t 


CO <А le a 
(/ ЕР: 
D, Fe « Pg Cio °C) | 
MY ро. | 4 "N 
; ( 
10°C (/ 


f 
е 
і т 


Bho) 












ASSUMPTIONS: Ct) The Sy Sten, consiste of a Sample of worst air initially at 


20°C. C2) AS их. SY SHEN С Oo waa C Co» o tz ^2 eyeglasses at 10°, tho sy $ бел coo! ( 
at a Weed wux hare pressure, 
AMAL TSISE Ag tha- camplie. of moist air Us cooled at fixed Fo te | prestave, 
dua h «t pressure of he water Va po:^ remains Coa&fuat AS long аг no 
at : 
` ' ^ „ + i ina 
— fa hon COccuvtfí. That ы , conde visa h vn woul d vot octur £ t 


parhal prescure Py sahs hes р, < P, Clove ) · pu Фес.) 


Py = ф Pa (20°C) = 0.60(0.2339 bar) = 0.0129 bar 
However j at 1007€ j fa = 0O. 01228 har. Since wo L» 45 с PESAT thre да lah we hod A 
value Cox vot موا‎ Секи е ct . | 
COMMSUTS The maximom velahve homi da ts for fogging net tw ocr 1 


die ОЮ). ONE LBS GO) 
MN Pa (20°C ) 0.09131 
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FROBLEM 12.46 


HDI А fxed amount 4 oir ا ہہ‎ а б. ot | bar, Аай о ХА; Ya 
кы. FI ر‎ aad Че pera kua "Г м CD nap معد‎ ¡ po thay nas Li, 
Unk Ї the emgeet Cowdoa sa thon. 
Fund: Deteruune dU nuy tua den | | 
{4 U^ UL C^ $a d ол be nn „Р 
Co) $: 607. , co) P=FO% E Ü 


SCHEMATIC È GIVEN DATA: 





mots? air ni ally at 


f= ibar) T, Фф 


ASSUMPTIONS: (C) The System consists of о. fixed Amount of morst arr, as 
itlustrated in the 


ACC Omp An "и h ure, (2) The worst air acts at an : deal 
gas улгу hare , with eath component ad e Jo the Dalton Model 
ANALYSIS?! As long as there +s Wo Condensation , the mole fachon of the 
Water 


Vapor , Ууу Vemarns Constant. Thus, the pariat pressure of 
the water Vopor at tach state visited during the s380thermal Cam p rest on 
X Р, = Ҹу р ) where P is the cer resen das mixjure pressure, For example, 
Р = Mv Р, ] where Р, = Ibar. The Onset of condensa hon 

miy jure becemes Saturated 2. At state 2., Pg = Уу Pr, where 
Pa ts the mixture pressure. Fornu'ng the raho of parhail pressures 


occurs when the 


Ri = У“ Р, P P 





Pg Yv E. E 
ةة‎ O 
Ww hen o> 60o 
Pa = A - | bar - 167 bar. „т=з== ^^ 
Фф, 0۰6 
(whew Ф,-а4о°%, Cb 
5 = Р, = bar . 11 bar а 
Ф, 0-9 
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PROBLEM 14.47 


< м Ow sy : D аир Foleo vr c. Containing 6o% мло. лу е by л агг enters a dryer 
Operating at Steady stati. Fabric ep ti thre ек with a wot ha 
Cow wet A 6% ot 4 4TSlfh. Dry am at IDF) lah. 
enters the dryer and west airat (30°F, lata, =o wit 
Pw: 


EN De le rr ne TT Мр (о ure Кесе flow aac аш al, 4 y 
SCHEMATIC T бшу DATA; d | 


Moist Air, === 
BoF, latm, 3 
ф- So% 







Dry o, ISD F ر‎ laf. 
(АУ), =? 


Fabric in 3 Үй Fabric uii Mo ATS bh 
i GY, мозге 
9 re 5 — — — o (€ 
eR отеу т=ш= сен UC Ue eus 2 lon naass 


ASSUMPTIONS: Cl) The Control Volome shown in the f gure ry at sendy state. 
(2) Tdaet 420 princeeples apply B {lae dry and moist air Streams. 


Ам АА тс. The volowme trie {Kaur rate e Wy an can he found fren 
Kn» olov pe ол — de oor t 





a (Av): = AY) = Aaa | 18/0 | C1) 
S Т» та ÉO °K 
“з palate 


ott Raq ENa: 
The wolar Ate w ft 4% air ot Zandt muit مھ‎ egu шы Е 
А+ ^ “Na+ = Yat Na and Ny 42 Чуд Yi 4. Com binin q thoes 
Маъ > Маа = Jaq буа | = (-‘v4 | ^v C) 
L Jv4 ) ME 


Tre wolt fecha y metier e at & ماص‎ fend опис Фф ао fol lous; 
TobleA-2€ at 130% ) 


Eo > | | 
са Беу E Я P == Чуа = ®4 ha = (o. s (2.225 wt f) = 0.0767, (3) 
‘ 9 Pa 14.7 F line 


Tha vele Aero pots vapor 4 can he fund (rev an Ore ahr War — 
Be waters Tf fA. ù Ake hit Wars еее 4 Labrie plus Мо 5 


Обо Y^ + 0 = My4 x (9.06 C475 ) 25 my420.6 m- 29.5 (4 ) 
e 
s Cg 
Tw nars fowrete wm, Co he hund from a Wart! blanca mat fa кгс: 
oami a 0.94 X 41x) жу |= 1116-25 n, 


ery 
Изи МА w € 3)4 ر(‎ vos E GHS bh, Thus VN T ا‎ 
Then, ?4.Q. yi vs Xasa = Q- 6.0757 )( $5.54 /o.0957) = 4.34. < Tod 
Била, wil ga.) 
er nennen) „лш а 
(14-1 x14 wf /{4®) h 
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PROBLEM 13. 46% 


KMOWN è E lo o-f vost €A 1 Y7 initially at $o io { a man ) $: SQ 76 (S compressed 
— Eia lo Sat. 

Fred? De dernune if condeuta hon © СС $. TE 50, hnd the Qmoent Condented Tf 
not , Баа Q., 


Schematic Û быты DATA] TM 


P,2 0) 







Pei ames Фф, E 
go “F 











Onset of 
Condensabeor 


à 
* 





м ally, Ta SO °F, 

Bs latm) Ф, = $07, | / 
fina ity , P4 :3atw 
ASSUMPTIONS; Q) The system consists of a tib Sample of vrs air and water, (2) for 


tne марат phase) (dead дау wexfere princy ter apply. 


А ШАГУ 5 iS. DE ко conden ca hon о сес, ri, Pus < Pa ( 0°F ) А To check f her's ‚ wr te 


(i. Sr AP > 0.622 _Pvi = 0.622 Py2 => wi 2 Pr2 œ Pa E Py, 
P,- Py Р, - Py2 P P. f 


an, wth Ру; = Фф, E (90 °F | ) tot expression gives 


Pa (Sate X 0.50 P, (80°) ) = LS Py C80 °F) 


| a ћи 
(lw ev e, for Wo Cat devitahlien Pya < [4 j and go condensa Ао OCCC tn té Case. 
At thea hunt shia, tha Sy Sheu. consiste of e Gas p haat ( dry eic pius 
Sa бом a ed water Vepor J and 129 Aa vied Phase Csatrated Aes ovd), The pr A 











condensed is 
A veo o e = Wy, —~™va = Ma ( w, - QJ, ) 
Condensed 
where 
Wwa 0.622, Pei oen (0.9) Р E Co вт J.S (0-5073 lo Fl t) = 0.01156 њо) 
Pi- Ри p, - (0:50) 2 (4.77 — (9-50 (0.8073) J if / t Ib la 
iw, > 0.67.2. | eg ^ Obed (0.5973 ) РА 0.00724 дь) 
Pe-PQ —— (Ki) -(0:5013) (к) 
“Tne YAR S o4 wq СА 46 » Њол d A oo WM ux = ^a + "vi => Ma (Ot ад), Givens 
— Мамак ш | (b m g lola) 
— (, O17 Slo (6| tote) 0.283 
Collec hng cecalh 
Aet = 983 [0.00156 7 0.00724 ] 
Con de ne 
= 0.0010[« 10) а Е 


/2-@@ 


PROBLEM 12.49 


k NOWAL! Wolter cq. added to a vessel inrhatly con — dey air at W oahl 
the air iS vx by ated at OC. 








Fit)? De ley ہہ‎ i^o (a) fre mace cf water added and Co) the h not pressure. 
STHSMATIC € буул) DATA? 
б. бас) 
ии 
Dry ait water 
" added T 
p-24b«c mes t^c 
T= 20°C | 


n" = 0.5 m 


— 











i^i Wal 


ASSUMP TIONS’ Ci) The ущ Кенд 15 the finel tank contents. (2) Tdeal gas prmeples apply, 





ANALYSIS! (ау Since tre water ма роњ tS Saturated at 10 с at thw final 
Sha "e, M. rs jar hal PEGE UC E (Wc) " Ther 











E | 3 
wie ДИМ xus dae (0.0239 pios Yar (OS™ = 000845 к 2 
ү 7 ue . 
RIM) 514 Vim K 
(мух aA \(2%3 к) | 
(о) Бос tha overall Voce Pury E at th eet S t 
E (na + vv) RT " Na RV s. My RT 
v "C ы шы M 
Sanace T E Vde Tha's ig the реек е 
uct change inthe ep tue vv, «t + “2 | 
píocesc4 FLAS is p А Raat state > Py = Q,0t Y har 
nihal Pressure = & 
Тил} 
pz ROBY bar (5) 
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PROBLEM 14. 50 


KNOWN. Grain contains 40Yo morsture be masl enders a dryer operating ot 
Sten dy State. Dry air mee enters and oe wast air thream ent. 
bo ved SS + 


SCHE MATION GIVEN DATA: 





Mostar a Ir — — — — se — — — — 
38°C latm KO Dryarr 
p= 52% 4о°с у MMS = 15 
Grain м | 
70"C ë Odl — | 0 Gram 
46% wor тиге 
Cio wast) 


ASSUMPTIONS: U) The control volowe shoun is at steade, state. (2) Ted 
Aas Prineples op ply tv ما‎ dry At^ and wot air $ reams , 
ANAL TS IS, "lw percent Vero е НА < lee Или. у и grain u evalva led o 
а of = (100 Cruces re, neta ио асе ex tat 2 
) h С ) Бч e dA Grain Plus veo t ло eect e 1. 


Mass balance on water; 


Mass lalauce m ove air: mas = waa с lS wm. Additonal y w4 = WA Maq. So 


Wya: We Mag = walis mi). To hud We, aluti № 244 Pag ov^ 


ha = o. л. (0-066 32. bar ) г 0.03 ¢5bar ana 
bsg > 62% Py y 2 62 (6.0345) 2 0.02.2. i су) 
- Рич 1.01329 -0.03* $ CD 2) 
Thuas 
myg (6.021 туу = б. Зз үл, (3) 
Bu tha LXV مسر‎ (фол, 
Als e; TA tad Awa 5 С се 0-0) ےرا‎ чы + Ü b 
AS vnt d s ص‎ | , " 


mg = w^, E mvg bg 


Collect hg Tgr: С) р) 103 се) 


Of a 
Г 7 


panam боду = lo А 
67 vl 
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PROBLEM 12.51 


Krown: Operating daa are prodded fy a Spray diver ab Steady state. 
Dry air enters the dy ye r oH nro o ce (vu. Dried ar TY یرف‎ 
exc t the аила. Í 
EnD: Delar vua tal dea Volo hic frou <o 4j T ore no dra ar 
^ 
OG] tee ^ euo dyed por Pies exi C. 


SCHEMATIC F GIVA DATA: 


70% liquid — 


e Solid - liquid : 
^, { Ф 
З09/о соіа; | 






зо [им , 
BS , late, 622195 


D rie d А 
:772с, اا‎ ÀJ pertrcise у Y^ 4 


ASSUMPTIONS: (ау The control Veluwe Shown in the haure rs at steady, et^. 
(2) rde- مه و‎ in ples apply Te the dvo air and Worst ai^ S ели. 


AMALTSS, (а) The volumetyic diow ren И th. yg от con Le fount fran Ма. 


air:‏ ب سه 4 {Соо А-0.‏ سه )مما 
ЕТ.‏ 2 
Маз = t). => AW), m as ag Ct)‏ 
Wo |‏ 
Белл a mast ок (аиа m dry air; Маз e WA, To find Naz,‏ 
(e‏ 
haa = (А у) 8 (A v; аз )‏ 
^з RR‏ 

uv Pag = P- Риз . мохи 9 Фу, Рез > Ф. р gc o.21 (0.5723 bar )= ©. 12144 bar. Se 
Pa3- l.0132£- o.141NN* ө. $416 bar. Cow lotna C1), (2) and Pa3 


3 Са) 
B faa / Tz _ Rios E 260 ах qo 49 жас C 
(АМУ = (АМ; ( 83) E) = $ МА А Са Илл n 
АЖ, oo wl سلا‎ 
(o) Th» ^ toet чиге d pov hus exit ot 4 must eq vor +t 
par ^ مول‎ enerat |. Theta, 
Ma = б. v^, 
° Ф we гав Ww t عدر‎ t 
Since worst ® ол у WA eT 
аео ерда eee Pate eA: 


brea enting oÑ |. 


о. wn ST botana wr 


Sta. | | 
warty ee Y^ mosh, t = Wy? . Collecting av ith 
! ` ا 03 بے‎ _ 3_3 C3) 
ma 0. 9 м} 2 ~ o — 


"To rad my? ر‎ #—- е 
лола Мм) 
sus Eri. Arta, دو‎ АРЫ „оола кө 
- MV "e ў 
V3 R Te (2311 E Ge! ) 


Ther S403) Oy wee 


w 4 :(03]0274). a 77 ЕФ 
67 مما‎ in 


Co) 





12-63 


PRORLEM 12.52 


KNOWN: А wmixy ture ef wtrogen and water Vépor having a wolar analy ji 50% М2 2-076 
weler Vapor A at 200° Е, latm. 


FIND: TE the mixhare ve cooled at 


ature at whew water Va por 
SCHEMATIC T GIVEN DATA: І 


сом? fant prezive , determine the temper- 
begins to condense. 


P, P= latwe 





Че 9-9, Imot 0.2. 


v 
ASSUMPTIONS: (1) The sys fem consiste of a Fired  ewioveat of a nitreg en/ wafer vapor bag tvre, 


as iUvjveded in tune accompanying Figure. (U The "rw € acts ke an ideal фа}, 
with Gath component adhering to the Dalton mode l. 
ANALYSIS: As long as there С; Ио conden safion, the moie Frach'ou of the water 
Vopor , Уу, (емал: Constant. Moreover, as coeliag occurs at fixed wm ee pressure, 
+he. Partial pressure of the water Vapor fC mains сомии}: Ау p Thus 
Cooling ‘tutes place at constant Py , and the onset of condensa hon ecturs “at 
State ے‎ shwa OW +e ACCOm pany ing fave. The Correr бги 4 te un pera ture. 
г 4ке гага Ком de mpera hre, Th. Therefore , Py? Р =(0.2)€ 14.7 lef /*) 

= 2.9% lef] or" Tater polating in “Table A-9€ ger Т, 2 140.5° Е — — — 7 








PROBLEM 12:53 

KNOWN, А System consisting ine tially of 05 mt of arr at 35°с, l bar, $: 70% ^з 
Coo led at cons hunt Pressuve do 24°C. 

FIND. Determine the 


SCHE MATIC 7 GIVEN DATA: 








work and heat transfer for the process. 


f 






3s% 





(x 
= deis point 
> Cmperatare 
worst arr inital oom 


AL 35%, (bor, P: 7075 


v 


ASSUMPTIONS: l) AS shown fn the accompany ing figure, the system consists of 
the Speci тед quanhty of moist aw. (t) The Mixture acts e an ideal gas, wrth 
each component adhering fo the Dalton model. 


AmALYSIS: The frst Step is to defer maine whether Condensation occurs. 
ду there i$ мо Condensaf’on the 


fewams Constant. Thot, as the Coo! ng 


As long 
mole fracheon of the water Vapor, yy, 

occur? at fixed mix Pre Pressure, 
the  perh^! pressure ef the Water Vapor remains Constant until a Saturated 
м.ү ме would be attarned: PyreNvP. The onset of Conden sa Һем Mn TU'S case 
Cor es ponds, therefore ) To the dew point teupera ture. USing giren data 


Py = Ф R (35%) = ©.7)(0.05¢28 bers) = 0.0394 bar 3> Tap: 28.74 


Ас cordingly , Couwden.Satron does not tate place. 
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PROBLEM. 13.53 ( СоиКииеа) 


Sinee the mixture undergoes a Constand pressure process 


We f pov- pvo: РМ [2-1] 


The total amount of мгу ture remaing Cou t tant, Sı the ‘deal 9а: esuaton of ota 1e. 


(vei — 

PV мк Tı 1 Ms Ь 
РУ, = n Ё Te ү 7, 

“Гил $ 


ХАР = Р vil = 2] > GED Gat) r| 


With assump hon 3) 44 energy balance gives AU" = Q-W ,er Q3 XU +W: 
"The change in internal Rnergy of the System ws the fUv of the interna | Сие у 


changes of the drygair and water vapor: AUE av)at (AU). Thas 
(бо iv (o. C) -u«0n]] + "v Eu, 1-9 T) J+ w 


T. accordance 


c Ww 
5 [= -1.4&е «3 — — 
10 Num 





with the дус» с гом of Sec. 12.5.2. } Чу 2 Ug (т) From the shea wr 
Lables. Fer air Ua is ob fined from Table А-22. The mass amount! Ma and my are 


ob tained om the (deal да+ EGUA hon of State: 
my = Ру! Mie (0.0394 (o? М/ы? osm). O.0133% Kglv) 
R/Mv T, 8314/18.02 " "es k)Golk) 
Ma = Pa, Vi 2 (f - Pv) Vi г (о. % 606 x107 X05) _ = 0.54378 £g (4) 
Rima Ti Ri Ma T, (31¥(28.497 )( 308) 





Subs P Values wti the ax prs ssi im for Q. 


^ KI 
Q = X 0.54338 «gto [ 215.5! - 219-0] #3 + (0.01387) 2418-2- чаз], } М 
(-1-448 KI) А 
= т uio — 
= 1- 2.331 — о. IY 1 + (-.а+8) = 4 313 к) 
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Рговоем 2.54 


Коом: A tank У әл a Volume 4, 3v ind hett, Conturng air at (00% , 
4. 4 bert, aud $ = 60o %o . Tua tank conten h gre c»oled Tz 
@ 80°C , (b) эо ёс. 


Ремо Da termining WV each Coa fie Loot transter , 


SCHEMATIC Ë GIVEN DATA: is 
Ve зм? Ti = 100°C 
T= 100°C 
Р = 4.4 bar + т, = 80% 
$ = 4 0 fo 


e. onset of. condensation 


v 
ASSUMPTIONS: (1) As shown by the Accompany tng figure, the system consists 


of «the tank Contents, For the Sy stem, the Changes tu kinehe and potent a! 
energy are zero-«n Value.) The 92S Mincture acts as On rdeal 9^1, ui 1^ 
each Component ad hering to the Dalton model. 


AVAL TSS. Began “ч date نت‎ иг وہ‎ e conudensah nu O cccev3t dering сееш. 


Е As the total voliume of tne tank and tne totr | mass of the 
water present are Constant , the water Undergoes © constant spec ic 
Volume process as the tank Contents are Cooled. Ти Is fllusbated by 
the above T-v diagram. Using -the Adest ges egua h'on of state 
Wi = (R/My) Ti 
Pv, 
Thug , wrth data Now Table А-2 з Paz (0.40X 1.014 bars) = 0. €0S6 beart. And 


where Py, d, Fs Ст) 


. مھ‎ 6 3 3 
+ GHI FREEK) (4.2429 m? ) prem / 4242.4 ем. 
(.4056 Xo? M/ wt) KJ tong Ley J 








Tater pola hing fu Table A-2 with Vg = Му gives T= 744°C as the temperature 
at which condensation would be begin. 


= © . ; 
(T= SOC, Th TMe cate {hue C, wo coudeunsa hm, au energy Valance 
DU=Q- : padu ces to О = ov), whee U: MaualT )-+ my Uus (Tr) ) 
Uy: ma Uol(T2) + my tA (Tr) . Thea, wor fn da tn Ж Ann To BLL $ A-2, A- 22. 


Q = ma ( Ч. (Т) ~ UalT.)) + wl ug Un ) ~Ug (т,)) 


ej 


11.194 ( 2.52.14 - 266.63 ) + 0.7971 (2482.2 -2506S ) 


H 


(- 161.64) (0.19) = —-17$. t2 KJ RR. 


(b) T= 20°C Ta tes case condensat a. doeg CCU. An energy PPE ТИРИ 
E — e 
Reduces à e^ we «УТУ = о-у jon Q =V- 7, ر‎ whore 
UT = mv Ug CT) + ма Ua Ch ) 
U> mya Uq Ca) + mw, их Съ) t Mada (Te) 
Collec Hng resutts 


wheve Mw, ts the mass of water that condenses . 


Q = ma Û Ua (Th) - ualT) j + (va ug Cn.) + mwa Ug (%)- му ug ст) | 
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‘PROBLEM 12.54 C Con Кике) 


esuation of state 





Using the deal gas А 
eu _ GQ-Pu)V Let osx 103) _ 11.144 Kala) 
Мес En Е 02214 Y 373) 
R т E mn ( 2——— X 
Mo. Me 28-97 


The mass of water уо por inî ally rs 


V EN )) = о: 7011 као) 


М WM 7 qaw? 


constant Specific Volume. Proc est, the quality 


Since the Water undergoes a 
at TR rs 


of. the two- phase liquid ~- Voor mixture 


X, = Vv2 — VE 4242.9 - 1.0018 06734 


Ма ¬ М ~ 577a1- 15018 ° 


Thus, the amount of water Vapor present in the Fuat mi jare, L4 


Mugs Xa Mvi = (0.0734 )(6.2021) 0. 0519 Kg Cv) 


The mass of condencate ci 
муа с Mv Myre 0. 707l- 0.014: 0.6552. Kgl) 


Rinatlo, with data from Tables A-2 a.d A-22 


1.144 ( 209.06 -= 266.63) + 0.0514 (24024) + 6۰6582) $3.45) — 6.707( (SOG) 


Q: 
.(—644.44 4 1214.2] 4 85— 1772.35 ) = – 2237.08 КУ — — 
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3k 
PROBLEM 11.55 


KNOWN : А closed, A€$rd Hank лие 
е4 vilebriun weta |i 1 од co ater, Us heated. 


Бк. Determine (a) the fox p^ sure, Cb) Ha heat trans fer. 
SCHEMATIC 1 GIVEN DATA 


Iw Wely,S9O9C,lben + нао | 


Containing bho rstacr (n 





2с (S, S4 ba, 


SO uo u^ n 


Ра 20,4134 bar 


v 
ASSUMPTIONS: ° Tv sy stew consists of the tonk Contents. 2. T^4- Gas 


phate od bans јә і deg و‎ о-о principles, 3. W20 and kine hic Ра 
“еи ch ore absent. 


AMALTSUS . (4) 5 мсл. totar Volume u constant, ths Water pasat АД as 


Liquid and wader Vapor, under و‎ оох с. conc tout ура oqe Vb O Va process — 
as болла ыд the ceho wakue. Th stat ns хез, oe Da itm woll ù used: tm 
wetter у ope 


per occupies the Pell volume Kiled wrth wale vap and dry er. 
T^^ iwthel amounts of JA 4v^d and Vepor ona 

3 
— os 0.5 м 


3 
v P - * “у "ал ун 
al% 3.401 w/r» 


The ote Wass eb Use А vo Han Muster = 4758 | k9 CT inet S ge c(l c vo! Ww 
0.60 v (GS XIE UE By ab SX tha wata فا‎ a Tue - р 
ee 


. دما 
g 4۹1341 F3 АХа ord - Voga- илал ture cess TR 4 vols ty‏ 
-CLiSoSkió3 )‏ )3 = | 
х =‏ 


- 0.035 071 29 ves Xem = (0.0341У91.1123} 
0.41214. ~ C CS Sio" 3) = 3185$ кӯ 
“The haass e dry air ш 


| k _ муз „ 3455 
Wa, = fa, Vaas = {1- 0.4734) KIO [Ww ) 0-5 mJ 0.2541 є = 025 - - 
Ест Фзгу \( 353 €) 
а 393 


ma. 0.254 
Re are anaf ng Ep- 12.43 





= (4.846 


б. 
E ba [+ 06217. (19 er = Ler MPa 
Р = Pra |! + | a (S.S4 al — 
(о) Am 2 nergy O lane. rnsduasot fend OUA- y arbor 
"uis Mua Ug (20°C) + Mvap Ug ( 20°C) > ma Ual 80%) 
Ur : Mwater C Ug( 200°C ) + X Ug (200%) | Дд ала, Ual too ос.) Р 
ый о Myon Ча (30°C )] + 
o | c) | -jme UF (30°C ) + my 4 
— — — 
Q- (97, BAI) 850.6 S + (0-038 (255,3) | ~[ (97.1123) (99&6) + (0. (465) (2482 . 2) ] + 
(0,2541)[ 339.5 – 282.2] 
= 42, 804 — 32,804 „ту, | 
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PROBLEM 12.56 
known: A cylindret tank having Spec fied. Con terns 
moist air at Ea Condé hons. Tha tank contani ore cooled. 
Беко: Deternume ta) wheta- condensa hon occurs, Co) the Aut 
quem, CC) +b Vu oct transfer, and (d) th Chon qc Dv Cn tvo prq. 
KNOWN: А tank with a volume of 160 £13 inftrally condarns air at 200°, 80 
ЊЕ , B= ТО. The tank Contents are cooled to 170. 


FInd: Determine the hanai pressure, the neat traus fer pand the entropy change, 
SQUEMATIC T GIVEN DATAS 





Hz:6f,027f* Pn 
T =300°F : T, = 300° 
P= во T? 279. NY 
$, > 10% T 
т 5 (70 oF т, & 170°F 





У 


ASSUMPTIONS: (I) As Shown by the accompany ing {д уге, the Sys tem consists of 
the tank Contents for иисе. leve are no changes tn Efuehe or potential energ 
(CU) The wixétwve acts 05 an dea { gas and each Com ponent adheres to the 
Dalton model. 


ANALYSIS) The first step fs d determine rf condensa h'on ecturf. As the 
total volume of the tank and the total mass of water present are Constant, 
the water undergoes a Constant spec f'e Volume process as the tank 

contents are cooled ( see Tv Хадра ил), Usins the ‘deal gas e1va hon of State 


Vy = (& /My ут, where Ри. Ф, р, п.) = (.10)(66-28 lbf ) < 6-628 lbffrar . 
Thus 


4+ lbf 
Ve = (agai tb eg. 70% - 67. 5 ФРИ 
(6.640K1¥¥) tof /ft* 


Tnterpolating in Table A-26 with Wi = Vg 4 ‘ves T= 166.3 °F as the temperature at 


| UD о) 
обли. Condensatron, wouid beara. Accordingly, tuere rr no Condensah'on rr the presen? - 
Case. 

(b) Treating tue overatt ил, у АУ? aS aw «deal 445 at States land 2 

= “ЁТ > а ВТ D Р. ть > р, =- (8010 o^). hf a A 
Р, ETS 3 n — > Р, B F =) г. (а uf (бож. = Беа em 5 
(C) Tha volume of notta a У = (яр )сн) = тс (ENL ef) - (gS. Ta mate of dry 
air iS E 4 
mat RAV „ ((80- 6-698) X144] (18.85) — дарш. 
CR] Ma) T IS*s$/28.31)0 760) 


0 
An energy balance reduces tp АТ» @- € , or Q= ATU. Thus 


@ mal аСт) - Halt) Te my Û uv Qu) e CT) a) 
= VA, 


Ta tu's case, where there гг no condensa hon, the change tn spec fire intern merg a 
0 of the water Vapor can be Evaluated uting sleau, talle data ond uy X 

ua oy the adeat 941 table › Table A-23. Noting that “Table A-23E qt ves را‎ 

the prevrout ecvah'om wealid be wore tte гл 
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PROBLEM 12-S6 ( Contd. } 


Q=: ма [ Ua( T2) — ua Cri) ] t [у^] [ТЫ he | 
With data Kou “Tables A- 22E, ZSE 


Qz (IN L to7s~ 129.44) +(18.85 hase jm] 
(8.02. 


-цр.43 ~ 12.4) = -122.84 BR ö— — — 4 


т 
-—— 


(A) The change in entropy for the Process S 


AS= mal Sa Ст, в») -Sa(T, Pal] + my Lsy (л, Ра) - Sv (n, Py) | 


Where the рес Де, entropy of each mixture Component iS evalvated at the 
wi x have temperature and the parh'‘al presture of the COM ром еи Ё п the migture., 
According ta 


co го - Arv P 


AS > м | au st- E. ın Cafe 
е j Me ЖР My 


With data from Tables A-22E and А23 Æ 


ASe (441) [. 63777- . 68312 – LBG |, ses | «(E25 4630337 42343. LAG ھا‎ SS 
Ф 2897 в. 256/102 
= 0.1545 - 0.0179 = -0.17744 В+ о wo А5 





[ A Soluhon using Steam table data can also be developed. In thes 
case , Eq.) would be expresced as | 


= юл Lua Cu. )- uatr ) ] + LV/w]L u4 ст»)- u$ (%)) 


uade Eo obtained Fran Xv Sacs tables, 
4. Елћоеҹ do oves se: he cause емо ч es Carried Tr Van 4» „~ < accep me 
hoot Want far. 
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PRORLEM l4 5f | 


KNOWN’ A Gaseous haat Fure ine lu ding Саг tem vapor 
1000°F, lah. antl «ts aK 
Find Т 


entero an ex hwist pine ea- 
(00°F, latna. 


SCHEMATIC T GIVIN DATA: 


pare | 
Ке SK 44 
lof 


De ter vane 6s beat trans fer rat 4-6 Steady sh wn Sty per lo T PAO 





ы: 


Mixture { Yeo, = о.о, Yo = 0.20, Ую, = о 70% D 


ASSUMP TIONS! U) The contol 
th, Сод 0w i las =O 


— — — 
— — — 





VOLO tae Showin EN at 


тека state. (2) Forn 
and kinetic / poten hal RES effects сс 
negligible (3) POPE jas parse ر‎ ideal gas principles ale apple ca ble. 


AWALTSIS2 To beging Check if condensahon would оссо by detruuning the dow 
point temp eva fare. For the water vy entering, Pei YW B= о. 2024 = д. 44 164 fin? Think 
tea dow point fempyative а Z 141°C , a 


and to condensaheou ceo А d Occo At ov емі, f ^2. re. ee 
A Sadveaded Gas phase and saturated {д o cef, 


Nat, covoude fre gas plese = ина; Tha pachat pussure ef the water vapor о 
Poa and the mole fachon q the Cuter V eer v) we W/ (Mary y) 
i& the anoun t wa der МА por 2kitns per рило | 

A سم‎ о Д 9 C0, and M, fec loma of e رہ اہ‎ ALLY боле. 


— ست‎ ^v 
—— => Poz = — Р, >> 


where Му 
4 Фи rin Wary Pee well 


№49 о the 
Accor «914 


чл ^q 1 Cv vd 
nv \ 4.7 D Ууз 0:053 lbs LC veper ) _. 
LAM 


lomo (O1) 
Ассо! هه ر وہ‎ (2) pho wouid he (6.2-0,0533) = 0,1447 [bol (Conde asate)//b nw | (mx 1) 
ЕСЕ an ем Dekani: nb — € t€ 


+ Th 
була К. Ov p (о, | Wo, + 0.2 sa) TO The ly ~ ~ [o.i heo, +0.0653 ооу E LIONS 
umm 

Thaw , with 


Rou) h 
(1) The Steaua table 








| =. 0.1447 Tce 
and hyo) She ot) 


and Wuzotv) at © fv oua 
s and dota fr COL mt Nia from te deat Sao tables 
Gu c ue | co, (Te) - heo, CF ) | c ot Cs, 2) BE p, Cfi J + 
nil 


~ 
- 


Muyo { Соз hg )- о. 1447 бү (т )– Oz by CY] 


1 


o.i (4236 — 14081 7] + o7 [3830 — 10347 ] + 8.02 | 0.0553 (tios ) +0.1447(68) ~ © 2.0535) | 
_ 9845 — 4514.9 - 4253.4 
~ 476% Br | 
di lbomol (mixin) 
hv Ane e a dey "^6 AA LA tie 


H 














| | _ i ; 
Мише (0. i (4 €. v1) (0. 2Y1&.o2 ) +0.7 Коў. о! 1 E 27 b ل‎ 
E 
Ou = — 8756 — = — 383.6 _ Gi 
с 2-7. [о(как in ) 
WM wx) | 
l. 


Foy tre tute ing ug ше, Py, = A G4 lot fine , At tis prescure, 


of water vapor varies (Ale wth pressure and i$ че бел уллача еї men e ieu gera 


Le, 
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PROBLEM 14.5 6 


known: Steady-state operating date are provided for a compa 31 or. 
Егу. (о) Pr Vic 30.8, detruune tha exit H up era frre, Te work 
and exer deslivoctvve per vit — йы: dry arr Flowing . Cb) Plot tra 
ахои Ке of pert(a) versus ONG 15 P ee Ол tol., 






Note: Since Ta wouid be greater than T, , aS a consequence 
of compression, there i9 no possibility of condenfation, 


T= 60°F A Т, = 4 

= 147 — 2 Ра = loo б/а“ 
I" P d 

Ф, > 75%, 


ASSUMPTIONS; (1) The Compressor operates at Steady State and vrs weil 
tnsulat¢ed. (1) Cha nges ra Eine he and potenh‘al елеу effects From, «let 
to exit Can be ignored, (3) The West air acts as an adea l gas and 
each component adheres to 44e Dalton model, (4) To = 520°. 
ANALYSIS: At Steady State ма 5 rate balances give mat = мау 3 "a and 
my = Myg € Му. Using Assum phons i- 3 aw energy rate balante 
reduces ке. 

O = Bi -Wer + ( ^a ha, Cr) + wy hy Cn y] -( ma ha Un.) Avv hy б) 
Or 


W = wal hath) -w (Tr) J + wy Chytt)— ми С ]) 


су 

Mo hng that оз = Mv/me tur becomes 
Wev = (wat) - he (т) | + Gr C he Ch) - hy Un) ] Ct) 
VÀ о. | 


This applies both fr the асма! Compression and an isentopre Compression 
frown tne same гига! state. For tune (Sen tropic Compress’ ou 


EYe ааа емал op 


where Т: fs the temperature aot the ext for an генер rc COM PALSE! on. 
The acweal Work requirement can be fov d Vn the qen 
ien vopvrc Com pression aca ису together us thy Є 3. (2): 


Wey GIRLS (3) 
wo We 


To determine tue numerator of Сс. (3) requires Tit whch can be 
found in даи гера five proceduce Vin +he requirement that +e 
Specific entropy of tue mixhure dees not Change from inlet fs Cert w 
On геи tvoprc CO Ww pies on, When Sx pressed per unit Mass of dry arp ds солдон 
Lakes the for 
(s. Cm, Par) + w Sv(T, Pui) J = ( sa( Tas, Par) + Ww Sv (Ts, P5) | 


6 
E (Sa Cis Pax) - Sa Cn, Pay) | + Ww a Sv (т\з, Pvz ) — Sv (Ty Pr) |] 


co S? лур fy Р 
[sE CTs- SECT) - & in feo |, wf 50 Mis) 5001) -R I^ уу к 1-0 
oP, M. 
With values о Ta bl es A-22E, 226 «t SLOR 


x о . LIe i A | $2 - (44.911 1.486 Jo. 147 xa ) (4 
Е (sena - 059727 ават ^ M3] "Lb 7M. dcus 7 M 
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PROBLEM 12-78 C Conte. J= page 7- 


бә is found fr ans Eg: 12.43 Using fy zd Py (п) = 0.75(0.2y63) = 0.1922 Lof/i'y 
Tees 


w~ о.ъъъ ( 9:3**. = 0.622 Geet a 0.0082 16%) 
14.7 -0.1922 we. £078 





ibla) 
With thes Eq. (4) fives upon rearrangement 
(8.02 
Solving E45) iterahvely, Тс BISA . 
With hs Known ) Eq. (2) res 
-— $ 
(Se = (124.13 - 217-03 ) + 6.0081 (o 
wa !$ 1.02. 
= -аоче- PFO = -Alle St lola) 
Gavan (3) then aves 
Wev \_ “2th . -uga Bh بے ا‎ == *“ 
=> Ут 0- $ b(a) wa 
Finally) wiht Wela) Known, Eg. 0) Can be used 'derah'vely do find Te. 
Thus, Yoon rearrangemt 
= T T (“№ 
Маст) + а у (туз Маст) e к МСТ) ( Wer ) 
= ачал ©.00F2 (4112) + ИУ, 
16.01. 
= 241.35 Ghu/ibla) 
Solving this CK pret fren itera hive ly dives “Th % 787°R — — وآ‎ 


Thos — Е. dGsbuch cem ba ohuna d e СЕя/ ka) = To (Ga, /wa) , 
шам Tawis obtuned from amn entry hehee: 


(div) 4) = (se) - ST.) -È L^ t ]* 9652 0)-857(0)- R А. " 7 

v 
-o32- o sam- LE uu ise] + (0. oon) | foe -44.921 = 1486 bo do9/ n.) 
28.41 > j — 


18. 02 
0.0240 + Оооо} > 0: 02 Ft BY / [ыау-°р, 


— 
aime 


- . о , T х Br € 
Then, (Ed/wia) = 50° (0.0147 ВЫ): ТАЧ эз مھ‎ 


b) The data Lor the required plots are obtamed using IT, 4$ follows 
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PROBLEM 12.58 CComt'd.) -page 3 


ІТ Code 


Т1 = 520 

phi1 = 0.75 

p1 = 14.7 

p2 = 100 

W = w_Tphi(T1,phi1,p1) 

mdota = 1 // Assume a unit mass flow rate. 


Wdot / mdota = (ha1 - ha2) + w * (hv1 - hv2) 
Wdots / mdota 7 (ha1 - ha2s) * w * (hv1 - hv2s) 
Wdot / mdota = (Wdots / mdota) / eta c 

eta с = 0.8 


hat -h T("Air", T1) 
ha2 -h T('"Air", T2) 
hv1-h T("H2O", T1) 
hv2 = h_T("H20", T2) 
ha2s = h T("Air", T2s) 
hv2s = h_T("H20", T2s) 


pg1 = Psat_T('Water/Steam", Т1) 


pv1 = phi1 * pg1 
yv = pv1/ p1 
ya=1-yv 

pa1 = p1 - pv1 
pv2 = yv * p2 
pa2 = p2 - pv2 


PLOT 5 
1200 


1100 
1000 


900 


Т2 (CR) 


800 


700 


600 


25 


20 


15 


(Btu/lbda) 


a 


10 


E /m 
d 


— 


— 


saí = $5 ТР("Аі", T1, pat) 

ѕа25 = s ТР("Аіг", TAs, pa2) 

5у1 = $ TP("H2O", T1, pv1) 

sv2s = s TP("H2O", T2s, pv2) 
(sa1 - ѕа25) + w* (sv1 - sv2s) = 0 
sa2 = 5 ТР("Аі", Т2, pa2) 

5у2 = $5 ТР("Н20", Т2, pv2) 


Edot d / mdota = To * ((sa2 - sa1) + w * (sv2 - sv1)) 
То = 520 


IT Results for ne = 0.8 


Pat = 14.51 Ibt/in.? 
ра2 = 98.68 Ibf/in.? 
ри = 0.1945 Ibf/in.? 
pvo = 1.323 Ibf/in.* 
Тә = 894.4 °R 


- 0.008341 
(м /m ] = -91.98 Btu /1Ы(аа) 


CV а; 

T2 = 986.1°R 

Ww т.) = -115 Btu / Ib(da) 
CV a 


E /m = 12.73 Btu/ Ib(da) 
d a 


0 

-20 

т -40 
2 
3 

5 -60 

— +80 
= 

> -100 
— 

-120 

-140 

0.7 0.8 0.9 1 


Nc 


From the plots , we see that lower isen- 
frogic Compressor efficiency corres ponds 
to increased exit a Aue , power 
input, aud exergy dechructum , as 
expected. 
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PROBLEM 12.S9 


KNOWN: Most air expands iSentro Preally through a noz3 le. Conditions at the 
inlet are spee fred. 
FInd. Determine the lo west exit presse. thet Can be obtained with- 





out condensation, and dhe corres ponding exit velecrt 4. 
SCHEMATIC € GIVEN DATA: 


лү» 35°С 
бе TED Ra = Py (Ta) Е RO) fei av Py 


$309, ——— —À9 P= 100% 1 


Vj: Som pom 
E 


2 Е; 
ASSUMPTIONS: Ci) The 


Li 


^es33le is well insulated and at Steady state. (2) 
There ore no Significant potential energy effects. (3) The moist arr acts 


As an idea | gas , torth each co m ponent ad herria +o the Dalton 
model. (4) Ad the exii 4he morst a'r i's saturated. 


ANALYSIS: As the expansion IS isentvopre, 55 ~ 3,20 where 
$i = mfa Sa (m, Ya P) + mfy Syl т, Pwe) 
Sa = 
2. 


mh. Sa Cn, ча уж wf, S, Ст, Pya) 


Since Pra = P (Ta), it follows that yv Po = Pq С) or Re А сп) Ју, . Also, «e.t 2 
the Speerfre au tropy of the water Vapor is Sg (Ta) . Collecting results 


mfa L Sa (Ta, Yo Pa) - Sa CT Sa 9.) ] + €f, Sg (Te) = Sv (Ty Por 1] zo 


= ROM» = забт) Btn Ki = ڇڪ‎ R $ 
Ov 


mfal s? (ha) - sin) - E bs a™ ] | Sq (Te) - s, (m) + ee ln | > 0 





Py; 
* 8 "^ » T ИИ Н , | 
Further, with Mia = — = lt CU » “Ev = E = — , the (asf е y vation ny 
ry ba СТ 5` _ 
(sfen)- sm- Bm 474 e [s G)-sc)e È 47] = 0 о) 


With %, = 0.30 and Pq (0) Crom “Table А-2, Pus 0.3 (0.05628 bars): О. 01688 bar . 
“Too 


Pv 0.622. (6.01688) > 0.00452, rac) 


Subs bly bing Known Values into Gq. (0) 


ч 
o 2. $3 RC) ‚ [зе@)- $3551 9:317 0-3] =O 
se (n) - 72 84 29.41 É 6.01488.) ° те [ 7 18.0% J 


Р 
[ 5°(%) ~1.7284% ~ 0.287 In E ) 4 о.оозу> ( S(T) - 8.3086] = б 


Solving this eq vation iteratively using data fron. Tables А-2. and A-22, 
Ф T2 22 10. 4?C. 
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PROBLEM 12. 54 ( Cont A.) 


WX, Рур. = Yv Pa. and Py: 3 Yv P, J Pya / Pv = Ps / P, * Also, Ру» = 24 CA.) 4 £O 


- Ayia) р = [221e \3bar > 2.04 bar ف‎ — р 
б: m P; ©.01688 | 


To evaluate V2» write an energy rate balance for a Contre! volume. 
меш оу ene Moagle. Witu Bey >We 20 , and no kine Һ wand poten ha! 
energy е theets | tes feduces to 


^. | | ЕЯ l 
О t ma ha CT.) + my hy CT.) + C^at v) d ] = | “= he Ch) amy hy (7, ) + Gti) T 
Dividing by ула. and vaing UD = мли ма. у together with hy UD) Z hg (т, ) and Wy (R= hg Ta), 


8 
o» Û мат) ety) + Qe YF J- Û hafa) + езп) O2 X7 


Soi "N for ә. 


Wu. м“ he (т) - halt) + uw (Т, ) ~ hg (Te) ) 
i Зана 77 
or 
ы. [V EDGE SIS 





L 2 





l0?u -м | mist 
| kT ial 


Va 














M 


228, m/s 


l. An trerahve solwhon using table data cam be avoided us ihg IT. The results 
obtained using LT agree with the values given hove. 
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PRORLEM 12.60% 


KNOWN: A tank having a Known Volume Гага! 


0.05 Kg of water Vapor at 45° 
cooled 4o 20°C. 


Fin D: Determine the heat trans fer. 





contarns (2.3 leg oF CO, and 
C, IS bar. The tank contents are 


SCHEMATIC Y GIVEN DATA: 


Vs lm? Ta 
— T 215%С 
R= 25% i 


Mea (уку P 

my = 0,0S Kg 8 
= c 

T= 20°C ee 





} 
l 
l 
i 
i 
i 
! 
| 
l 
i 


ASSUMPTIONS: lt) As Shown by the accompany tn 
tank. contents. (2) There are no Chang es in Kinehe or potentia! energy 


(3) The gas mixture behaves af an А еа 9а, worth €oc ^ Com ponent ad heri'ng 
to the Da itn model. 


figure, the system is the 


ANALYSIS: The frst Step (S to determine : Ё Condensation 
tne total volume of the Талк and -the total mass of water present 
are constant, the water Under gees a Constant Spe Volume Procers 
as the tart contents are cooled (see Tv diag ran). The speerfre 
volume of the water IS v= beoe. kg = 20.00 м/ка ; By | - 
Inspection of Ча data гл Table А-2. ‚ Condensation wouid occur ot a temperature 
between ZQ and OPC. Accordingly, there ts condensation ёл this Case. 


An energy balance reduces to qire AU = Q -Wf er Q= OU: 


occur . Аг 


Q = Сми) + ук Wg Ch) + mwa WY CT) J— Cma q(T) + mv Ug 0) J 


lac Ue (Т2) - UO, CT. 3 + J Mya uq (Te) = wy, ч CT ) + mw Ut т) J Ct) 
z мо, we 


Te find му and mwa, note that the gua l hy of the two-phase liqvid-vepor 
им у hare of water ot the final state vs 


М. -мр  _ 20.00 -0, 001001 _ (ol 
* Vg -Y$ | 57719 -9- 0010018 0.34 


Accordingly, mya = Xa mvi = (0.2400) (0.05) =0.011у | кў. So, 20,0126 kg. 
Returnang to E41) and using dade from Tables A-2 and А-23 


(2.3 


a: (Z| (отза ~ 8377) +L (oorr) (2402.4)- (0.05) (2475 9)+(0.03209)(83.95)] 





= -чутла +[4.59 -123.@04.2,14] = TST. 


Note: In the first printing 


ef the Fifth edition, the mass of water vapor was Given 
incorrectly as 0.5 kq 


. The Correct Value of 0.05 ks. is used inthis Solution. 
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PROBLEM R.G! 
KNOWN: Steady State operahng data are Provi ded fo- a Cava lec [Co u- 
hea t exchange r hanns com bos m products flowing oe 
One nde aud wort ain Flow ing oa the of bar. 
ко Ту: Dedy uuna + мла 3? Јо rate of fhe ило: SF air SFY едил. 


SCHEMATIC с сито DATA: 








Moist Arr 
T= 60°F ЖЕ | — و‎ Е 
R= latm- Ta =100°%F 





Comb i а 
— енене: ge зне 
ee : | T )'37 9 /oH20, 74.3 76 Ds 
4-20o0*F | CAN) = S H/o 
ASSUMPTIONS: (у The coutol )ت۷‎ омиле Slown in tha Agure rs at steady 
Shoe. (2) Forthe combol value, Qey 20, Dey = O , kinti соо ее куд 
Mec Cm be 1 колан , c dct is мо (дис frossure drop m eX бз, sida . 
(3) The Comlouth ar pre ducts aul fa westa ad hane G the Dalton hodat . 
ААТ At Sd sh mass neke balanco read wal = mar) ay, > ут, 
ana Маз А4 Cor Waag). T4 follows Hat wrt, The vole How Tuc, 
е سما ؟ں ماس م‎ yo do ets Lo 


Аа = Gs. Ф): R_ (s His ierat II) o. 00544 low 
^a Rs QE Дн, (veo R) 


Radvetne an سو بعتا‎ Cate Y алла. 
Oz: Ma. | (rat wha), ~Che+ wha 3.1 — Vig | Yeon A es, ae Yo, & ho, t Чи» S ^ uot Se hl 


| ا 4 


Or, Sue Wa 


— -n3 C Yeo dco. А о, Abort ماھ ہب ی‎ mo + رہ کون‎ | а) 
PN س‎ 
L (aa - hat) + ow ( hai ^e Y] 
For ths combush ducts, 4dao-1 gao table da From Table A-226 
gives Е a м њо Na ha (520°R)= 124.27 Bt lb 
2. 












Ma (Soo R) 2 133.70 
Fru Tab A-3€ 
hal oof): 1087-7 Bk 
Ма ( гере ) = 1107: 0 B lb : 
A\So Ру т Ф Рут o-30(2Y6$ Ifl) = 


т o,o76 t4 lot 
yAh | 461.2 193.6 -730.0 -3:74.% وو ا‎ (0.07687) УК 


(i4.1- 0.07684) 
= 6.0033 


6.043 0.143 0.743 





RUZGOR) 9047 зс; 8,859 
(660%) S165 4,544 Saco 4,580 





Susertns Valuer int Epe) 


LL X (1923. | : 


(33. - (2427) «6.6033 ( 10У - 108777) 
“The tot+at vit frou Aste Todes мос kar Meam to 


vi Reyes Geer ast) а URS Шш Sa —— 
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PROBLEM 12-62 


KNOWN: Stead 


i state eperating data are provided for a compussar handling 
wors erm 
Fro: 


Deternyne (а) the relahve пои t at the exit, (6) the power ra put, — 
(с) te Fate of eu Мору Pre doch on. 
SCHEMATIC © GIVEN DATA: 








њо f асс) z[o0i*ber 
T fyz 
| boo C 
T = 20°C i 
Pp =l.o5 bar Fr 
4, = 85% 20°C 
= = ‚Зул [5 
САГ), = О 5 
ASSUMPTIONS (0) The contol volume shewn (S at 
— — — — 
Con dv o 


Steady State. , (2) For t^e 
(3) Th moist 


Kinehe/ poteahal energy есі are 094316 le. 
ол adheres {> (Seal Gat yx fuse pene ples: 
Аф Аас {© i : А the partial pressures are only Smail fractions of o. bar i5 MARS д ‘fude, 
AMA compression would 


phe haaa State in an 
be fa 
(a) Mass rate 


rensush from Tha исро deme to ele te. the chance of condensation, 
C 4:ve w^ а = WA A 


) My, тойлуу ) oF 
Dv 2. Aza Ry < fy, = d I^ - ©, 95) (0.0: 34) = 20,034 bar 
— 662.2 >, b: MM шу Ar = a) P = @.85)(0.02337/(—= | 20,037 ba 
( ) — р, - E a А NS =? Р, Р, " "4 P | (Е, 
Accordingly, Ф: бае (Te) = о.о379/1014 = 0,631 (3.7% ) 


balances reáoce 


w= G2, . Thur 





Ca) 


rr — —— 


(v) Reducing AW БЕ 


(D We, = 


rate balance q ives at far rearrangement 


a | ha+whv), e d ha + w hy ). >] T ул al ha- haz + oo Chyvi—hyz) | 





3 Я - б. ТОЛУ, 2. 
і © . EW, aw (о: zmi/s)( 05-0 оаа ) X10? Mu, = 0.368 KALA 
us EO зн TET ( X34 b^ Y 24:k) 
Vac Ё ov.) Kee < 
Wi o. 622 Pe = OLL to.o1(&4 ) д 0.02 wg) / eg (a) 
P, - fvi 


i. 06 30( 


S ксл Хала پت‎ We cond enged Phere [eb + saffices © uo: the Ada,» sax ton bda "7-64, A 25^ 
Cr the war and Table A-22. fer the Air, 


33 — 4733 ] 2280,29 KW 
We سد‎ О, 368 [373.7- 293). + Ooct2o — | 


Power inpuk = 30. Y 5 
С) A^ en Wve py rale balance ке асет 


t qe 
OL = Ma | Gar- Say) + uw сө Can) 
T a Pe 
iT, R 
= wal шетш» ыз | 4 Uw А Ст | ~ 5 Yi )- — as 


Or with &? dote Cro Table A-22 aud S^ date Pounce A-23 


| : aware 198.139 узд la D, 2] 
А л $2 1% lA Дд. ©. pm . 012. 
a 2 0.366 | (1421 ¬ 1.678 hor (e) + Ig 


= pace | 6:09 8 * о.о (0, 55] 


2: 0,022. EV _ come EW 
* К 


—— ç e CC 


l. 


Parts Ch) and Cc) «liso со uld he solved 


on Fhe basis of Cons teat speafre 
eva load at theo 


maan Фере kare y fer eco ve pue . 
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PROBLEM 12. 63 


KNOWN ? Operating data are provided for a control Volume at Stead Sta Fe, 
CDI Dedkruune CA) the beat transfer rate, Ce) en hops fProduchon rate. 
SCHEMATIC 7, GIVEN DATA 


© 
T:40*F d 
P, = {і atna پچ لس‎ 
Фф 260% 


(А v), = 2000 Јели 





O Con de nia de. 
Ty = 54 oF 


ASSUMPTIONS; CI) The control Yotume i$ at S feads state. (2) For the Control volume 


Wey =O aud kKiaehitc/pofen her e effect Ale negligi ele. (3) The meist arr 
adheres to deal gas фк «(ле ples. (4) The pressure is оил окил аб lafu .- 


AMALTSIS! Mass rate balances redece to Jive Mat = ил ду = ум.) mn vi = Үл v2. +m, a 
Thuas, "ma z Ma Car, 5s 025.) . Calcola hrs 
үт 0.622 | d Pec à; = Q2 ی‎ = 0.01826 le) 
P-P fa Ie. - 0. 4133 leta) 
re [Eh qe oe = = 0.00886 0) 
وض‎ 2 0.62 p- m = 14:7 -0.2064- lile) 
‚ AD, (AD, Goooft fmn) it 28/K144 WHE) _ њи) 
has T. EU Phar HE yeap) 4086 Be 
4 545 ы © А 
Ve Ma Fu ج‎ Ы. ор X 


Ал eur sy rate balauce. fegdwees +o 
| | j ny СТ, 
б< hey NC a Ma hae wh), Chae hs] ma he C0 
= Qe le 


Or 


С Ca eee 3 Å. 
760. = 5.55 Pii ne 
40,36[ 9.24 (54 Go) + 0.00886 (1085.1) ~ 0.01626 (1140.7) + Q,0094)(22-1) | = ы; 
= 140, T e * $ 
А л en oyy roa be ол (лисе edate с б Ae. d 
: : ч ~ Yag Sg ce У, 
O- Qy " Cu ewes) = {mu аг va Svz ] m3 23 е 
To 
Or ' i дь мл > 5 
T. - — Mev — + myr Sv2- —w vi Svi * c3 


„с 3 At fS 
At (8) the liquid is sa rated, S; = SCT). AMO t+ Vapor ‘sf Saturaledy $27 392. DO, vi 


S9 | — Е l^ Ф, ( See Sec. 12.5. 2, for deseos tron ). Thos 
M 


^ | R Pa Da BENE - R D. d, NURSE 
фу = 7 + we | (cpa te E - Ra Be) 4 wa Sgn - en gie E Dod] 


— 


le | 
( i. S14 1,4 $6 ne) + Co,00BB6 X2 1131) — 0. 91826( 2.0083 = in (0-6) 

> ر‎ F ` 0.24 ^.—— nd ; 
- Ez + 140,36) FSO 2A [4.251 ү (0.000 04341) 


mum axo ee OES 0.0377 + 0, 0004 | 


= 0,286 Bw as 


к 
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PROBLEM 12-64 


KNOWN? Operahng data are Prov, ded for a Control volume at Steady State. 
Find: Dekrnune C) the hoat tranc jer rafe, (b) +he €«tvepy Prodechon rale. 


SCHEMATICS e vs? РАТА 
(2) ~ Li EE 










——4 
— | | 
= 20°C of | +; 
, 23 © 
Фф, = 4375 — MURS ou Й — 
3 > — we... 
Av), z400 “4 | i 
| Ww | | 
f z= lat ~- — — — ڪڪ‎ = 
Ib: 53'К Сос, 


ASSUMP TODS: Ct) The Con hel Volume S hewn (C at Steady Stak, . (г) & “wr the con Tro l 
Volume Мау 2O and kine hic / pote af of eaerjy effect ore negligible (2) 7 ^. 
Vest aw adheres do ideal Gas Mexture principles. 


AWALYSIS * Mass rate balances at Steady SH read M a, = V^a3 = эла, 


WA Vi + уи = Ww V3. Caleulatg, А, => P- v, = Рут Ф, ET = f; 01325 —(p.43)( О. 02334) = ооз? bar 


3 3 „оозго N] iw? 
к: ODL AOR 4 Goom УУ loose? PI) _ 074,۹ кә у 2 = 5 20, 00465 90) 
Wat R T #314 Nim (243k ) Ww мла. 1074-4 Kg (a) 
Нд, ' “SA ESE 
| 52 20,0185 
б. з. у! (0.622 Xo.43 Xo 9233) & 54:006. v aioe 5 ee Mm 4-00) = 0.00465 +0:0062. 20. 0 8 
09332 ©‹ — = x — CEPS 
۱ Pi- Pv /-0032 “Kg la) Wa Fac 0, 01737 bar, $= 0.365 


An ener; rate balance reduces Ё read 


Oz Giy + Vag. | Cha + why), + د‎ ha (ha che); |] 





ОГ 
— 0.00465 (84 
= lo74.4 | — 20 ) x Co. ot uis ES — Ô. 0062 (2728, i) 0.00 «*6) )] 5 
14 
= (25474.5 € || kW | = 7,08 kW ; Se ees 
x | 
Ал en уру rate balance cedvcet to read 
О = Qe, [ ma Sai алми ل‎ + ми 2S) -( "a Sag е wes Sv3 ] +t, 
fj — 
b 59) — E lo 
Ü П А Y 
| Cys —Qcv 4 ma [l Заза] + myz Sz Ул Ур 7 Me 2 
cv TL i = 
Ey o C 
My : 
So 
w, (5% - £- E 49) - = е эь 


~ 


Sey = 7 Dev Є wa Guin Bg lab) + ws (азе Җ,®Ф)- 
Ы I 7 M Р 


_ B3 0.0.3 г) 
_ (708 кш) ү 1743 = (oor din 323 = gu. BED, 0.2158? ) + е. оов ( 3,4107 cH dd 


Y 00465 (0. 2166) JEN 
- Mum - LID 2.0.43) - 2:946) — KS% 
--0.0204 + (0.2494) [ o.oY2Y + 0,0903 — 0. 0562 - 0.0014 | 


T: 
2 0,0038 kW а /—- 
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PROBLEM 19. 65 


KMOwN : The dry-butlh and wet-bull feuperatures are provided fer 
each 4 fun cases. 
Ег бәй); Using 12 48 ر‎ deternu ne ur and ф for Lach cage. 
potum ИРИП ИР tg. wet- v temperature Can les uged in p lace ef tHe 
а бга фас. temperature Jo evaluate wr (2) P= | «tw. 


ANALTSIS, (а) Tay = 24°C) Teu? Ie C у p= late 
w Can be found from E4. 12.98. The value of e! fA фиа“; «к prej jo 
iS found vss Py at d^t wet bulb te m pera hare frou Table A-2 


w= 0.622 оиа = 0.0114 каси) 
1.0132F- 2.01818 kg (а) 


Sava (2.48 then Qrves with Сра > (сө ЁЗГЕ: and date from Table А-2. 


Ws Сре l Tob- T) + er Dh (Ton) he (Tow) ] ده‎ 
halt) һе (Tum) X 
2.eosgY 15-24) 4 0014 [2461.47 = -8.o* + 28.09 . 0.0081 —— 
C254 y. Y ~ 67.2) 7 247 9.3. Es (a) 


Р Eq. (2.N3 for Py 


Py = iw Р E (0.0081 X LOT bar 2 z 0.613 bar 


W 0.611 + 0.008(‏ 4 ا0۰1 





p= fe = 0013 16.436 (436%) 
SU) 0.027.989 ` 


(0) “dy = 7S°F, Tub >G0°F y p= latm 


U Can 6% — — € 4. 12.948 . Tue value of оз“ on Parry 
expression is found Using Pa at the wet bulb tempera tre from Table A-2E 


Wy! = nev [ered = 0.0110 Y (у) 
(4.7 - 0.2563 іск) 
Equahm 12.48 then 4,уе: with Cpa: 0۰2¥ 6&/(6-% and data voc Table A-LE 


to = Cpa СТ T) tol Аз Cos)-hg (т) ] 


he (т) – hy (Tub ) 


= ©.24(60-7F)+ 0: 0110Ҹ [1059.6] >- -36t 11.69? - 0.0076 lO) 
71094.25 -2808 106017 lp (а) 
Solving E9 12.9) hr Pv 
Р. = we P= (0: о07010149) о. 1774 а 


0.611 4 to 0.611 t 0.0076 


$ бы; SLE = оча (4140) 


Then 
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PROBLEM 12-65 ( Contd.) 


(©) Referring t бахе А-4 with th dade d part (a), P= 44%, 
43 = 0.008] Fg “)/ eg ca), 
С.е Figure AYE With Ha data 1 pertced, b= 42% 
w = 0.0078 Ibl) [ (а). | 


(d) IT Solution 


T_a = 24 //*C 

Twb_a= 16 //°C 

p = 1.01325 // bar 

м а= м TTwb(T a,Twb a, p) 
phi, a = phi Tw(T a,w. a, p) 


IT Results - Part (a) 


ф = 0.435 
o = 0.00807 


T b=75 //°F 

Twb_b = 60 // °F 

p = 1 // atm 

w_b = w_TTwb(T_b, Twb_b, p) 
phi, b = phi, TW(T бм b, p) 


IT Results - Part (b) 


ф = 0.4124 
о = 0.00759 
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PReBLEM 12.66 


P/O: 


Using ما‎ ps ч chro wa Бигс cher t J d ternwne 
са) P, wy hetwhg whan Tgp = 30°C, Тр 2.54. 
(b) رسا‎ haa келер wha sy = 5٥ر‎ p= 60% 


б) Taw fr u2307€6, Tu, - 20" C 
+ 


pon 


Cd) Repeat Ca) -Cc7 Using IT. 


AVALTSIS 4 Asing Ate piae ere we Ie С. — а ( p» Lat) 


са ) 


Ue) 


C ) 


Cd) 


We = 302C) Teh = 25°C 

b= 68%, c 7,0182, la + u ha = 76.3 ка /kg co) 
Tap = 30°C) P= бо 

I/Kg(a), Tob X24‏ 7.5 = ا ر 0.0163 = نه 


Tdp = 30%, Twb T x 15°С 
pt 


Using IT fe parh Са), (ь), С) 


р = 1.01325 // bar 


T_a=30 //°C T_c= 30 //*C 
Twb_a = 25 //°C Twb_c = 20 //°C 
Twb_a = Twb_Tphi(T_a, phi_a, p) Twb_c = Twb_Tphi(T_c, phi c, p) 
м а= м TTwb(T a,Twb а, p) pg = Psat T('Water/Steam", T. C) 
п а= ha Tw(T. a, w a) pv = phi c * pg 
T. dewpt = Tsat P("Water/Steam", pv) 
IT Results for part (a) 
IT Results for part (c) 
ha + oh, = 76.13 kJ / kg(a) ^s Е — 
m g = 0. 
> = 0.6706 р, = 0.0169 bar 
— ф = 0.398 
Tay point ^ 14.86 ^C 
T bz30 //°C 
phi b = 0.6 
w_b = w_Tphi(T_b, phi b, p) 
h bz ha Tphi(T. b, phi b, р) 
Twb. b = Twb Tphi(T. b, phi b, р) 


IT Results for part (b) 


Tw = 23.83 °C 
ha + oh, = 71.15 kJ / kg(a) 
о = 0.01605 
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PROBLEM 12.67 


FIND: U sing thre реч eloo ma hrie Cherl) de Her v ne 
(a) Tiew fan Tab = Bo°F Twb = 70°F 
Cb у Co y ha + و مانت‎ , ‘Tw b f Tdo: POF, pe 7092 
(с) ф ) c ha whe v^ "db с SOF, ‘Twp = 65°F 
(dl) Irae (а)-(с) чыз. ку 77 

AMALTSIS: Using Tue. (259 смео ила уле Char Б С p= | a tw. ) 


ca) "Tae = 80°F, Ta = 70°F 
"Та ам? c 65.59 Е 
pt 


(e) Т: 80°F, P= 70% 
to 2 0.018 


naraha = 26.1 Biu//lbla) 
Tw = 72.$?F 


€) Tain = Фоо Tue = бг? 


7 
P= 45% 
د6‎ = 0.00 q9 


Vat ha = Зо fh / lb(a) 


Cd) Using ТТ fr perti Са), Ch), te) 


p=1 // atm 

T a-80 //*F T_c= 80 // °F 

Twb_a= 70 // °F Twb_c = 65 // °F 

Twb_a = Twb_Tphi(T_a, phi_a, p) Twb_c = Twb Tphi(T, c, phi_c, p) 
pg = Psat T(Water/Steam", T a) м C7W TTwb(T c, Twb с, p) 
pv 7 phi a * pg h c-ha Tphi(T. c, phi. с, p) 


Tdewpt = Tsat P("Water/Steam", pv) 
IT Results for part (c 


IT Results for part (a) à = 0.447 

pg = 0.03452 Ibf/in.? о = 0.009739 

р, = 0.02114 Ibf/in.? hat oh, = 29.84 Btu/lb(a) 
ф = 0.6124 


Тагы point = 65.46°F 


ч 


b = 80 // °F 
hi_b=0.7 


5 


b = w_Tphi(T_b, phi. b, p) 
р = һа Tphi(T b, phi b, p) 
b_b = Twb Tphi(T. b, phi. b, p) 


/T Results for part (b) 


o = 0.01539 
ha + oh, = 36.03 Btu/Ib(a) 
Twp = 12.39°F 


a> = 
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PRoRLEM 12.68 


known: Moist асс SC, latm, P7 [09% b cooled at constant 

fre ssuce to (S С: 

ECW Ds Using the peychrometrre сйм}, Че terine w іла la Condenrah ол 
occurs. Tf &, find the Quount Condensed per єў of dry arr. Tf net, 
determine Ф at +s Anak Stak. — 
SCHz MATIcCAGTDA DATA: 

See Am ET 





15 °C T 57 °С 
ASSUMP TON: Fw hors Air, Чо ut $ аә punaples 2р pla, 


AWALTSIS: As lons eo hau wo condensalh'™m the mole fract'm 
of water V ^ ner, and Uus Р, remains constant during Сои Наи ~ рле гиге ceo ling: 
ev = У, p. Sine ж-о ft y and p are constant , 65. (2-43 S Lows 

Q mwn cComttant j as ο. With fee 

ae v. data, As: 4-4 U^ e Crea, < m wo Code и Qa p'u —— 
occu and Фф, 7907, . | 4 


«— — 





PROBLEM 12.69 mm 


KNOWN? S teady Sha te ope rating data are given for e. fan within an insulated duct. 


FIND. “Deter nune the temperature ana rela h ve Renu da v; at tha doci inlet, 
SCHEMATIC F GIVEN DATA: 
© ——' Nev? lîk W _ » & we 
! 72224 
ф, — $= Yo 





Bry bale temperature. 
ASSUMPTIONS: U) The contol volume shown in the figure is at steady state, 

(2) For the control volume Осу о and Kinetic [potential energy, effects ave 
negligible , (3) The werst aw adheres +o ae du — и — 

the psychrome Wie chart r$ ce be обес мл the тоолоп, {Ае Uv 

ot tet and ам (С c 

AMALITSIS. From mass rate balances onthe drg ar aad walter vopor, رتت ردن‎ 


Reducing an energy rate Юе (лисе 
e ý | Й A А 
© = 2 - Wev + mal Cha «er v), ~ Cue Һу), 1 


Ct) 


Pras | | 
(Ras TT = (ha + why), + NM ov | мл a 
Using Ф, т, J 4 ta psy chrowe hie cd t. "TRE 


Ux, = 0.0034 Kj бё) | gla) 


Оол), = 41.3 kT/Kg (a) 


Su 
ia, ОСВЕТУ 
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PROBLEM 12-64% C Contd.) 
озу = 


“Then 
26v. z 
0.8449 wifey (а) 


LÀ 





— 


ee Sar. 


and Mn Ser hing Values cn QC wb: 062 
= 47.3 ЄЗ 4 ( -13 ES) с 45.04 kJ 
o.c&& e /5 Es (a) 


ha swhy), = ка le) 
Then, using the knoum values for Lhatwhv), and ал (202), Rg А-4 qi ves 


ü 


EN 2.о°с 
ф ж 6 











to idea Í gas репрес. 
units for i^ mix ке enthalpy 


Most air ad heres 


KNOWN | 
кер { ‘Derive expresion t CA ST and Eaglish 
per Ded t of mass ос osed on Wigs. A-4,A-9€E, 


AMAL TSIS: 
ST CASE, 
of Fig, A-G rn Ўес.12.4 | nete that the 


Tornin to fue discession 
асела relahve. to о 


of thie dig air 
GU C. That ic 


enthal py rs 
daha of 
Tef) + Cpa CT- Tref ] 


ha OT) = h 
Loos КУ _ FE TU) 


Kala) K 

The ent v pq TC wa ہے جا‎ Vom oir US 
$ ne dea - burke j opera tare. A plot of Ng vs TLC) using date 
elo wet о. wear dy ‘linear Variation; with hg being 


evelvated as hy х, hg ack 


Given closely "4 | 
| ha ® 25071 +182 т(°с) 
~ Срм 
ENGLISH CASE, 
The enthalpy of fire dry ame ts deter nu wed rela hve to a ca fo и 
e ОР. Thato 
© 
ett) = Set Teg ) + Cpa Шей, 
0.54 Bre Е TESCO 
lo: Piè 
data aa Teas A-2E,6E S Lave лак nearly 


hg vg TOF) Using 
wrta hg lai ng е^ cle se9 ^e 


м (6L O.444 7T (°F 7 


hg x 
Le v 


Plo Hang 
EENT МАК айол, 
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PROBLEM 12. Tl 


KNOWN: Five cases ore provided Tor the Сои Кол of tha veorst- aic. Steam 
entering o^ air- Conds honing System у together with tha 
Constvaints thst the axih ng moist -ап Streawm most sahe f y. 


FIND: TA Lach case. develop a schematic of 2q Vipm ent and 
Processes Ly ev See. 12-10 +het would achieve thre 
derived result. 


SCHEMATIC € GIVEN DATA: 


































































































































































































Фо, 
0 
= ©, 
(a) T= 30°C, p= 40 Yo (ê ES LA 9 
b= 60% паа & 
o аак 
Cb) T= 17°C) 709 .028 
eC) (= 28°C | P= E 
4) Т2 15 C e 4048 
Ó 
d 220 
е) Tz 27 c, c 0 . 024 
v > /\! 
A 
4 "m 
"d me ‚022 4 
Qa d 
AN NLA 
* 80 N .020 & 
; | Nd 3 
d LAK d 
oY VN UA S iv 
S MN A LM .018 ~ 
% 0 ES b ETA] Ы 
С” й | 2 LAN 8 
S be ГАА MZ М oy JN б 
a e BM AS eee! Sas е? wee 
о “хуД УА Д Є 
4 % КЫ 7 КУРА ТЕ ГУЫ " 
"4 RO 2 * mw самала iy za. 2 
К SN Va ISR РА 9 
2 Y а Py LN LIKE 2 
$3 č | RCT} Сана : 
«Y 0 К: * LÀ і SE уе Ж 
e УУЧУ М 
d ED МЕДА АИ w 
ми iY eee эм = ` 
Б E * NOS ON УКЖ АЛУ „010 Э 
0 — D— E 
: РР E 
SATA SELON. 4 
TRISH : .008 
e LE LS K NI | 
ib DELIS Me b. 
SDS а: 
Y v M P» 006 
by SAR m 
оңа, s 
о DONE e: I .004 
Ac ` 
=e = T іе 
: S .002 
= ы 
PRD 
P SSNS 
CRORES . 000 





30 
Dry bulb temperature, °C 


ASSUMPTION + The principles o fec. 12-9 arte app [rca ete. 


Ай СҮЗ: 
(a) Cooling at f xed moisture, 


(D Cb) teat no at xed waor Share, 
(€) De hunnid г frn; followed bu rehathng FAgure 12.11, 


id) Heath and hone di Fagin ` Agure 12.12, 
(e) Eva pora hre — . Figure 12.13. 





|. "The attevnat ves presentedare hot риа only ones ho 
ves ht ke considered. Depending on the conditon at 
the evet | other Processes can he Propoced. 


l 2-*X 


PROBLEM 13.79. 


K Now: S state. opera ha data are provida d for aw 


air-conditioning Sy Sten. as € Loum ѓи Rs 12.1]. 

ODeleresae la) The energy AQ Lroyre d 29 Laat transfer бл thw, 
de hun d. hec tec h'm, in tons, (0) مس‎ ы ийй? у, ad da d э 
heat auc fae с the bea hing secha, w RM 

SCHSMATICT, Ciuro DATA: 


tub: 


Ts 26°С. (D | Ie @) 
Фф, = 80% لے‎ + —L—» Б | h= 26% 





— t ⸗ 
= SO 
(A vj: 0-4 Te | Paz loo% | fs Ж» 
| piot - 
Sa ra ted at 
Te 


26°C 
ASSUMPTIONS: CU) The control volume Sewn fn the Ng ure ts at ٥ tea dey 


State. C) For +e Control volume Qey -0, — =0 / ans Kine hc/ porca tiet 
419745 effects are "CU (ble. (3) ре late turous iout: (<) А+ ©, 

P > (оо% АР @ +he в ш За ога {есі ot ® The mert ain es 
ило 4а 124 as nn ddant gas wuy hare. 


AOALTUY Since ves monture ы addad uv алела us Ha boting 


Se cf ^, w, = ج یں‎ v Ала CM Va loe > C, Ove. w 3 Ce Ёма. found 
Ху fo. Au psu chro мла tic C Wet ر‎ om * 4 Ca leu lai mi 


8) (0. | 
Ww, 622. Tvi Г wm 1622 Ф. . (0.622) © )(0.03%3) . 0.017 


Р-Р. Pi- Ф, P41 ботъг— (0. 80003363) 
Ф > P^ [Рац 


We 


v 


(o. ez Xe. SX 0.03161 ) . 0.0105 
Lonely- (0-5 0.0826?) 


— Wwe = ИЈЗ, owed Tre Vette frre Us satra X d. at © 


Bee Se (o eo (iore = 0.0166 bar 37 TS SC 
w4 0422 ao *0. Gt 


Alsu) 


NV ( 
mat ENN Êv), fat _ ©.47 8s )( o 3€ 63 KO m 


Var (& \ Te С Е — K) 


¬ 


20.54 824) 
SE 





сә = Bey + Wa Chapt hg] = mal hat wa hga] 7 "а Np 4 
+ У A : ~ Way, = VAY. 
alae. pr watr Udo myz vot WS =) ма 2 t 
fe wan 8S T sl, Aye) 


So 
Qo, wa [Ras - hai) ےسا چ‎ Маъ ¬ ©, ha | س ۾‎ a) hee | 
ey ^ 
WCAG d.e. dro. Ae aw T hho. A-2, A-L 
Bey = (0-S) ) [@#®2- 2.44.2) + o. 010у(252.4) - о .017 (2594 ) 
S 


+ ( 0.617— о-оо) 2241 ) 1 — 
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PROBLEM 12-22. (Cav vau ed J 


dU tu 
шара 26.9602 4233 + o. 41) - 
Qey: 0.54 ( l 
= -14.78 ЕЗ 
S 
Thee 
cos = - 4.2 tons РОР СЕРЕ ыыы а 
tT | — = А 
Qey =(- 14.72 3) lI — им и 








(ө) Я Aster h eLa rer fa- Cem bre | Vol оола It Ata Фо 


WA a l (лаз — aa. )- C (^44- ^g 2) | 


Qw 


— ZY. 
= (os кя Kgl) ( on 2) 4 o.o1os [25*1 y? i]s, 


bes kw 
vege 








(оу) u + ا‎ JO 2 | 
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PROBLEM 12.47 


known Moist air enters o doct witha ua. masse ftw (ЛФ СА. 

and ts cooled at constant [Attar to a Apen fied temperature. 
Ёоо: Using table data, de фл ne (а) дайы ve hyumrdh at te 
duct alet ans Cb) tha Nery beat trans fwy. CC ) C ل‎ tbs ron oa A Ux p arts 0, Co) 
Using T Psychvomedvic Cie. Cd) Creche + e coU parts Са), н TT, 


SCHEMATIC € GIVEN DATA: 





ь<\оо°/ : 


І Т = CF с 
Twy ~ OSF l 


a- 


mz юм) 





+ 
ASSUMPTIONS: (1) The Control volume shown n the accompany ing fi'g ure operates 
at Steady State wrth Wey =0 and nes lisible kinetvc and potential energy effects. 
(VT) “The worst arr adheres to deal gas miy jure principles. (3) The wet- 

bulb temperature an be used ги place of Tas to evaluate сз. 


ANALYSIS: (2) To л Ф, ) Arst evaluate ur, virng Ess. 12.52 and 12.53, Thus 


w'e 6.672 fa Ue) - oem ( M) =- б. 0146? Eta) 
P^ PalTwh) 14.636 - 0.314! 
ond 
w = o.24 [69-81 J+ о0:0:464 (005713 _ - 0. o14 tolv) 





lola) 
1047-3- 3609 


Solving Eq. 12. 43 


№. = св. ©.оичу (4.676) = о. 2645 lef 
= TR 


0-622 + ен 0-611 4 04¥ 
Then 
‚+ Be Oet. ада (48.9%) مص‎ 
f (82°F) 0. Y N!Y 


(0) Ве фсе applying an energy balance it is necessary to determine if Condensation 
OCCurf Upon —— Usin Py; ) the dew point de mperatare rs A 61°F - Accor dang , 
no condensah'on tokes place. А+ steady State an energy fate balance reduces fo 


О = ee AA Ca Ма; = wavy hv J = C Ma Mant wy hye | 
or | 


Oey = ma | han- har) + wl nga- has) | 


Tha etl mars flow rate is ул 2 Mat ^y 2 ма (02 ол). Thur, Wat v^ / Crew), Fo 


Gey = — | Gar ~ha,) + w Cha har) | 
= (2 جر‎ ( | o.34 (€1.- 2) + ©.0114 (1088.6 - 10473) ] — 
[опу "^ 


GE otn Decet E — — 
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PROBLEM 12.13 (Cont d.) 


(C) En the PSs4chrome tvc C wet (ОФ ma үкен an | 
Px So% . Also ر‎ the Parse үз Asta, balancer d fers 


Fig. А-4Е gives (has whe), & 27-3 Bhlo) and (has шй), 


VE а — куты аар Ан 
i hen [ \b 


(A) 


Ge, s E [Ga eh - (ha + kg, ) 


/T Code 


Т1 = 82 // °F 

Twb1 = 68 // °F 
mdot1 = 10 // Ib/min 
T2 = 62 // °F 

p = 1 // atm 


// Check for condensation. 

Twb1 = Twb Tphi(T1, phit, р) 

pg1 = Psat T('Water/Steam", T1) 
pvi = phi1 * pg1 

Tdp1 = Tsat_P("Water/Steam", pv1) 
// Result: Tdp = 61.03°F 

// No condenstaion. 


м = Ww. TTWb(T1, Twb1, p) 
h1 = һа Tw(T1, w) 

h2 = ha, Tw(T2, м) 
mdota1 = mdot1 / (1 + м) 
Qdot = mdota1 * (h2 - h1) 


[Т Results 


h; = 32.24 Btu/lb(a) 
h> = 27.34 Btu/lb(a) 
о = 0.01148 

Тар = 61.03°F 

т = 9.886 Ib/min 


$47 0.491 
Q =-48.39 Btu/min 


CV 


— — hh, 
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«4 —— — — e 
Qey 


^ 
^. 


Fig. А- Е using T; and 
yn. 


32.2 G^u//b(). Accords! 








PROBLEM 12.74 


KNOWN evaking date are provided for a dehumidifier at ste State. 
EIND: uc gable data, determine (a) the hect transfer from the moist air, and 
(b) the amount of water condensed each per kg of dry air flowin ^j. 
Check Hue results of gem (a) л Clo) using (c) the i ic 
Chart, dud (д) using IT 


Sctematic ¢ GIVEN DATA: —æolng сой! 


l _ => гет еи» — ~ 


T35% | i | Saturated 
Fala — سے‎ — air at 15% 


$,=50 . 





сол белае — Sa rated liquid 
at ISOC — 

ASSUMPTIONS: (CI) The contro! volume Shown in the ACCOm ра n ying frasure P$ еф Steady 
State wt eh Wev =O and nes lis, ble effects of Ernete and Potenhal energy, (2) The 
morst air at 2 îs Sabrattd . The condensate at? rs a уа Мул Fed ls ovd. 

(3) Pressure remains contdan d throughout at latm. 

Awarrsis,(a)At Steady Stade wass rate balancer Give Waq: Ware a and 


my = "^v + Www . Thus, the Yate Wwater Ut Condensed per vni t ^а! of dry avy oS 





$7 


* > W, — W. C) 
Tofind Ww, ,use Py, © ф, Pg iT) = =(0.5 ) (0.05228) = 0.02844 bar. Thew 


0.02814 Касу 
9 592 [rssiscoorma] * 7 den 


Since the moist air is satuvated at 2, ру. = f (Ta) = 0.01705 bar, and 





0.01105 
> .6%2 |—_——__—_—_. | = р. _kstv) 
We n 01325 - O,0v105] 7 — Ка CAY 
These values are closely the same as obtained from CJA 4. Substituting into Ez. CQ 
Mw = 0.017797 - 0.01065 = 0.001171 kg tv) My 
Ma lea Ca) "a 
A+ Steady State an energy rate Valance reduces 1 
0 : 
02 Oey - Wey + ( maha: + vı hv | = [a haa + уз uva | - vw hy 
Or, with Eq. (1) 
Qe r^ C aic ha, | + وس‎ hea— o», ngi - ( w,- Wy) Мз (2) 
wa 
Witu Cpas 1.005 kS[ re. к and dade. from Table k -2. for water Vapor 
Зы = 1,005 [15-35 ) + 0.01065(25 26,9) - 0.011717 (2565.3) + 0.00717 ( 62,44) 
¢ A 
= -20. + 26.93 -45.54 +0452 2-38.31 — ا‎ 
air Ma 
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PROBLEM 12.44 (Сом4.) 


(c) In the pychrometne cha 
the form 


From Fig А-4 5 (ha + whe), т 80.6 k3/ kg Ca) ona Cha tuo ha] 


(A) 


Q 


row = (hat wha), - (hat hg), + (W.-W) hr. 


rt solution , the energy rate equation , €32), takes 


kT/ ka Ca). Thus‏ 42 = ر 


Q 
لیا 38.15 = = .0452 + 80.6 -242 ل‎ 
Ma Me 





р = 1.01325 // bar 


mdota=1 // Assume a unit mass flow rate. 


w1 = w Tphi(T1, phi1, p) 

w2 = w_Tphi(T2, phi2, p) 

h1 = ha_Tphi(1T1, phi1, p) 

h2 - ha, Tphi(T2, phi2, p) 

psat = Psat T('Water/Steam", Т3) 

h3 = hsat_Px("Water/Steam", psat, 0) 


mdotw / mdota = w1 - w2 
Qdotcv / mdota = h2 - h1 + (w1 - w2) * h3 


IT Results 


w1 = 0.01775 kg(v)/kg(a) 
w2 = 0.01066 kg(v)/kg(a) 
h1 = 80.66 kJ/kg(a) 
h2 7 42.02 kJ/kg(a) 
h3 = 61.93 kJ/kg(a) 


; m мы 
m Im 0.007085 kg/kg(a) «4 —— —— س‎ 


J /m --38. س ليإ‎ 
m 38.21 kJ/kg(a) 


PROBLEM 12.45 
KNOWN: Steady-state operating data are provided for a dehunud fey 
Finp. Using table data, deternwne (a) the Ла. 4 heat trans far fran thre 
morst air, Cb) j^ Asks. water is condensed, Сс) Check лро ААД using ter 
pracwvovetvic chart. Cd) Chock Asa ult urng TT, 


know: Operating data are provided for a dehonrd? fer at Steady State, 
FIND: De dermine the heat transfer from the moist arr and the rate 


water v condensed, «n tont and le/s, fespech velq. 


SCHEMATIC © GIVEN DATA: 
gow وم‎ coil 









Mz ПЛ A 
Ew 
— | i ) 
= Ss m کے‎ et Saturated mort 
Bilate — — oic at Тус 50°F % 
2 
$, = 70% | — —— 
© ®© © 
Condensate — Sa tvyated 
T. T 


lig urd at SO of 
ASSUMPT(ONS: Ct) The control Volume Shown tn the accompany rag F's ure 
is at Ste edu State with Wey 0 and neg lrg: ble ed fectc of Einehe and potewtial 


energy. (a) The worst arr at 2 FS gatvrated. The condensate at 2 rs zal- 
ога ted liq urd. (3) Pressure Yewmains constant throughout at (ам. 


AWALTSIS: At steady state Wass rate balances Give Wart mwar: Ma and 
My, > Муз + mw. Dhus, Jhe rate Water гг Condeuted per ом; Ё Watt ef dry arr rs 
mw = Co, = Uv. Ct) 
wa. 
2 
To find Gr) woe Pye Ф, Pq (T1: 0-7(0.5073) : 0-355 lof lin. Then 


Ww, = o oze | 0-385 _ б.о 100) 
14.696 - 0.3831, | ˆ о C& y 


0.780 ) 
_ 007 lo Cv 
Wy > Obrt [ IN. 636 - O-1 750 | = — о Са) 


“These values for Ua and ly, are closely the Same at ob tur'ned frou. F9.4-9E, 
Suoshivhing inh Ед. CI) 


^w. 0.0159 - 0.00765 0.0078 ње) 
Wa. ФС) 


A+ ox inlet кл |> луу a, = Ила, (lt). 9 чөе 





wai = mi = J tels = 0.8٩ Vo a) 
it ر‎ |. OY S 
* А 
— – ibla — 0.0077 Шш ——— —— (b 
ww (0:078 tC) l( .ت‎ v Wee J| =o ч (b) 
Lola) 


At Stead. state an energy rate balance Agdocer with fo - Ct) +o give 
(2) 


Ge т (har-he, ) + w, hear — Ghar + (W-wa) ht3 
wo. 


Width Cp= 0.24 $^./[b-?& 
бем . 0.24 (50- Во) + 0.0076 (1093.3) = 0.60454 (ı464 ) + 0.6078 (18.06) 
“ qo 823 — UW. BK O. = 15.71 [354/75 (a ) 


Get | 2-464 Њи æa (a) 





Tha) 0 | T 
Ра [— 15. 18 ‚а > mle] —— | 
Qey = > `7 — Ile t EJ Я 200 Glo Pv 
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PROBLEM 12.325 ( Contd.) 


(<) 8 


g spect on of Fig. A-9E 
36.1 Bry tbe) ,; Chetuha), = 
mw 


nH ы wm- ше ©. 0078 190) ure афо well with the table 


ооз = о. 0076 , Chae whe), =‏ )0.01557 9,3 ر 
to. Вһ/1ьса). Thus, Є4. С) уа‏ 


а) 7 


fsoutsc . Сале е о ng Е4.(2у to ^d 


С 


u 


Cha +whs), - (^as wha), + lw,- Wa) Мез 
= 20.2 _ 3G.| + 0.1% = – 15. 16 Bh le la) 


Tuus oly ayan with the toto nout, 60 ауес еф. 


Cd) 


IT Code 


T1280 // °F 
phit = 0.7 

Т2 = 50 // °F 
phi2 = 1 
T3250 // °F 
p=1 //atm 
mdot1 = 1 //lb/s 


w1 = w_Tphi(T1, phi1, р) 

w2 = w Tphi(T2, phi2, p) 

h1 = ha, Tphi(T1, phi‘, р) 

h2 = ha Tphi(T2, phi2, p) 

psat = Psat_T("Water/Steam", T3) 

h3 = hsat_Px("Water/Steam", psat, 0) 


mdota = mdot1 / (1 + м1) 
mdotw / mdota = w1 - w2 
Qdotcv / mdota = (h2 - h1 + (w1 - w2) * h3) * (60/200) //tons 


It Results 


о = 0.01539 Ib(vy/Ib(a) 
o» = 0.007624 Ib(v)/Ib(a) 
h; = 36.03 Btu/Ib(a) 

ha = 20.23 Btu/Ib(a) 

hs = 17.67 Btu/Ib(a) 


m = 0.9848 10/5 

m = 0.007645 Ib/s 

Q = -4.628 tons 
CV 
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PreoBLEM 12.76 


KNOWN: З tency -shk operating data are provided fran a'in cond doner 
uan weosture iS ANenwved from ta weist arr, which ea then Као Ха . 

Emad: De феса (a) the Kwyperature of the air exiting tte dehunud fer 

(5) the vetu vs Wee fw Ast at مم‎ ad condi hon ec inlet, сс) +a 

ate wate o condenfed, and (d) ths nate of heat trans fv- То the arp 
Passings thvouch Te Кек} Vint. 

SCHEMATLC GIVIN DATA 





Cooling 
coil , 
l A Heating 
бе | ee с 2 — 
| | 
| | | 
Moist air ! | | 
1:286 vy [Qez | Т2<Т| | 
y=. am] = ii tons | @ «6 
La Tt | | 
& -10 А | | | 
| | | 
| | | 
| j : 
| » | | 
Condensate — 
saturated at Т, T, Тз Ti 
(Dehumidifier section) (Heating section) Dry-bulb temperature 
ASSUMPTIONS. |. The Control volumes leu. are at & پىل‎ stale. 


The coi: are «iX contol lumens басбо&! uo radiy dist 
sechms. 2. Fiv лас. сел. оі Volumes, Wey о and Poe Ord potentior 


eum effects Can b Mu fete eatur Tas . 
T^ [ ere Lana qu E Turm dumm m 


a 


Ама счас: А+ Stead y STG , mast fate balanco „AV Mal = maz = maz 2 Wa 
лу = M Ww + ^v) мл yz = үз. кеген бә» c ч? J and С 


mw 3 Ma (о, Ww) = Mal w, c ws) C ) 


Using رده‎ W3) 


о.га | ao? - o.22 | i | = F4 С) Рез 


P- Pa Ta) p~ Риз 
Whee Физ. Ф. Pag с 0.4 CO 924 $$ her) = ©: оп aV bar. Tempel Ахи (a) 
w TA А-2 wih Ра Te) = 0.01 SY bar Y— - „9۰6°C © — — 
Tun, with Риге P, Pay = (6-3)(0.02282) = 0.02 6¥ 7 bar 
CY E 3C) UJ 0-622 — = 0.007511 
Go, = 0-622 о-о? |. о. оге: po 4 | - 0. ou 


1— о.о Egea) 


Am —R — UTR vw. me de h vma фі ерле. Фо 


О -> -— еу = „м + Cura bar + "^vi hve l- — C wa har + wvzuv | — мА йч” 
о> Qey х Babar tor им) s Lhat +w oe malis = wa) h E, 
he Ww 2 
1 h \ 3 
O= Qoy + Кы бай) e Va — weha2 — (w-wa) иә. 


Cpa.CT; 7T.) 
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PæoBAÆM 12-46 C Cord.) 


оло 


Coa (7 -Т,) + w, har = (42, ngi b (w - Wr ) ES 


211 «d ў 
(Cut tons ) | ® шен 





[ 1-о05{4.6-2®] + 0.007516(2519-06) - 0.0141 (22.6) + (0.0019) (40.33) ) $ 


ET 
e$t) 
od. K3) [иси 
The volumetric fow rek at | v thin 
| TZI t. 
CAV, = "aac Wa ETE = (sn e) (sis ere) GE), agi o 
CB - &4) min | (0.94353 K105 M[ м“) min 


i 


Using е.) ر‎ Y^ X watu Селена C; 
ww: (59-61 )(0-0161— 0-007 CIC) = О. SIS 35) 
A 


Коен, an € “эму nek ly lance on tye hastens geo fh ہہ‎ Arey uy 
To yur 


Qey = wal Фаз- har) + wgl haz- 52) | 


4) 


$Ч.51 [ (оо) (a4 -3.6) + 0.007516 (2545.4 - 2517-06) | 


= «04.1 کے‎ 
Мад У 
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PROBLEM 13.77 
KNOWN : Steady - state operat'ng data are provided for a Compre ssor 
followed Б an aftercooler, 
EMR: Те але (a) tr HI 6 hoat transfer fron the co sser to 


Hx surroundinn, (b) the mass How Ла. the Condensate, te) + 
Cate 4 boat trans {= frown the moist ain tothe re Frige rant | 


SCHEMATIC ® GIVEN DATA: 


Refrigerant circulating 
in a cooling coil 








Т, = 400°F 
рз = 100 Ibffin? 
2 
Air-water vapor 
mixture 
T, = 100*F 
$4 = 100% 
ру = 100 Ibf/in? 
Saturated 
liquid at 1007F 
Power in | Heat 
—Do «| transfer to 


15 hp the surroundings 


Atmospheric air, 
100 ft/min at T, = 90°F, 
¢, = 7596, p, = 14.7 Ibf/in? 


ASSUMPTIONS: (1) The compressor and aftercoster operate at steady state width 


negligible Change; fm Ervet’e ond pe tentral energy, (2) There re “Yeo stray heat tran- 
Sfer between rue aftercooler and ids surround ‘ngs, 


ANALYSIS: At steady state mass rate balances On Control volumes enclosing +he 
Compressor and aftercooler give Ma waa: Mazz ma, ^v v^ va.) Wye = Ma ^w, 
Acurdingly, ls, = Wa and Улм аА = (uso - Wa) = (uy, - w3 ) 


Te find ©, and Ag , Рис Ф, Byz (o 15 X0. 6195) = o. Sa н ТЫК and Pes Ф Роз? 
Paz 2 0,2503 tbf int. “Thus 


6.3 m3 - 0.00 $47 WC) 
bo, = MIL i C) 2 3 въ - 0.4 3 bla) 


The macs flow rate 


ef the dry ar cm be evaluated using the volume hire 
4 low rate at \ and 


the cient gat eg vation ef state: 


34... 
Б (AN? . PC Av), Е (64.3- 0.52 491)K44 lof/f4 ] Cio £f Join ) > 6.96 1b (a) 
"ne Vas . RT —— 1541/2497 $t- bf/i5.eg )( 550958 warn 


The mage 4- low rate of cond е „сае rs then 


| ) А 27):0. 1186 سگ‎ 
mw = wo ( &, — 032) = 6.26 ( 0.023 0.00597) 0 CR Co) 
Aw energy rate balance at Steady state fer a control vo lume 
Cueto sing the compressor gives 

d= Gay Wey + Lahar Ioh) = Lita hart куам] 


or Oey = Wey + ma [Maz - has) + w, (hyr- he) ] 


wada feu. Teb A-2E,22E€ “nP “| | EE 
` 2515 Btu/h |] ih ibla) A6 - 12) Ne) 4 0-023 (Ito2 - 1100: 1] 85 
Ges Cis) | AER) | | оле кае | 


i ^p 


= ~ 63625 - $3&22 = — 48.03 BY ^n 


cj 


Ca) 


(2 - 9d 


PROBLEM 1а. ++ С Contd. ) 


the ofteycooler ‚ bat excluding due refrigerant line 


Aw energy rote walance at steady State for a conto! Volume Cuclosrng 
e 
Cs 


Q ev - Nev + Iss haz + mva "va. | = (a Мау + wa Муз) — м 
Tuus ر‎ with hy & ng 


om Qey > Wa | (ка. ha; ) + we ^41 — о; 51] - mw №4 


" 


p 


a 16e 4e ~ 133.64) + (0.023 )(102)) — 6.00597 (wos) t = (o- 8$) (єго) 
toU 7264 ATES (eol ~ 2.04. 


e 435.74 Bha 
Yah 


u 


| ~“ of re деи Н on = 200 В+ min ( Sec. (0.2.01) . “Tums 


m NS (o 4:74 BR 


үм л 


| don 
Amet redes 





12-100 


PROBLEM 12.78 


KNOWN: Operating data ore provided for an air condrh'ener at Steady state , 

FIND: Determine the amount ef liigud water injected and the heat 
trans fer rate, each per Ib of dry arr. 

SCHEMATIC È GIVEN! DATA: А 





Liquid water 


at „= 45% 


ASSUMPTIONS: CI) Thecontvol Volume shown sn the accom pan Un fs ure. 
operates at steady state wita Wey 20 and Meal gible effech of Krueat and 
Potential energy, (2) The liquid water enters aj &«berajed гаоч and 
the west air sheamsye «adhere fo ideal gas mix pure Principles. 


AN AUCTSIS (а) A+ Steady state , mass rate balances give Ma? Mar = ма, 


myi чо mw = WY. ^ cer wa lu QT rate бои ts injected iS 


M Ww = myg- Mvi = W^ о, (W,- ш,) (1) 
To find œ, and t, > Pre Ф, Pa 0) = 0-4 (0.178 tof (rut) = 0.0712 lbf/in" and 
Pua $C = 0.4(0.6488) = 0.2145 Ibt/in.? Then 


5.0112. ым) 0.2145 
42,2 0.622 | ———————— |> 0.00 JR) шу = 0.622\ =—— | = 
| in [жа = 0.0112. ae a ui 022 ac os] е" 


То get Mma , 456 үл, = (AV3 / „ with the ideal gas equation 








dae CPI Pug (АУ _ (4.646 ~ 0.2145) LÉ (1000 fv) | 144 in? 
д ЁЎ а — — — — — 
RAT, inv FUE (90+400)°R l е 
| 284" \|b-°R 


= 70.11 lb/min 
l«sect LY values int Cr) 


veu = 10711 (0.01206 = 0.00303) = 0.639 Шіл ш т, 
(b) An energy balance ot Steady state reduces to give 
: C. (. | ‹ T 
Os Qew 7 Убу + haha, t My, v, | + Ул m j Cs hag — hva J 
Q 
With data from Tables A-2€ amd A-22E 


Q., z (10.11 de | | (31.46 -(21.88)+ (0.01206)(1100.7) ~9.00303)(1083.3) d 
— (.634 (12.04) 2 
Y^ \м 


= (1376.8 Bu. 


bo mw Р 
=] EY = 8.26 Ato Bla lh «4 —Q,, 


ое 


с 


= а | (has ~ha!) + و وما ود‎ ~ C ha] Nn س‎ 
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PROBLEM 12.74 


кю оик: Ann er - cond} mihg Sy Ste A opera hay at stea de, State consist t 

o. Spray echon followed bo e. Аз water., Moistamw „д <ь°с,ф-77% 
enters теру Stein Ome ра site, throu tte Spray тесто, 

ех. hng Satvrated. The rect air v tre, heated at fixed 

we content © 290062 4y7 
Delaruuue la) tuo toner. bare tha. west aw- leaving tha 

Spray sechim , (0) the change wa tha amont A watr Vapor 

Cow ined vx tha mo'rt асы oos Sieg throu c. مہا‎ зу Stu. Coco. ts 
dus prae poA S bte: m awa Prychrometrre chart. 
SCHEMATIC 2 GIVEN DATA: 


(р SPreysection Gy heating С) 


T3299 |! | | | Tes 29 
( 32 
Sara ted 
— 


" 
C 
g 


| 





EE RENE 
P7% | | Mh 4s% 
| \ —— 
DRAIN 
4 


ASSUMPTIONS. U) Two сол мо volumes at Steady State are Under consideration: 
One enclosing the overatt system and one @uctoting Ha hea ting rechian . 
CQ pstete Meere a еол < (3) At 2 tte vest aic o со tors te d. (4) Teak 
Gas pring ples apply te Hae worst are. 


AMALTSIS. MAS ^o wosture is added oc na weved Avo the beak ng тестом, 
Ga = wg., Tó find w3 


Е Per. ` % Раз OLL (o.4:)(00316)) _ = aud 
07. 2 0-622 fo. O. A) 2. 1 оз eas oon) 0.0089 


Р - Риз -Ps 3 


Tha и Siua the worst air v Satura led at 2- 


w, P m (о-оо 84) hogz) ~ 0.0124 bar 


4 Oorl Per < 
Wa — =) Раг 2 cota 4 0622 


р – Paz We + 0.1% 
Тлар Блә w THR: A-2) Тш (239€ чаў وآ‎ 


(b) Coma dering pest the о vc att ty sce и 


Chanae Uv. doa á E 4 
(0) Averosnt d Чот ter — myz =- my, = wa tos |) 
v or Cont» in ed 
мд the pivot arr 


— f 1 a r KIS 
| Vapor conformed | m 03-0, j prm И P- ФР 
w 403 mest air i 5° 
per umt warts ا‎ 5 (.11) (.041534) 
dra ace * 0.62? |t 1.01325)- (21) (04154) 


< 0.0233 
m 0.0027- 0.0283 = 0.0144 Ki equa) aq Enid) _ 


[. Note ut meita qa Huperature wor the How ret q4 fe 
Pray is provides . The analysis im ths Case uses the 
VAGSS bala nce lo uo not tor او‎ loalance. 
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PROBLEM 12.80 


KNOWN: Operating data are provided for a Steam- spray humidification device at 
Steady state. 
FIND: Determine the temperature of the exiting moist air Stream and the rate of 
Steam injection. | sat. water vapor 
SCHEMATIC E TA. 72 = 230°F 





ASSUMPTIONS: CU) The control volume is at Steady Stade. with б? Wer? O ond ne ligtble 
eects of kinetic and potential energy. (2) The moist air Streams adhere to the 

i deat Gas model. 

ANALYSIS: Govern ing — The state at 3 will be determined изги mass amel 


energy (ade balances. For mass, Ma =Ma, Ma amd my, thm, = myg- Thus 


Wn, = Mg COO 4-02, ) (1) 
То get Mo , UAL 
* QN), | Cp pv C C2) 
Vs, Ra Т, 


The energy loalemce at steady state reduces as follows : 

© > A, - Mt Ma [CO tO, һу) + Cua,- Wy) bh „> (ha وضا+ و‎ hv] 
(Was وو ودا‎ ( = (Wat Ga) T (09.70) hg + G) 
Evaluak) Properties, To hnd W, use р, = Ф, Plt) and Q3, 3 0.622. (Ри /p-p,, ) | 


With Т, OMAP noun , (А) ha and h be. | 
deteymined à ice. T. "e u а 00 determined. Also, hg 2 COM be 


The value ef w, is related 4o T, usin =o, р„С = 

3 Р Pa Съ) and w, = о,ь?.®( Руз). 
Mso, баз amd hgy are related directly кс" : ыы 
Solution Procedure. We see from (3) and the discussion of property evaluation- 
Mat T3 tom be found using an iterakwe procedure with data from Tables A-22€ 
amd А-2Е. The following IT code provides am alterneatwe Yo the iterahve procedure: 


IT Code IT Results 
— w1 = w_Tphi(T1,phi1,p) o1 = 0.01053 Ib(v)/Ib(a) 


h1 = ha Tw(T1,w1) Е 


oc 


T1295 //?F : = 34 
p = 14.696 psat = Psat T("Water/Steam", T2) H = uae 
42 h2 = hsat Px("Water/Steam", psat, x2) 2 

phi1 = 0.3 3 : : h; = 43.9 Btu/Ib(a) 
AV1 = 5700 // ft/min w3 = w_Tphi(T3, phi3, p) 

2 - | i n = 400.9 Ib/mi 
T2 = 230 //°F h3 ha_Tphi(T3, phi3, р) i in | 
x2 = 1 E m. = 3.304 Ib/min aa 

mdotv = mdota * (w3 - w1) Т,= 96.79^F 4 т» 


0 = mdota * (h1 - h3) + mdotv * h2 


To check the validity of the (T results, Fig А-ЧЕ gives h,= 34.4, и), = 0:0106 which 
agree closely wu vH. Xe. Yespectuve UT ew sujéxs , Also referring Jo Fia A-4E with ud. and 
ha from (Ty we де} 7,246.5°F wid also agrees Weld Sith de or value. 
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PROBLEM 12.8] 


KNOWN’ Consider the steam -spray humiditier of Problem 12.80. 
FIND: Determine the exergy destruction rate. 
SCHEMATIC $ GIVEN DATA: See Solution to Problem 2.80 for the schematic. 


E Stabe 2. state 3 
E Т =230°F 7, = 96.19 °F 


P, = (4.646 lbthu.* Sat. Vapor Р, = 14.696 141.2 
«2,2 0.01053 ШС (6) mK 3304 Ши W= 0.01877 lolu)/ bla) 
Maz 400.4 Ымм Е 


ASSUMPTIONS: CO - (72) See Problem 12.80, (3) let 245° 2 SSOPR. 


ANALY SIS: The exergy destruction vate can be evaluated using Ez Ta Tey ; where Sey 
is found from an entropy rate balance 
0 597° ^L 
"603, + Ma | 5а СТ, р, + US, Ch, Py, : an à 
оС J Т ч йа ем +m, 5,ст) ha 8с, Paa) +093 Sy Сту Pus |+ 


Ty 3 Ma [sT Pa 3) * Ws Sy CT} Py) - Mal SCT,, Fa, +, SeCT,, Py, | -M3 $a CT2 у Q2 


$ CT, 5, P1) SCT, , 04, P) 


ks noted, the terms in brackets are each uniquely determined from Ya given datu. , 
O These functions are provided by VT. Thus. Ea is delermined using IT as follows: 


IT Code 51 = sa. TW(T1,w1,p1) 
- o $3 = sa. TW(T3,w3,p3) 
s " i й ag II ibf/in.2 psat = Psat_T("Water/Steam", T2) 
w1 = 0.01053 // Ib(v)/Ib(a) S2 = ssat_Px("Water/Steam", psat, x2) 


mdota = 400.9 // Ib/min sigmadot = mdota * (s3 - s1 - (w3 - w1) * s2) 


ue 2 : — Edotd = To * sigmadot 

T3 = 96.79 // °F 

рз = 14.696 // Ibf/in.? [T Results 7 

w3 = 0.01877 // Ib(vy/lb(a) С = 1.526 Btu/min- ^R 

— E dnd Bully — een Ey 


l. For states of water vapor where the ideal gas model applies, Eq. 6.1% Combe invoked 


to write 
RO S(T Py) - > OG) fort Р P 


E ЫШ id Eoin Р 
GR) 39 (т) = — Ж 
3 ‘Cs ф 


$ 
Further, opplyiing Eg. 6.21 to the dry air 
SCT, ра) - SCIL iu free = SCT) - See Tee) - Ra ln Pa 


— Pref 
с Рсе+ 


Thus 2 E 
5 Cr, w, p) = [See -s°Ctreg) - B, In عع‎ [+ lyen- E. ln Ф] 
v 


The functions in IT are based on this relationslis. The develo 
calculation to verify the iT result is left te оо — x 


12-104 


PROBLEM 1-.$2, 


BW owhN: Operatiug data are. Provided fov an au^ co «d. houer et S feo dy State. 

Fro; De the A X 4 Laat И — aim passing Horov p — 
Varela e, tect m ر‎ C6) the ла wa ten if ray ected, (с) Ho neka hie. lows Tq 
at Mee Ux Ea te Vaud’ fes Sechin . 





SCHEMATIC F GIVEN DATA? 










T>SO°F 
Ф, + 20% | | — Р, > lat 
my33 р | а 

4 


A 7 
T240°F 4 | Liquid water at 60°F 


^4 
ASSUMPTIONS: (1) The control Мо омиле? Shown 


in the ACeompanying fq ure are at 
Steady Stale wrth Мусу о 


aud negh gible kine hc and potenhvat energy effects. For the 
Мока г ек Now vat, Qe, zo. (2) The la vid enters са ога іе 4 
Seams adhere +o tte ' deal gas model. 


AWALYSIS; (a) A4 Steady State › mass rate balances JIVE ma, = 


= Maz Алат 2 Wa 
"vp "vi, Mvit Wit hw. Thor was myg- Vy, a Wyg- My = 


= Wa lwz- w, ), 
Au energy rate balance for the hre & control Volume 


М а 0 ۰ ` 9 
Oz Dey = We, + См har + му: hn | -[ Maher + ny hv2 | 


and the morst arr 


4 


reduces to 9've 


or 
Ge. Lhar-har] + oo [hge- hg] | e) 
we 


The huwrdrdy гео fs found fran E4 12.43: р 
Pv: 0.672 

оъ Оаза ШУ! „ б.у, OOT 

۰ Р,- 8v. [ 14.646 - 0.0112. 
Then, Eq.) grives with Cwas O-24 ВК. lb. OR 


“= % RO): 0.40 (0.178) = 0.0712. ѓи So 


= 0.00303 itv) 
hla) 


Qv. o.x4 [10-50] + о. оозоз [ 100.7- 1083.3) 465 Btu /ty(O) 
W 6. 


4 1 4 7 = = 
“To fand Wa. 3 write. mz mvi wat — wary (1+ w+) 


Mars WI 2.24 lela) 
D P3 





14 C), |. 06803 ET 
. B^. /$ ae C 
i ES (3.24 оса) Y 4:67 Giv- )s 31.77 / 
SY = leta) 


| шесі vs obfmrne d 
сс) The vela hve Молл Ф, Cau be found fou Cos с 


lota 
fou an energy rate balance on the the second Control vo 
° if > ` ` 
О = few - Wey er {м маъ ^ уе We) + rag ha - ) مشا‎ Маз + муг? bys ] 
И М = ولت‎ 
or With mg: malwgr-w:) and War : 
0* (hea oy hga) C) Me — Chas + wa hga ] 


а о “з 2 -7- 2808 ‚0 10) 
5 (н — w (naa —hey) _ ۵.24 [а0-70) + 0.00703 [| 100.7 d = 0.0075? Ty ИС 
боз —=——— j 10%2 — 28.68 | 
3 - * 
niae 
The, solving е 4 12.43 


.$ 9.1767 79 
> 2 V3 =- с 0.4171 (48 7» 
چس‎ Py „ (о.007:7)014:690) طا 0.1767 ے‎ m) Ps Po? — 0.9632 ) 
0.621 4023 0.62457 





Ру? > 


(5) А wass ^ watr Asedg Mgt My = мут) or 


m 
: о) = 3.94 tala) | 0.00777 0.00307 | loca) 
Wat Клуз - Мур т wal و سا‎ 07) = £ сь) 
= 0.614244 2 "Ке ——— 
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PROBLEM la. 83 


KNOWN: Operating data are provided for an ‘гиб оз ЁР га | dryer at Steady 


State. 
Его: Determine the mass Flow rate of dry air requrred and dhe vate ef heat 


Transfer to dhe worst arr {lowing through fhe dyer. 
SCHEMATIC Т GIVEN DATA: 
— — ل‎ 











— —— — — 


T = 80°F l Ta s ISO’F 
Р, slate i — Py alate 
Ф, = 65% І ! Фу = 30% 

i 
і 


wg = A700 lb/h- 


maters‘als 
being бгаа 


ASSUMPTIONS: (The control Volume: Shown om the accompany ino Figure are at 
Steady State wrk Wey =0 and nes lig: ble e ffeets of коле he and Po tenti'a f energy, 
(2) The weis air Siveams adhere to the deal gas model. 
KISAL'T $15: eu Steady State mass rate Oa lances gwe wa = Mar Wal X ha and 
vit Wve, myg > my + мд = yt к 4 . The Last of these Can he Sf pressed as 

Шумат W, Meat وض‎ Xx wa = cm. 

$7", 

Te hnd Grand wa: р, Ф, Ра (1) = (0:65)(0.5073) = 0.3297 lef /w* Pry = e, Py 03) = 030722) 
= НЫС leflín*. They wit &4.12.4.3 | 


0.32977 lb Cv) toe * oos S lel) 
- ۰ — — — 2 i43. کے‎ Gy 2 O62 — А - 
СЕ мыз соь OO la) ) 3 19.696- 1-66 lola) 
Tuwas Й 
— 2700 ı6 Cv) / A = "73,210 ibla) P Ул aL 
SS T 
i 7.0. 01427 ) letv) 
(0.0511 - о. 01427) ety 
Ал energy эле balance oun +he heating vnit reduces То give 
О = Ow = ty + ےا‎ МА, چ‎ By hve J -Lwa har e wv bye] 
or 
Q'ey a Wea [ (vax- ha, ) + w ( Wg2- ngs) | 
n7€*,1- 1096.4) 
= 73,210) 177.23 - 129-06 + о. ©1427 ( 1 
Rev 


Sn CC тыт —— 


- 3.60?Fx:0° 8/A 
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PROBLEM 12.84 


KNOWN: Data are provided for moist air being supplied and removed from an 
Occup ved class Yoom. 

FIND. (a) For a specified Supply avr volumetric flow rate, deteym ine Jo Supply 
air te rature amd relative Wumidity. Co) Plot supply av temperature 
and relative humidity Versus Supply avr volumetric flour vate ranging 
from 35 to Чо m/min. 

Qey = 34000 3/1, 


SCHEMATIC £ Gl VE Dr! 
7:7 | —— | 2 


=? 





| 
| M i E Waa 
зз А) stom! SIKE | RS 
SS Se. | 
М N Mee А =P, = lam = 1.01325 bar 
млм т 4.5 kg/h 


Sadvraied Vapor at 33°C 


ASSUMPTIONS: CL) The contro! volume shown in the Ace om pany tng fi'sure гг ab 
Stead thate tase th Wey о and кеду ble e (4e ets Of  krae'c and Potent ( 
(2) “The moisture entering fom the оссо pants 


The worst air 


energy, 
ts saturated Vapor at 32°C, 


Streams adhere to the deal gas иче де | 
+ rug hou at latm, 


ANALYSIS.: At steady stete, mass rate balances give: Ma, = Mar È Ma j M y tm, = (^ Vo: 
| V^ us 
MU M unc m Еи 
a C 65 4-02, У | С) 


The Мм ratio Weis found using py» Pa ECT) amd 0,2. 022 ОС ЗЕ 


To determine W, амд T, We use awn ene 


vgy volé balance which reduces at Stea 
Stade to : E 


. Pressure с Vint tor nw 


* T ў * • . * ` 
О = À r a + і Mma Va, + куулу, | + Mw ha = мала + Mva hva J 


With T, amd T, known, the specific смарте hg and hg, can be determined. 
thus £ CU hes two unkuowns, W, and ma. Equation (2) has We same 
doo UW دسا ماعا‎ ns олу-д also hes A aS QA uukuown . 


Косу ег express lM lating hese quantities is obtained from (АМ) = Ma a > 
G5 Co Wows * 


QN = س‎ INA „ Mw Мут, (3 
{Союу Par ] Сото Cp- Pwd 


Where wW, = 0.622 [Pvt pI. 


Ov 


(23 





4) 
со) Sample مھ ٣ے اہں الب‎ using table data, AN), = 40 wm min . To evaluate We 
Pua” Ф, Pate) 20.5 ( 0.03567) 0.01784 bar, Thus 
шу = 0.922 CO.011 84) | i cH ka Cv) 
* (1.01325 — 0.01784) lea Ca) 
Thus  . ^ 4s kg/h 
Ma = (o.o - دى‎ Со) 


Solving Eq. CU) for w, 
wa LBA + 337 haa ل‎ + Cos ha 
анаа у ои уара торат 
(Qos, u d ^32 ha, ` 
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PROBLEM 12.84 (Cond. ) 


From Table A-2€, qu 2550, & and ha 3° 2561.7 кз/ід. With har- har > Cp, CT, - Te) 
GMA Cog = 1.005 l3/ka4€, we get 


TM (6.014 y (34 000/4 5 )'- 2561.7 - 2550. e | + 1005 (T-27) là 
\ 


[(Q4000/4 5) + 2561.7 ¬ Ма, 1 

















From Eg. (3) 
8.34 КҮ 
ы (з koh) (Eds regi +13 ти у eoe пон 

" PY C 

40 wi (0.0142 0, у (1.01325 = Py, ) bar E PA — ie (C) 
From Be.CA4» 

= WP WJ, Cl.0132 5) 
P^ съз? tw, (д) 


O. 27 t Ш. 


Solving (a) = Cd) Simultaneously Using OM itevahive procedure with data r 
Wa Cr trom Table А- 2. : TT, 215010006 esses 


сд, = 0.004 S 46 


Py, = 0.01532 bar 


To get ¢ ‘ 


à, = Pal расту = 0.01532 /0.01162. = 0.864 (86.9%) 





(b) The data for the required plots are obtained using iT, as follows: 


IT Code 


р = 1.01325 // bar 
Т2 = 27 

phi2 = 0.5 

ТЗ = 33 // °С 

Qdot = 34000 // kJ/h 
таом = 4.5 // kg/h 
AV1 = 40 // m?/min 


phit = phi, Tw(T1, w1, р) 

h1 = ha Tw(T1, w1) 

h2 = Һа Tphi(T2, phi2, p) 

w2 = w Tphi(T2, phi2, p) 

psat = Psat T("Water/Steam", T3) 

h3 = hsat_Px("Water/Steam", psat, 1) 


PLOTS: 
24 
22 


20 


Ty (°С) 


35 40 45 50 55 60 65 70 75 80 85 90 
(AV) (m/min) 


va1 = va Tw(T1,w1,p) 

mdota = (AV1 * 60) / va1 

mdota * w1 + mdotw = mdota * w2 

0 = Qdot + mdota * (h1 - h2) + mdotw * h3 


IT Results for (AV), = 40 m?/min 


o5 = 0.01115 kg(v)/kg(a) 
һ = 55.54 kJ/kg 
hs = 2561 kJ/kg 


m = 2891 kg(a)/min 

h, = 39.79 kJ/kg 

о = 0.009592 kg(v)/kg(a) 
Т; = 15.47°C 

od, = 0.8758 (87.58%) 


100 
90 
80 
70 
60 
50 
40 
30 
20 
10 


0 
35 40 45 50 55 60 65 70 75 80 85 90 


(AV) (m3/min) 


$1 (96) 
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PROBLEM 13.85. 


ktoowN: Data are provided for a device for heatn 


Fimo: 


(av), 226066 


Ti: 40°F 
Р > late 


Ф, = 80% 


САМ), = гооо E? , 
Fu 


Determrne the 


ауа water is injected. 


SCHEMATIC F GIVEN DATA: : 


Т, = 60 OF 
Ps laim 


Ф. > 80%, 


A STUMP TIONS 


at sdeod 


ener 


. @) Tue liquid enters as 
adheve to tue deal gas model 


ANALYSIS: 


at: 


wader: 
— — 


Combin ny these resuits 







3 °۴ 
P2 latm 
Ф, = 35% 


Liq vid wade r> 
at 55°F 


—State with Wey = O and negl' gible affects of 


A+ Steady shite у wast rate balances grve 


a hj 
W^ at =k WALT maz 


. ^ a ` v . е ú Ы * а 
myt Wve t bw ZV Жу Myst Mya -my,- wet 3 Ws Mag — w, "at = We ar 


Ct) The control Volume Shown rn the accom 


and the 


Ww > wa (war amar) ~w, War mwa Mar т Wa, (3-W,) away ) وس‎ Wa) 


O.20T04 lf/rn™. Raa Ф Су» O35 (0.547)= 0.2088 € 103,1, Then 


9 and humide fying arr, 
rate of heat traus fer do the device 


“а їе. 


pany ‘n; fr ure rs 
Ervnehe and potentra ! 
Satura ted е vd. The worst arr $freams 


Ct) 


Ric Ф Рът): 0.8 (0.1217) © 0.09736 tf l'a, р, = Ф, PU) = о. 8 (0.2563 ) = 


2.097300 0.20504 o. 208879 
Я = & 2 — — — 2 > 
Е ۴ ab- a] э 202 gnac onos] ر‎ waa 060 | — —— — 
bsk- 0.047 1.646 -0. 20545 
tety) 7 wv) 
o.oe diy 8 106) = 0.0083 2 > 0.0084/ عست‎ 
: le(s) Me — 


“Tha volumetvice Flow votes at | and L together with the "deal јај equation af State 


qirt 


* 


Way 


—— ае D — — —— — — — 
Yar ( كع‎ f+ Lof 5oo*R) mu'n 
E 1 28.497 15: ° X ‘ 
(10070 — [b Ca 
— av). А tar САУ, £ ele. ) = 75.24 ey 
Var Ron isis X 62.0) 
Me. 254" 
Subs hito Nag Values indo Eq. lt), the rate lig vid i's injec ted rs 


* 


ut I aso] 
(av), _ Pa. (AV), _ [ts ete - o. 04736) X NY pid S Okan = 14. "7 ` lola) 


wa Qan N о. oosa- 0.004148] + (7 7.24) 0.008% 0.008?) 


Tuas 


Aw у rate eqvation at Steady State arves 
О = Oey - ev + Cha har sey, kvi | + [has а viv] + куи - ( wa? hat + iva hv; | 


Qu 


“ 


M 


= 0107% ДЬ. “ےہ‎ w 


Was [ha Сз) + wz vtr Y] = War C ha CT) жы ha CT] -war Chal) + malay (п) ) м he (1%) 


аа 130.206+ 0.0097 ( toqt.s3)] = anf 4.48 о.соч1ч BC 1078.9) | 


= 75.24 ( (24:47 4.0 .00%R(108 7-7) | — 0.1078 (23.10) 


444 $( 140.1] - (9-10 128.96] - 75.24 L133. 84] 25 














7$ 1.5 Bta катны сыы EEE 


WA И 
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PROBLEM 13.86 


known: Steady -S ate operahng data are Provided for an evapora pe Cooley 
Емо:  Delynune (o) the A at whith haod enters, Co) the. relahve hu nad ty | 
a+ qho exit, Cc) tho pate of =ч de. Мо ch'o . 

SCHEMATIC 2 GIVEN DATA: ud | 


Liquid water 
Tf:2e9C 2 





Ta 35°С | 
Р, > tbar | T,32$?C 
> мо% —L س‎ — Р, 2 lar 
t "e | Фф, = 
(А) = — 





soaked pad 


ASSUMPTIONS: (1) The сомо! Volume Shown in the accompany ing frs wre f$ at 
Steady State with Qe, > Weyto and negligible effects of kinetic and potential 
energy. (2) Ait of the en kerng lí «v.d evaporates into the moist air seam. 
(3). The ао enters as satvrated Галс. (4) 7:293. 


ANALYSIS: At Steady State mast rate balauces give Mem Wa. x Wa, M y) tw 
2 wa. . Thus mw 3 wal Ww ~ tv, ) om Ww/me 2 Coa -C2,, To hn od ss) use. 
Фф, ++ obti f= Ф, Pg (Ti) = (0.10)(0.05628)* 6.005628 bar. Tha; 


(У)‏ و۴ J C:00Se2 8 2 0.003 S2.‏ 0-22 = ,س 
l^ 0.095 CLD Ice C.)‏ 


Tue value of ә, Can be оро fuined ошл» an fuersy rate balance: 
0 0 

о+ fce Wey + { Maha, - la^ vi hv, ] + Way 3 = ( manar + Wve һу, 7 

Os Ma [Grim haa) + wha, + (U.-0A) h$3 - Wy har | 

Solving he бә у. 


И Char- har) + wig i- мз) , Loog (35-1357) + 0.00352( 2565.3 ¬ 73.96) „ 0.007 93 zi Ad 
xi 142 - he? и 25472. 83.44 î 


or 


m 


The mas с Соол Aste 4 wy avr và 
ES CAV), Сеа.) _ (So m/min) (0.49 4972 ие М] = 5.25 Kgl 
VAR n 





RT, SDI Vim 
бге E У 808) 
Са) 
Tite, awe wha (a= 0] Cb.rF)(0.00963 - 0.003 12) = 0. 231 ea Ce) — 
Solu, €« 12. 43 
E Pe б.о = 0.382. Ce) 


Ra: we P „ (0:00763 CC о оа 12 а, $ Ф = BT) 0.0316 (2429) 
Oblit Hr 0- 02% 63 
twa ^X s. Ry {оо мос w vo found fran Ed = To Fev) Us haat ey «ә ro. 
| Ban WN [^-^ chan о рлу te oA ew Qa у-ү < улоо алла: 


Осу = (Sa (Ta) Pea )-Salh, Py) ] + Q4 Sy (Тл, Pre) ^ (ш. fv n Pv) — ( Go, - с) $43 
W^ а. 
Using €4. 6 .19, Sv UO Py) = $39 ст) -(#/м„ ) ln Ф and Apply ing €4. 6.2? fo the dry айы 


Z 8 Ё _ _ — 
ل‎ (Cpa حم‎ > – & In at (+ wa (Sach) - Ё 1nd, |} ш. f sa (1) È 244] lw ,سا‎ ) SE2 


> Cpa, b^ Te „ 3 La Pez а wal Se (C) -SE ( | ~ (Sg Сп) - 9 (02) t£ (emt - e. nA) 
Ma Т, 


U 
= loos ty 2418 _ 3.31 و‎ 0427$? | 0.00763 [ 9.55@~ 0.2966] — 0.00352 (4.353) 624667] + 
3ot 2847 — 044437 23 [o-00$52. ha 01-7 0.00763 Ly .3 ғ.) 
ev - 0.003 кт(к20 1$.02 = 
wa ок А А 
=> Eye (662s)(243)(0.003) 2 4444 КЈ/к ^ — 
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PROBLEM 1487 
KNOWN: The case Of addabate mx i ng of tu maist air 
Streams tS Under consideration. 
FIND: Show on ^ psycelwoms ге. ehato that. exi b state 


З с am A sha КР line | €o«nectras wht ste | and 2, 
Ct Tie © G DATA: | 
ыс: MATIC = Gv DATA dio% 





Dry bulb tew pe rature 


APALCTSISS From Sec. 2.10. 4 , and writing far the muy ture им = Иде urhg ر‎ 


є. * m t + 
(ia.5G b) CO, Улар Ё Pl Maz = C43 Ma? 


(12. See) Mai hmi 2 War hma = Wa? hun? where Vm ha + w ha 


Sinee Maze Ma, + ^al, © 4 12.366 Con. we rearrange d ©. < 


ONE us $ 4 “а 
02; Mai t O L mar z w, (ma tar ) 


>> (v^ - وس‎ ) Mart (оо. 7-9, © 
= миа i а G23- 6, CO 
МА q 2. Go, 7 وکن‎ 


Siva нм ) Є 4. (2,76¢ dau 








wali ~ huz- hma (2) 
War Ver am hw 3 
Cows na ^s C 5.00), (2) 
mái Саа ы ы „кай с = = (3 ) 
wae Go c 623 hmi- Um? 


Since thea GF and hm Sekes are linear , the Colles 44 
pro por Ком аА Ж applies for the Sketch above 


| zd — 
Line 2-3 _ hma D^ EN iod. _ 


Line 3-1 hmi — hm? w,- ut. 


G^ b сл. Corres pon di G CG (3), 


2-11 


PROBLEM 12.88 


See Example 12.16 for the IT code. To obtain data for the plot, use the Explore button 
to sweep AV2 from 0 to 1400 m?/min in steps of 10. 


PLOT: 
25 


20 


15 


T3 (°C) 


10 


0 200 400 600 800 1000 1200 1400 
(AV)2 (m?/min) 


Discussion: When (AV); approaches 0, there is no flow in stream 2, and the exit 
temperature approaches the value of T4. When (AV); becomes large, the effect of 
stream 1 is reduced and the exit temperature approaches the value of T» 
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PROBLEM I} $ 


KNOWN: Steady Shite o [ре ra ъп data are Provided for ha edi Oa tic. 

VU ing о b le wost atm Streams. 

Е (0 М (3 Sing Te Q^^p bu cod proc dore of Pre ble na [А -8F, Gad P, ر‎ l3. 
Ф:=1009%, 

SCHEMATIC Y сг. DATA. 





о, 
(ам, = 35У, це, = 807% 
(AV, = 90 «X^, т;«ч0°©, $47 Q0 Y, 


| | 40 
Dry Bulb “Temperature 

ASSUMPTIONS: U) The control volume shewn ss АЎ Steade ste. (2) For the 
Pos wol Volume — WAZ yee ЖР Clones in Клефе aud poten hal uer yy CAM 
lan neglected. (3) “The pressure remains Constant at I atm. 
AWALTSIS: Tagspechon ef Ag A-4 Gives 

hmi = 39.0 KI [kqt«) wc 86.2. 

w, = 0,00@ =єз“У)/ (а) رص‎ = 0,0198 

Var = 0.824 e) Уә: 0.913 


Then 


— Gudi BS fein - U2 Ug m? 
th "Vae еа) о? 


\ . RO = m? 
War 7 0.413 ыр (a) 


There ſue / dra fela hos of Pavbl eur 12.84 бе cere t 
42.48 _ Wy-0,0188 


x Km3 7 88. ⁊ 
87.007. ~ 0.009 -Wa 


34.0- las 
Solving ) ai. = QOIS 3 6100) / ку (а), h m3 = 10.50 EO es (а) O sias these Va lues, 
h4. A-4 9 v9 
Q, х 52% ds 
Tz X 32% 


lw 
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PROPLEM 18.40 


crown. A worst aw sheann at 60°F, la tw. P= SO% is vexed adab adv call 


wid aw S eal Ue + aan ot 40°ЕР, latin, Ф = = 70 9 . T ^a. wass Hour 
Tote ntie Ао? V Stream à terres Hit pa G 6*P streaw. 


Find: Using ао АА Problen. 12:70 , du Leva vs tre tenpera fir 
Awe faa ve. Wn A n exit ng Stream. 

SCHEMATIC E GIVEN DATA: 

%260°F SLL LLL LL. 


8 > lam 


Ф = 30% 


R 2400 
R = latin 
>, > 70 o 






e ГА 
W^ s 2 2, 


ASSUMPTIONS. (Y The Combo] Votume shown ѓи * ^e ACCOM panty ing fi'surve operatesat 
Steady state Lith eys Weys and negligible effect of kinehe and potential енем y 
(1) The pressure at 3 s | atm, 

ANALYSIS: At cheady State, mass rate balances give 


wwe +: Mae رت‎ Mg 3w с) 
ое : Mart Bari = wa? 
Water Vepor : Wya муу T Муў D Ма о + Merwe = Was о, (7) 


Aico) at each locaton 2 лаф thy s Ма СІ Чи) 9 wa = m/Qw) (3) 
Combining Eqs C0 OY (3) together wrth Маъ 2A] 


ER om Lx. © (na )ә => (at) + 2(m (= 3 (saa) (4) 


To find t, and wr, Pr % Pg CT) = = (0.3 (0.2963) = 0.07684 lbfirn®, Are Ф. Py (Tz) =(0-7)(0-6922) = 
60.484 L 1 19 ) So 





bott — — | 0.4141 (v) 
_ . 0:00 23 ley) сш, «0.6227. | 2-3137 |. о. ory be 

wA 62 d ete- ОТЫ €x? ` чөк ON lola) 
Sues Nes values into lI (4) 

о-өөзї ) 2( 0.02¥) =) =з وس‎ 0 оў WO, 

1.0033 + lou EA 
dn Eq 12.4 3 

Ras WAP „ QosÓMMO _ 9.3528 bf ج‎ Ф د‎ fn) а ent (х) 
61214 W3 6:6373 i^ 1 


Tofnd Te, write an energy rate balance for the control volume. Width агим рйи 
ау furs be comes és 


От ev V - Wey * Û war ма, + —* hv 1 ч C war hart "v? му) mit Was Wa? +My? hvi | 
a May [ haz + وس‎ мез | = Wa [ ^ai + 6A hg: ] + Marl hart оъ) 
м ( 
2 [ ha; 43 hgg) > n Lu e nyu) t wu, Аме я Ug] ©) 


үм, the ەم‎ Problen 2.70 


- (194 Bilbla) 
(haa wna = о.24(60) + © 6033 (1061 + о.444(62)) = 17.44 


(oe ^ уа = 0. >4 (49) ~ o. ow (106! + o4€4(49)- 4716 " 
Cha ачр) 0-24 T © oıf1 (l061 + 0.44473) 
Aog Ror 
Thus, E 4.06) be Corn wet DA улу = Bway, ws 2. ил | 


6.24 TCF) + 0.0153 Lise! + 0-444 REF] = (©з. 0033 x Meer: СЕ" = 36.0 


or чь 


o. 24s Tre (9:77 =7 TSCF)- 80 or фе == == 

“Thom, 022 1 (х 

Е p^ фз: 03528 = 0.6% (69.5%) "XEM ф, 
0.5073 
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PROBLEM (2.31 


KNOWN! Almospharre air having dry -tGull and wet- bulb temperatures of 33 and 
54°С Алаке e. dae ье 115 with weit t arr having dry- bulle and we} - 
bulb Temperatures of 16 and 12°С, The volumetric flowrate 94 thea 
62°С Stream fs twice that the other, | 

Fred: For 4^e exh ng S € v } determine the rel hye kumidi ty aud the temp ern ture, 

SCHEMATIC Y. GIVEN DATA: 


3 233°C YLLL§ / СГ. 


ff Д/У 
To. 29% 


⸗ 3 T3 2? 





Te ке 
eee TR УЕ. 


ASSUMPTIONS! (1) The Con мо volume Shown in the Accompany ing frs ure г< 
at Steady state — Qe = Wey tO and negligible effects of &ineht and 


ое қ ener The о + ol at (3) The wei- 
Рет t€ v^ сезме ilo i wied — oe ЫР ni form | + arie Eee ек л i o E dure, 
AWALYTS| At Steady State, mass rate ы ш give 


arr: Mart Wart Wa 
Water; My, + муу = WY 3 =) Us, Wa) + Ua v az = Wy maz 
Co m b ineng these 
: Co. bw wad 
шу Чл мал t s лад س ے‎ + x) a. (1) 
v 
The mass Low nate ratio IS Obtained Utvugthe given voluwuekrie How rate relat'on: 


: å (АМ) = Pa: CAV”), M m Parl Av mat Z Par T À V) E [X t 
5 — Е T pum Ё T =) wat Pa n av, 3 چ‎ Ti %) 
Te. : Ma v 


The terms Wı and We Can be Calculated Using Eas. 12, Zand 12.53: Fest, to find бә, 


wis ооло 20.0256 , шут Loos[24.33]:* 0.01701 2432.5]. о,о239 к{©) 
— ASSLT — 121-6] KA (а) 
To fad Ua. 
wis on [ © oio? |: 0.00 $1, D. oos | itele) + 0.0087 [L25234] = 0.0071. rA 
0.41113 2S0. - 504 
Solving Eq. 12942 
Pas WP < (о.оъз4)(1.01327) 5 0.037S bar => Pa = 0.317 7C ber 


o eti VI 0.04 3 ^ 


— 66624 U 


— A: 1.00166 bar 
Pru = 


Tater ting values ra to EL (2) oe vei 


mug g ) 2) I 61 
Mai 0.9957G 


Tren, wit, Enown Values 6. C0) qrale: 


Ww, = 0.6021۹ + (3.261) 0.0072) 2 0.0111 28 





(a) 
4.26 \ 
۵ CCo ٣ dol > wb o. Соо 1.91225) = 0.0138 bar. 
Ay = - 
0.Q114 93 0.6331 
Then Py 0.0138 (3 
$3 > fact) (Сту) | 
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PROGLEM 12,41 (Соиї 4.) 


To hud Ту чеге an ener + 
| ' gy rate balance. for the Cont l 
— NON — м оГ Volume. 
0 0 
© c, -WG + [ма har + МА у, hor J + Dat hea tee, М - Caras + WAVY hva ] 


Tuus 


- Mart has уу hei + war L Warsaw, hgst] = wai i 5454 03 koz) 


Маз- шу Мз = Wal her 4 nd ,4ط‎ ) + weal Ма aun herd 


Warr Wrar 


vÀ 
* nara w AQ \ + зь) (ai wa oi) 


(+ хе ) 
Wr t 


With dara Yvon Tablet А-2 and А-21— 


4.261 
2 321.5 KI/Ksca) 


Thi + . А E * " . 
Ф о — in one unknown, Tz. Solving iteratively Using table 
з“ . 


ö — — — — — 7 
Re мел” кд to 6 + (3) 
< 0.0118 a 0,76! 76.1 Yo s ы] 
63 0.023349 C 9 3 
GIRE a Ago ls eaten шиле daa EDD 
| ration | К 
using IT, as fo eee wira table data is Obtained 
IT Code mdota1 = AV1 / va1 
mdota2 - AV2 / va2 


PUE val = va Tw(T1,w1,p) 
Twb1 = 29 // °С = 
г. о va2 = va Tw(T2,w2,p) 
72= 16 //*C © 
Twb2 = 12 // °C mdota1 + mdota2 = mdota3 
AV2 = Б * AV1 mdota1 * w1 + mdota2 * м2 = mdota3 * w3 
R=3 0 = mdota1 * h1 + mdota2 * h2 - mdota3 * h3 
AV1 = 1 


p = 1.01325 // bar 


w1 = w. TTWwb(T1,Twb1,p) 
phi1 = phi Tw(T1,w1,p) 
h1 = ha. Tw(T1,w1) 

w2 = м TTWb(T2, Twb2,p) 
phi2 = phi_Tw(T2,w2,p) 
h2 = һа Tw(T2,w2) 

phi3 = phi_Tw(T3,w3,p) 
h3 = һа Tw(T3,w3) 


IT Results 


о: = 0.02391 kg(v)/kg(a) 
h; = 94.37 kJ/kg(a) 

o» = 0.007106 kg(v)/kg(a) 
h = 34.04 kJ/kg(a) 

оз = 0.01105 kg(v)/kg(a) 
hs = 48.2 kJ/kg(a) 

Т, = 20.08°C 

фз= 0.7508 (75.08%) 
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PROBLEM 12.92 


KNOWN: A stream consisting of 650 f3/min of ur at 55°F, latm, d 220% mixes 
adiabatically with a second stream. A single stream consisting of 
ISoo + 3/min of aw exits at 66°F, lam, ¢ = bole. 

FIND: Determine for the second entering stream the relatve humidity ; 
temperature, and mass flow rate. 


SCHEMATIC WEN DATA: 
(AY) =6 So #5 Judy d EP PE 
T:sser ^ / 3 
i~ / = t 
ф, 20° 7 (vr), ISoo ft? fran 
Р, 2! am / T3 = 46°۴۳ 
Te? ? / ^, Ф.= 60%, 
د‎ 7 iu atm 


wan ТТ 


ASSUMPTIONS: (1) The control Volume shown is at steady stote with Q cy = Wey <O and 
negligible effects of kinetic and potential energy . (za) Each stream cam be. 
Modeled as an ideal qas mixture, 
ANALYSIS: At Steady state, mass rate balances give 
Gir. Me + Maze = Ma3 . ; -w | 
Waker: P + Ww v. Е "vs > Ma, W, + Maz We = as ©з جه‎ oL: аа "ан а) 
the mass flow rakes are determined USING the дуу ew. Volumetric tow реи — 
à, С.У = (0.2)( 0.21415) = 0,0428 нўл ,2, Ру. Ф, Сз = (0.6) (0.3l6S) 2 0.1899 16/4 


Qv) | Tou (ANT), (14.64 = 0.0428) lbf Cu So tt) 
Eco e Je e uU T MD. 














- 2 
144 in. ibla) 
* - S — | 2 49.99 —— 
١ Va Ra Th 1545 HAF Yt eisog) i f“ MIA 
2841 ib. °R 
Mas = Ра. з САМ 13 " ыа еле 01811515292) га > 111.32 ib C a) 
Ra T 222 l Min 
a 13 (sear у (526) 
The values of Ww, amd w, are 
д ___0.0428 |. bv) NET | 0.1844 _ 3 bev) 
ib = 0,622 [77 Se 28 a | ON и 14,026 — 0.1844 000 
Accordingly , Еф. C0 gives 
= 440(0. 201 8 
qo, = QIE? (0.008143) €49.94)(0.0018) |, 5 304 E 
11 — 49.94 llla) 
Solving Eq. 2.43 
G2 4. Ра. (0.013 21) C(4.646) be Р г 0, 307 
= ——6——— a — — — 52 00.301 — 2 i 
СЕ 0.22. + Wo 0.6353 ý int >e C2) 


2 BCT) - Pa CT?) 


The temperature Ta can be ole ed, from an energy cate balance which reduces 
with assumpHons listed above to 


до > : ‘ А А А ` 
0 = A ve tL ma hat Му J + [maa hart mva hva J — [^as Маз + Mvg hve ] 


ое 
б = ma Lhg оид, | + ^as [het Wa ha. | -Ma3 | ба» Ta وس‎ hg 2 J 
Solving foc № Wa ha» 
h + CO h = Mas Lhe st wsha; | = May, Che + دا‎ ha, | 
Ar 2 42 е — cm — — — — 
Mas ^ Mar 
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PROBLEW 12.92 (Contd.) 
With data fom Tables А-2Е and А-22.Е 


he ca; = ERN | + (0.008143) (1040. 3)] ~ 4444) | 123.01 t (0,0018)(1085, 5)] 
2% Wehgr = 





= 142.32 BT. 
| ibla) 
@ This equation has a Single unknown , TL. Solving iteratively using table data 
gives Т. i4.Q oF 


Returning to Eq. (2) 


SS — —— — — 


0.3071 
= DOE 3% 


To qef the mass flow rake at 2 
Woe Mart Mya = Mal IHW) = (Maz Ma, \Cl+we) 
= (11,%- 4444 зс 1+ 0.01327) 2602.58 B g — wv 
min 2 


l. An alternative Solution thet avoids iteration with table data is obtained 
using LT, as follows : 


[Т Code 


T1 = 55 // °F 

phi1 = 0.2 

p = 14.696 

AV1 = 650 // ft?/min 
T3266 // °F 

phi3 = .6 

AV3 = 1500 // ft?/min 


IT Results 
о = 0.001816 Ib(v)/Ib(a) 


фә = 0.01328 Ib(v)/Ib(a) 
оз = 0.008154 Ib(v)/Ib(a) 


w1 = w_Tphi(T1,phi1,p) 
w2 = w. Tphi(T2,phi2,p) 
w3 = м Tphi(T3,phi3,p) 
h1 = ha Tw(T1,w1) 
h2 = һа Tw(T2,w2) 


h3 = ha. Tw(T3,w3) 


mdota1 = AV1 / vat 

vat = va Tw(T1,w1,p) 

mdota2 = AV2 / va2 

va2 = va Tw(T2,w2,p) 

mdota3 = AV3 / va3 

va3 = va Tw(T3,w3,p) 

mdota3 = mdota1 + mdota2 

mdota1 * w1 + mdota2 * w2 = mdota3 * w3 
mdota1 * h1 + mdota2 * h2 = mdota3 * h3 
mdot2 = (mdota3 - mdota1) * (1 + м2) 
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m. = 49.96 Ib(a)/min 

m | = 61.79 Ib(a)/min 
a2 

m = 111.7 Ib(a)/min 
a3 


(AV), = 850 ft/min 
To = 74.71°F 

фә = 0.7215 (72.15%) 
— 62.61 Ib/min 


PROBLEM 12,43 


KNOWN. Moist ar at Т, 2 30% > Р. = bar, ф : 50°, mz 3 kg [min mixes adiabatically 
with saturated air at T, = 5°, р.з bar, Ya s Skq/min to produce a Single 
mixed Stream at Ёз 2| bar. 


EMD: Determine P3, ту, aud the exergy des Frachew rate. 


SCHEMATIC $ GIVEN DATA. 


Ti? 30°С | ULP PP IA А 


ЁР, che (bar 






4,7 50% f 
| -" 
2 ^ 3° 
Satvrated air | 
Ta = 5% Y Ey = 7 


Ass لے‎ 
муз 5 و‎ ЛУГУ уг" 
ASsumprronss:(h) The contol vetume shown fn the асе Olu pany rng +; ure operates 
at steady thate wth Qeys Vy zo and negirgrble effects of Fineht and potenta energy. 


(2) Each stream сом be modeled «s an ideal gas mixture. 
ANALYSIS. At steady state, mass rate balances reduce іо give мл. = mem. and 
Wa, * Mart Mar, va у + My 2. Also, for cach stream үу = Wat Үлү = Mma Cl C). 


Accordingly , Maz 004 = Va 00, + Ma, Wa’ or 
. • G2, ы id. : 








tO, = - 
Wait Y сз. Mi Ma 
Стао 16 ( 14-00 2. 
ы w, and €. ур, 2d, Fg) = 0.5 (0.04246) = 0.02123 bar, р, = Ф. Раст.) = 0.00872 bor: 
z 0.02123 ) leg Cv) _ ( 0.00812. \ 
Gd, = 0.622) | = 0.01344 —— |W, 0, ——————- | = kg (v) 
ere — kc? * 0.622 оро ал: | ^ 000543 kota) 
Acordingly m OBS 
6.013 eT ME j 
Ws - 10 +l Toes: jen «(coss 105) 7 - 0.008463 100 
C 3 z) ( 5 kg CY 
1.01344] + 50547) 
Solving Eq. 12.43 
ud .00 8463 
Py. = Р. оз Р C1) (0.00846 cerei ido: $ = Pus . 0.01342 a 
3 O,622+W3 0.63046 * Рс Pg (Ts) 


To fad Tz ) an enersy fate balance reducer te 
О + ps Wey x ea thaw Rocher) Cer Nt vs hve Je ду hag + va hy? ) 
۰ ы lA 
arf enam] * warf har + win?) 2o Уау С ووا‎ + “3 33.) 


ov 
б = 


marti kya 5 Dac Саая hg) + Was D hast te hau] 
| Ma, Ма 
Ma, > M, i+w = 2.46 lg CA/ min , Maa” Wa / Cita) = 4.9128 kq Co / min. With dota from 


Trew 


Tables A-2 , A-22. 
C246) [| 303.21 + (0.01344 )(255 6.3) + 4.41 28 z1 8.1 +(0.00841)(2510.6) | 


ha و‎ зла з= (236 + 44728) | 


= 306.95 eqa) 
O This equation has a single unlewown, T5. Solving iteratiy ely using table data gives 


pul о ды ee cee ee ee OPES ——-T3 
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PROBLEM 12.43 


Returning to ве, С), b, 


The exergy déstvuction rete. у 


0.01342. A 
jo ОВИ аф 


3 


Ob tained fr ow, Ед 2 To — Р, Ww hese Tey to 


the v^ kt of entrony produchion From an entropy rate balance whch at Stea dy 


Ste te re ducer te 
0 


О =. >= + (a Ta CT: , Par) +4 уу (Y, Py.) ] + ( war Sa CT, Par) + hv $4 1) J = 
J 


oC 


(May Sa Сту, бау) «уз Sy (Ta, Pa) + Tey 


Tey = Was CSA) Par) + G3 Sr Ch, Prs) ) — Marl Sa Cn Pa) tw, Sv CT, Pri) } “ar On, Per) +r Sq ay) 


1 


marl vt (Ty, Pas)- Sa C, par) | + War (за Сту, Аз \- ХАСТ Par) | ~~ маз Ga, Sy CT Pvs) 


-mai ©, Sy (T, Ру!) -mar ونه‎ Sg Ch) 


From E4619 Sy CT, py) = Sq CT) - Ru, Linh | and они €4.6.73 for the dry arr 


= 
R 
— 


M 1 1 ۶ * f “ч 
Tey ^l | шебше? Ma Pai | STANS [ п к Ser 


Par 


€ way, [ S. 0) -È bn Pz | мл ( $5 ch) -È £4 4,] = Warr 9 (т) 


From previous Calculations: Pa, = 0.97877 bar, Pag? 0404128 bar, сма Ph, 170.0342. 


0.98658 bar. Evaluating Tey with op, 


LOOS k/k- K 


^ 2. A . 
S, = 2.46 [1.005 (лл 598141 8.314 daa 9.38658 |+ 4 A128] ооз Фл 297.5 8.314 9) 5:3665£] 


303 21841 


6.97811 


278 28.97 0.99128 


42230. 3) | 8.14544 ~ 8-314, ~ (2.46 — 
(1.43230 008463) | 544 TTA 0.818 | (24 (0.01344) | 6.4533 S07 M д, 5 | 


(4.9128)(0.00544)(4.0257) 


= 0.009828 min 


the exergy destruction rate is then 
E, = (243K)(0.007828 





Erie) Em] | Le 





= 0.048 КМ. Б, 





bO S i J/s 


i. An alternative Solution that avoids iteration with table data is obtitued 


using IT, AS Follows + 
IT Code 


T1230 / °С 

р= 1 / bar 

phit = 0.5 

mdot1 = 3 // kg/min 
T2=5 //*C 
phi2 = 1 

mdot2 = 5 // kg/min 


w1 = w Tphi(T1,phi1,p) 

w2 = Ww Tphi(T2,phi2,p) 

mdota1 = mdot1 / (1 + w1) 

mdota2 = mdot2 / (1 + w2) 

mdota3 - mdota1 * mdota2 

mdota3 * w3 = mdota1* w1 + mdota2 * w2 
mdota3 * h3 = mdota1* h1 + mdota2 * h2 
h1 = Һа Tw(T1,w1) 

h2-ha Tw(T2,w2) 

h3 = ha_TwT3,w3) 

w3 = w_Tphi(T3,phi3,p) 


0 = mdota1* 51 + mdota2 * s2 - mdota3 * 53 + sigmadot 
Edotd = To * sigmadot / 60 

To = 293 

51 =sa_TwT1,w1,p) 

52 = ѕа Tw(T2,w2,p) 

53 =sa_TW13,w3,p) 


IT Results 


+ = 0.0135 kg{v)/kg(a) 
2 = 0.005486 kg(v)/kg(a) 
оз = 0.008477 kg(vYkg(a) 


m = 2.96 kg(aYmin 
a1 

m _ = 4.973 kg(a)/min 
a2 


m = 7.933 kg(a)/min 
a3 

б = 0.01009 kJ/min-K 
CV 

Ts = 14.41°C 

$3 = 0.8167 (81.67%) 

E - 0.04926 kW 


~ je „м 
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PROBLEM 1а.44 


KNOWN.: Steady Stu te aa ut data are providas 
сомї ид of o“ deh vns d 


ta a уме mer air —‏ رں 
Бот.‏ 


fo с Ly Shee 
‘er followed s adi abah vu 9 


nr. 
De C Wo rale watan UV A wove d A roc. na weist air 


passin S E da ما‎ vwu da G v, Cb) pu dem pera furs anol 


Bad. v v ил — sheam ам vns Иа, wusing Cha mts. 
SCHEMATIC T Given DATA: 
la La ы E ed ВА 


— —  — — — 







—_— — — — o — — 


mixin 


© агы Lahn 
Ger), = Dove 4A Yuin 
ASSUMPTIONS: (C) Ths Con rol Volumes Shown at de^ 


Stet. . QI Pov th, Control vs uwa Rey 20, Wey 20) and alt Kinetre/ potes iet 
energy ерес Can be (is vwered. (2) The moist AIR Streams ont wo dated 
OS Adee مهو‎ wey tures. (4) pz la м. оо А 

ARALTSIC. t) Mass AX helanes fr dry air aud wats applied GTC 

de humid рар Aow ex t у vx Wo: wal 0,7 w) 


Using Ф, ) Ф, aad Pa ot T) Ту 
C», О. 622 lo e(o: 73 0.013 ر‎ w, = о.оз2(о.а (6.23%) 
14.7 - ©.6 10 5073) 14.3 m ©. 4 () 0.135 26) 
A150 е7 6.3) (o. 23 6] ei 'i«* 
snas s АМ» NO). Ba _ (о, ооо YD Bn 44) qu 


Ez z Te Gas "T \(s18°e) 


Тим) мА с 45,302.у( 0.01315 0.00921] 


= о. бо а 2.2_ 


Jem = 45, 300-5 Ё. 


(ه) ⸗ — 178 4 


(to) Follow. n4 Has de velop wen © of Sec. 12.4. 4) mass Aate ond energy rote balances give 
— Wwa Mart Wg млаз Marha: Маг (haa+ wz hg.) + mag Chaz+wzh93) Ch), (2) 
Ware Was mar * МА ах 
7(0.®ЬЎ | ИГ 
For Stream 3 147 - 0,47 1 РИТЕ " 
14. 212 (1 g 
wg د‎ (0. 2247 )(0-8IGS) _ 5 91657] ر‎ 37 (аг), мз Раз — _ Goo (e ttez (18 ) 605 a 8358 


(4-1 - (0-471 0.8165) Eon (m (sss) 





Thue, 2 4" Ci) ہو‎ inte 
. 004 2 45302.5) + (0.0167) (8358 ) 


= о. 601034 
(2. 5302.5 + 9358) 


TET Axe uk A Problem 12-70 › A 
© ү 1 А 4.51392. TED (e. 24)(S0)+ 0. 009 (rarae. XSD], 
o.24 Та (°F) + © 1o34 [toot + 0-444 Tel F)] = = (25222 


fu sare ١ [e 24X ar) + 0: олы ее] 


$3, 660. 


= 26.63 Rw/lblda) 
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PROBLEM a C Crtuued) 


ос 
0.245 T(°F)= 13606 =? 7ш- (3.79۴۳ ص‎ Та 
To find %4, lve Ep .43 & үз 
Pra = Wa Ра _ (o.oto34)14-3) олаг lbt 
оа 40-622 (о.о 039 + 6.622) ins 


d= + - PONS. apa (36%) 
4 Pq a 0.1422. — 





\. Адма илз Cac tre 960v avorde an i Herat we gŞoluh o^ ^6 Ez 2) 
وہ مھں‎ toha doda. 
d. The pwuhlem Lo reads le Solved USing fu. p:e دا‎ mae Рут ‘С C bt, 


шат ^a du сли C vri daya bly furs co mp «fxh oa AXES DP oL ALCO CEN 


12-122. 


PROBLEM 12.45 


known: A Stream A ow at 60°F lata, P= 20775 PS £x ed абла lo a tv catty 
— wi Tn a meam at ОҒ, lahu, @ = Во. Asim wey e d Stream exc. 
FInd’ Plot tue tewperature q UA exi has Stream verfus Hu ла Мо A fie 

мА Ѕ Г {ч (oo + cys air preatnd in Tor Tuo е Ку WAS. 





SCHEMATIC $ Given DATA: 
Ti: 6o?F 
fz lat 
Ф = 30% 





ASSUMPTIONS: The con fvel Vvoluwe shown ги the accom pany rng Fig ure rs «t 

Ste dy ttate with Qey= Weys О and negligible е{{ес+ of kineh'c and potential energy, 
ANALYSIS: Ca) А} Steady state mass rate balancer reduce to give 

"a? . 

hiv? => w, Mart ©» Mae = وسا‎ ma? 





air, mat tuar 


water: mvt + у> © 


"fuu А 
1 % mal а) 
w, Mat Wy mat | — j) W + Me сә, + чә 
t da — — А ст ott s = í — (1) 
wat 


where ts Mar maa. To And C2, Curragh وس‎ ) Py - ф, P4 m): 0.3 ( 0.Lf63 )= 0.6 76+4 о, 
Pre Ф, Pg CT) = 0. Ӯ (0.64 8F) = 0. 559404 lof / S. Then 


шу 0-622 Pre . Ob ( о.076&<) ± 0.00327 lola) 
lh 


R -Pv 14.546 - 
وس‎ Ob? Рр . (o.&11) (0.59104) _ 0.023547 с) 
с. -wa 14. (3696 


At steady State an Cuersy rate balance reduces to 
d ы : 1 ИТЕ 
0» Bey - Wey + Cha ha, + n A IRE C wai har + Су hve) - Сказ Мај + Vi уз} 
Tha s 


0 > wav War + w, har 1 + war Lhar aw her) - “аз [маз + wy з ) 
or 
War Chara "i ha: J + War Chart wa hga] 
TALE T a ا‎ MED S 


haze 3 Маз 2 | - 
mart WA 
Es h 
(at [har + = ug] + { hae Uo, at] 
payee 
(Romas ) t! 
ect hart (^47) Lhar + wa мат) (2) 
аа 
rtl 


n 


Combrning Eqs. (1) and (A) 


(3) 





haa + Еа h43 = r Chat + 94^ Agr] 4 [йаз + wher) 
3 е f — 


Using مط‎ Ase ut А T ° ehle 1>. TO, ha twheg |} 20.24 TCE) + (1061 + 0.444 T(°F)) 
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PROBLEM 12.95 


Accordi ol y 


hara 0.24 (бо) = 14.4 Gta) ‚ Rar з о.ъ4(ао) * 21.6 б/у) 
ngiz 1060 0.444 (со\» 10 7-64 Bis tov) 
Merz (060€ 0.444 (40) = 1100.46 / lol) 


Eqvaton (3) loe comet 


0.24 Ta + Cait we [oer 0.444 з | - 17,957 г + 4% 6103 
: 3 + noo 


or 


14.436 r+ 22,583. 


re f 


0.4 + о.444[ 7637 | Tz = 


Where wiz 0.00327 and w= О. Озх $47. For с=т ‚ту = 10,26 °F — T3 
сь) The data for the required plot are obtuined using iT, «s -follows : 


IT Code 

T1 = 60 // °F 

p =1 // atm 

phi1 = 0.3 

T2 = 90 // °F 

phi2 = 0.8 

r=2 

w1 = м Tphi(T1,phi1,p) 

w2 = м Tphi(T2,phi2,p) H Results 

w3 = м Tphi(T3,phi3,p) оу = 0.003269 Ib(v)/ib(a) 

h1 = һа Tw(T1,w1) оз = 0.02457 Ib(v)/Ib(a) 

h2 = ha Tw(T2,w2) оз = 0.01037 Ib(v)/lb(a) 

n3 = ha, Tw(T3,w3) фз = 0.6577 (65.77%) 
Тз = 70.26°F 


r*w1* w2 = (1+ г) * W3 
ге 1+ А2 = (1+ г) * N3 


PLOT. 
90 
As г» оо , T, T, 60°F, as 
expected. 
80 
m 
[2 
70 
60 
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PROBLEM 12.46 


known. Operating data are provided for tuo moist air Streams mixing адан cally 


oct Steady Stade. | (АУ) = 2770 ft/min 
EIND: Determine the exergy destruction rote. — 
SCHEMATIC $ GIVEN) DATA: $ = 50% 


ASSUMPTIONS : 1) The contro] volume shown 

operates at steady state with Gey? Wey? О 

and negligible effects of kinetic amd 
otential energy. Cz) Each stream is 


Modeled as ам ideal gas mixture (3) Lek T= 555°. (Av) = 3000 ft/min 
T = 120°F 


ANALYSIS: To determine the exergy destruction Ка I atm 
rate, we first fix State 3 Usthg mass ancl 
energy balomces. At steady state 
Mr: Ma (+ Maa = V^ дз 
waker: My + Mv = my +> &, Ma, + Wa Mar = о) маз 





Thus 


Wi Ma, +W2 Mee 
Mant Maz 
TUE _ Pvi bev) 

At stałe t, Py, = ф, PaT) 20.5 (0.3013) 20.252365 16и: j 2.622 7-7 :0.00042. — 


CQ = 


3 (1) 





: . پا“‎ (у 
To find wW, , use Eqs. (2.53 and 12.52, respectively , with Tup = Tas - 


CTwb 2) 0.54 6"1 
Ws OLL a | = пала = 0.02632. 


сә = (PaC Toe Та) + ш’ ие Tuba 0.24085 -120уғ (0.02632) (1045.45) 
- Ы арене ы ынна — 
hgt T2) — hp rwe 103.5 — 53.08 


(су) 
= , о — 
0.01605 lola) 


Aso We Р 


у 


_ (0.01803) (14.646) 
> Wta 0.64 


The uss flow rakes Wa, amd Wage ave 
_ (P- Pw CAND, 14.096 = 0.25265) Min? ¢ 2770 Hud 


28471 Ib- ° ° 


(14.696 -0 414) (3000, 144 — 
Wig —— 
1545 5 Д 

yeaa ts 


= 0.414 bfln 


144 1 MC 








lb Cay 


мї 





š i N \ 
Mas ® We, t Ma, 2 544.5 әсе 


А+ Steady state the energy tate balance reduces to 


© = Дун + ma, Ма, + Wry, hvi |a Саъ haa + Wvehve} = [Maz has + mvs hvs) 
Thus | _ | 
O = Ma, Tha toh, | + Marl has + ےس‎ 4] т мазі, has + оза] 
or : 


Yr 
Nast 23 qs е — J ha rho, hg, ] + Lu 


| 22. 
Wiss { haat Wg h 4 zi (2) 
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PROBLEM 12.46 CCmt d.) 
Using the result of Problem 12.10, ha +оо he = 0,24 T+ co (1061 + 6,444 T). Thus 


hat Wiha, = 31.114 Bly Ibia 
haat со. Wa. = 48.84 Фкл/ ibia) 


From (2), and using В.С) to get Wa = 0.01441 Ib (vi tb(ay 


` = 2-00 (44. 5 \ " Е = 
haa мо hg, * E 31.414) aa (46.84) = 4502! => T = (OC. ba 


The exergy destruchrn гаје is Eq = Т Oc, where Gc, is the entropy production racte. 
From ам entropy balance hreh at Steady State. takes the form 


° © - ` ‘ 
o: 2-8 ah C mar Sa (Tı) Ра.) in d ^vi Sv CS, А )) < L war Sa (т, far) mre Sy (Tr, Pula Sa (Ty Раз) + 


“Уз Ty (Tr, Prg) It Tey 





Cey = mas [Sa CTs, Pas) +s 50, Ara) 7 Wat [Sa (Ty Mar) жш, Sy (ту, А) ) = Maa C Sa (Ту, Pya) + Wa Sv (лу, б) 


= Ma CS. C5, Par) - Sa Ch, Par) ) + "ax [Sa (Ts) Par) - $4 (Т, Par) ] + Wag wy Sv CRs ) “аз os, ty (To Pn) = 


ar шу Sy (Tx, Per) 
From E€. 6519 , Sv CT fy)z (т) ~ R/Mv Lid jand using Ea. 6.23 for the dry arr 


w ту Ё ty Par т. Ê a. Pad وس و“‎ [ха т) È м Ф, ]- 
Tey s wafan IE i d +a] مم‎ ^ 2- E. ые sium E, O8) 


Mart (Sq (%)- Е 4^ 4, ] -waw [se т) dnd] C3) 


From above Fa, = P~Py, = 14.646 0.25365 = 14442, and Part р-р. = 14.2872. Now 


- VP _ —* - 2. 
уз 622 +03 0.334 | П ТУУ => Far, = P-Pvy 214.362 Ve 


Tnserting Values tto Eq. C3) 


к SOOL 1.466 | 14.362 S6G0.| 1986 | 14.362 
Sey [ сао 7811 In 14442. l+ | ^ жес T zaa — 


399.5 (0.01441) 1481495 - ее lu 0.3504] - 200(0.01042) [2.03 56 ~ 1A BE In 0.5 | 
- 144.5 (0.0: 803) [1.9336 - 1886 |, 0.244 | = 0.08014 ulmi 
(8.02 eR 
Fibally 
£4 > Tee 2 655)(0.06014) = 44.84 Beilin а 
ITE AE ee EN SSG ee 
l.The Collowing is a much simpler solution thet uses the psychometric functions wit? 


ІТ Code mdota2 = AV2 / va2 IT Results 
mdota3 = mdota1 + mdota2 


T1280 // °F FAS ds : о = 0.01091 Ib(v)/lb(a) 
a mdota3 * w3 = mdota1 * w1 + mdota2 * w2 | 
ун ш ОИУУ w2 = 0.01799 Ib(vy/Ib(a) 
phi = 0. — * " $2 = 0.2441 (24.41%) 
_ mdota3 * h3 = mdota1 * h1 + mdota2 * h2 2 
AV1 = 2770 /[f&/min h1 =ha_Tw(T1,w1) вз = 0.01445 Ib(v)/Ib(a) 
vai = уа Tw(T1,w1,p) ho = ha. Tw(T2,w2) ^ 22004 Iblavmi 
mdota1 = AV1 / vat oS ИИ 


w1 = w_Tphi(T1, phi1,p) pene E] | | 
m: = 199.6 lIb(a)/min 
_ Я 0 = mdota1 * 51 + mdota2 * 52 - mdota3 * 53 + sigmadot a2 
о i 51 = sa_TW(T1,w1,p) 399.7 Ib(a)/mi 
2 ° ET — 1 1 m = aymin 
Twb2 = 85 // °F $2 = sa_TW(T2,w2,p) a3 


Жш Шс ы 53 = sa TW(T3 w3 p) h1 = 31.13 Btu/lb(a) 
Re E h2 = 48.8 Btu/lb(a) 
о, Edotd = To * sigmadot h3 = 39.95 Btu/lb(a) 
т МОВЕ ó = 0.08154 Btu/min-°R 
CV 
T3 = 100.1°F 


E = 45.26 Btu/min 


PROBLEM 14.47 
O perakna data ove provided for е Coeli. фо co ev ما‎ 


KNOWN.: 
Services oœ power plant. 
Рем 0 De {еу илл ка tre mess flow rakes Y i Ир a ues p At ИС, 


aur and the wake bp water. 
TEHEMA mer CEN БАТА: 


4 T4: 35°С, fa s lod, $42 40% 













3 
Lt 25°С 

Pa = lat» 
Ф, 235% 






makeup water 
at Tra 20°C 


ASSUM (TIONS; C ) Tha tento! Volumes Akec fj The fig oa are ot с tea dy (EA 


witu ^€53Uu3süle Rev | су and kinetic / ps ben hot *atr$y е й. (2) 
Tor Xs streams’ lwo, ne We CT) . 

Акм SIS. The mass few Frakes at h2 ons quad) Yn, Aw 2 u era 
ما‎ cooling water sida et ee Сом ёи фу Ls Qi s [h~ ha J حت ر‎ 


balance on 


3 
^ Фе _ $36 yr) Ks = tot <в/$ 
М-и Cle. 6 - #4) EVs 


Ww — 
N e«t, For a cea ivo volume Vunctoting ttre cooling tuer ) wa 13 cA mee a 


Mit МУЗ Met Wag ЛУЧ 

See m n : А 
мс муд = МУЗ = Mal Wa -tos ) Ci) 

The masis Slow pate of the euterrng atmospheric ату i's 
6 ~ a ГА C2.) 
ma z ma “v3 = Mal it 3) 

From Є45 ti) and (2) it гу clear that ma, G3 and Uy moet be tvatua ted. 

To find We and Wig › werte Руз = ф, Py 0) = (0۰39(٠ ©8169) : 0. 61104 ber s, 


Pra > %4 Pq Te) = (0.9Х 0.05028): 0.05065 bar. Then 
| 0:0506S 
Egla 


“3 1.01315 0.01104 кӯ (в) 
“Tne mass flow rate We can be found fr oun. Aw Фе rgy rate balance wh ‘е a 
ot steady State reduce: То 
0 о 
O< iy Wey + Cre hag 4 gg] + hih + she — ha ha = Chia haga Hve hve] 


Ta vodu eng E4۰0) | 
Oz walhWares аз) + Mi (OG) hg (Tay) + ™ a (4-99) hg (Ts) ~ wal haget 424744] 


Solving for M д. 
mil ^O) 7 he] 


Vas -haq ) + Wa M3 - ©4354 + (wa-w3)he (Ts) 
Q 0261 4 lfc 


4o,ooo L 84- 167.6] 
344.18 - 508.23) 4 (0-00 688 (23412) - @ 0327 Y( 2565.3) + (0-0327- 0-00ЬЁ)( £3.96 





With Wwe y We, and Wo, e$. C) g ei Morte 
2 —— — — — — 
ws awa (wa-Wy3) = L1,2@1( 0 072 7- 0:00688) = 29۹0.8 k9/4£ 
Aw. air 
«fj ———— ——— — —— —— 


Ала G4.G) que 
Wat иа (itz) = 26:1. оов I= (398.5 91 
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PROBLEM аад 


ke KO WW ы Seedy SX» e. operativa dete ore vov da d Te Д. Cwoling ower 

Fiend: Plot the wasis iow rate et dry ain Verrius tO temperature of 
uc. cooled Loo tey exits tha Hwer. 

SCHEMATIC È GIVEN DATA: 

Satvrated air at T4 2 100°F, Pq: іаїм. j ®А 2100 %, 

l 









| 
| Liquid at Tn *120*F 

3 У “2140 lols 
R= 20°F 
R = lain 
Ф; * 30% Lrquid at Т». 


ASSUMP TIONS: (1) The econdrot volume shown rn the accompanying Figure operates 
at Steady state with Q«y = Wey = б and neg lrg: ble effects of Kinetic and 

potent et energy. (2) For Streams land 2 = hg ёт). 
ANALYSIS: А+ steady State, mass rate balances Hive Уаз = maq = ma and 
To find Wy and Wa ر‎ write руз з Ф, P4 (73) = (O.30KX 0۰5073): 6.18219 Woflin, Pra ` Py (100°F ) 
2 0.@F03 lef/rA*. Tren 





Ween 0.62 | - 25213. = 0.0005 le(v) ша 2 oor [21m3 lb(v) 
и К ра ы уа) ? х 14.616 - 295 03 ا‎ (ьа ) 


Tre mass flew rabe ma tan we found from an energy rate balance hoc 
at Steady State redeces Ъ 


Oz ihe - Wey + Cries haze бутуу] ty Wim Ma Саад + Wvehvş ] 
Tn teo du еск Ea. (1) 
Oa Wa has + w3 43] + m eT) ^ Lm, + ma (2-04) [ heln) ma Cha + 4س‎ hse) 
Solving tor Wan 
wa C he (Y~ he CT) ] 


Ma > 


4o [ FR - ^4 022] 
0.34 (106-80) + 6. 043)(165) -(6- XT 4) + (0.043 - 0.006 5) h, (72) 


"t 


— и) 


jt 


isolate NOM) _ (вуз 
45.1%% +h (0.0365) hy (7: ) 


Sample Colo lw: Whan Th = SooF, МСТ} = 
ma = 4.28105 Ib /А, 


the data for the required plot are oblumed using VT, as follows : 








48.04 Btw/(5 . 6۹۰0+) gives 
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PROBLEM 12.48 CCodl'd.) 


IT Code 


T1=120 / °F 
mdoti = 140 // 16/5 
T2 = 80 // °F 

ТЗ = 80 // °F 

p3 = 14.696 // Ibf/in? 
phi3 = 0.3 

Т4 = 100 / °F 

p4 = p3 

phi4 = 1.0 


h1 = hsat_Px("Water/Steam", psat1, 0) 
psat1 = Psat_T("Water/Steam", T1) 

h2 = hsat_Px("Water/Steam", psat2, 0) 
psat2 = Psat_T("Water/Steam", T2) 
w3 = w_Tphi(T3,phi3,p3) 

h3 = ha_Tw(T3,w3) 

w4 = w Tphi(T4,phi4,p4) _ ene 
h4 = ha Tw(T4,w4) IT Results for T = 80°F 


юз = 0.006503 Ib(v)/Ib(a) 


mdota3 = mdota4 4 = 0.04265 Ib(vy/Ib(a) 
mdot1 + w3 * mdota3 = mdot2 + w4 * mdota4 D a 
= 135.3 Ib/s 
0 = mdota3 * h3 + mdot1 * h1 - mdota4 * h4 - ااا ا‎ 
mdot2 * h2 m = 4.72E5 Ib/h 


mdota = mdota3 * 3600 // Ib/h 


PLOT: 
700000 


650000 
600000 


990000 


(Ib/h) 


с 500000 


m 


450000 


400000 


60 65 70 75 80 85 90 
T2 (°F) 


To achieve more cooling С lower liquid temperature exiting the fewer) , 
requives Increased aur How , at expected. 


PROBLEM 14.4 q* 


KNOWN : Operaty dato ore Provided for e. 







а, foie rn at Steady State, 
Fi OD: Determine the mass flow rale of the сое led water stream ex hug. 
SCHEMATIC © GIVIN DATA? 

(4) Q4 216070 , T4 120 = 
T, 120 6 
® va, = (00,000 felh 
T - 50% 
Чоң = 3S E — 
у 10 p 
V^ P 
ASSUMPTIONS · (i) The contol Velvme gblrows (4 at steady staile cord 4 


Qe > We 2 © and negligible effect of kinche and potes hal energy (2) for 
Seams i and 2 là zd). (3) The Pressure os Constant at latm. 


AN ALTSIS: Conservahon of WiaSS at Steady s tate: 
(c) Mag = Wag = Ma 
(water) wy mus = Mate “V4 


Camo ming Qwes, Mam m | YM д ор)" 


A Steady State , an елес y rate lok lance reduces te 
Os mh xm й + mal a+ & ^v); — (ha hy )4 | 
Coliechng results ) Ona Using Wye мст, )j ha = he (72, 


2 с E | жора ё — [i , h £ (7, 
O = wy { het) - b 08) | E v^ a | Маз- has + wg hgh پد‎ haa (w, аҹ) f ) | 
etus ey 


а үл | (мст) — hy (7, )) 


— + wzhy -04 hga (0275606) РЕТ) 
Cpa Ch -T) 


Fom Fig, A-48, о, = 0.0010 lb(v)/ lla J. SHUA 13 off the chert, fo with Pa Ct) 


27 ~ ©, дахаи = USO 
i | Рту, —— 


Then, wta Seam bhele dao~ 


(100,000) ( 58,09 ~ 47.48) 


0.2ч[5о 120] + о.оо‹о ((083.3) 0, 130% (l (3.5) + 01293 (3909) 
= 38,42 lola) ү, 
A € cor da e ly | E J Е 
Y^ ут M] tma (w; 4) 


= [00,000 + 3§,420 (0.000 ~ 0, 1303) 
- Qs, 0 32. 2 
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PROBLEM 12.100 


Е Mowns Sten dk, shta Operahng date are proui dad Kr- a соіа tow er, 
Find: Plot the masc Flow АФ Хад 4 +i dwy алг ang narah uy wusa. у Versus d. 
Th = Фое 









Liquid Water 
T= 100 PF 
CANT), = доо q«l/ wn 


Makeup waters 
Tes 80% 

ASSUMPTIONS: Ct) Ths control Volume Suet fun the gue eat Steady e . 
(2) Por the Conil Volume Rey, Wey jand Ii va he / peo le s h a nd сц e 
nesta sible . (3) Tach Anaquid &teeaw. Ù AR Sar dad oa a S e vec Xs d JA. ог d — 
ne CovveAS poe dac مل‎ wd ستل‎ 4( a weist AY streamn “a rep da dad مه‎ ‘dew 
$^ wo tares at late. (S) The qe uyo te Ta èe — < parame tr 


ronan ng ФЕ < Ta <100°R, 


ANALYSIS: llowiny tire стер Erauple 12.17 ) the barre Л ХоД го or 


mes Wa (004 - C29) 5 
Ma = Mik м-ә] 
(^a tuna —Chatwhg و(‎ - (e 3 pez (2) 


V Twb )Tdb& «+ 3, the prackrome trie C hort уч» 0: 2 .00066) Cha + why), z 
ab. 4 Bh /lble) . и tw T4, Фа tu. chart Fite Goa BO- vLE. Tho Valued 
(a+ hg )4 = (о 24) 90) + (e.o28) (I100-7) = $2. 4 B/l014). 


wite САМ). and VEClooF ), 


3 
e ооо 92-4 X о. 13368 
expe ( — зе ) 157-5 M 


б.о: œi? 437! le 


With thease date, Eq. laser Wes: wa ( 0:926 ¬ 60. 0006) = 0:021 4 mo. (3) 
бл à тү?) ме Ce» 
ہہ‎ 16 = gu " 
— (ўз 18, )( 6805 hfe] / lb 2 66.39 [ e3.ov - hee] (4.) 


($3.4 - 2.6.4) — (0.028 — 0.0006) (4.1) 
80°. Tran hf = 48.02 SF /lb . Eq. (4) gires 


Samele Calewlatim: Te = | 
€4.03) QU "vs 28.3» [6/9 . 


Mo = 66.3% (Ct-os- ЧЕ. 04 ) = 1324.9 bla)/mn . 


Data for Pe. reared plots are obtained using IT , AS Со (lows - 
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PROBLEM 12.100 ( Contd.) 


iT Code h3 = ha, Tw(T3,w3) 
Е А w4 = w Tphi(T4,phi4,p) 
o PR h4 = ha_Tw(T4,w4) 
ам ! a Jj °F JEn h5 = hsat. Px("Water/Steam", psat5, 0) 
T3-80 // °F psat5 = Psat. T("Water/Steam", T5) 
о p 4 mdot5 = mdota * (W4 - W3) 
phi4 = 0.9 mdot1 = AV1 * 0.13368 / v1 // Ib/min 
— * * t5 * h5 + mdot1 * (hi - h2 
T5-280 //*F 0 = mdota * (h3 - h4) + mdot5 mdo ( ) 
ее ории [Т Results for Т, = 80°F 
hi = hsat_Px("Water/Steam", psat1, 0) оз = 0.006453 Ib(v)/lb(a) 
psat1 = Psat_T("Water/Steam", T1) ®4 = 0.02778 Ib(v)/lb(a) 
v1 = vsat_Px("Water/Steam", psat1, 0) T>= 80°F 
h2 = hsat_Px("Water/Steam", psat2, 0) m = 1343 Ib(a)/min 
psat2 = Psat_T("Water/Steam", T2) a 
w3 = w_TTwb(T3, Twb3,p) m. = 28.64 Ib/min 
PLOTS: 
1400 30 
1200 25 
= 1000 
Е = 2% 
5 800 Е 
5 & 15 
w 600 ae 
= Е 40 
400 
200 5 
0 0 
80 85 90 95 100 80 85 90 95 100 
—— Tz (°F) 


From the plots, we see Jaat to achieve lower liquid temperature exiting the 
Tower, we need increased aw low. Also, Since: phere is more evaporation , 
г wate flow (< required. Both of fuese results are as 
expected. 
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PROBLEM 14.10] 


KNOWN? Steady State opera bng data are provided for a forced draft 


cooling tower 
FIND * Determine the mass flour rate + ne ea deris lı 4 vid S bre agin and 4 Со. 
о vf tm cooled lig wid 5 Медала ВА 


SCHEMATIC + gives DATA; 


Dy: ioe% 
Ty = 30°C, Ё > 0.48 bar 


Wey > - Зк UJ 





Tz = 17°С 
Р; = 0,98 bar 
Ф: 60% 


(АМ), | lon fre К 
ASSUMPTIONS; U) The Control Vvelume Shown is at Steade state wrta Фер О 


and negligible effect of bine Ас aud petntieot energy, (2) Tor the Streams ol 
band 2, Whg). 


ABALTSIS! Macs rate loa lancer at $ фел state J3 Maz? maq = ma and 


Mm, + у^ y3 = — W^ V4- >» ү = Ve 4 4 vaa log ~ 05 ), 
Calle hr , 
е — | | ^ 0.04246 | 
Ww. = 01622 (0.6)(o. 01435) = 0.0075 Kage) p wa = жа лк 20 OLED 
: 0.9¢-(0.6 Y 0.01439) k5l4) dS - 0.0 
| Ven Y 0.468372 x19) Plm ) 
plit M^ : 
"m (EYE X y ( BE как 240k | "en 
Thus 25 0.007) E. 
a à- 
v^. Vag wa ( Wg 07)? Gok. + (28.2 2. (о. 028 Kate) 
= 82.65 КЭ PU 
илл и 
An ew»ryy cate halance reduces at Steady stefe To ave. 
Oz — Г cy + "^a. | (naeh? (каа ои) | + ум | hy — hi 


Or, wit h= ty (Т) Ж 1,2 
- Wey + ha [ Cha + و( وا ص‎ - (haha )4] + w ht) 
500000 xe e еса з е. 


e 


| "^12 


í} 


he (Ta \ 


ma 
) 
— 
-(- вчу) + 128.12 К coy (17-36) + 0, 0673 (2532.6) - 0 02€. (25506. 3] + §2 o5( 7.3 
= و ا ل‎ = 
BO KG [км^ 
= | | o: 3 €3 
ES 


Ta by polahing wi Table A-L sive ک‎ “Ту == 265 Gy 
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PROBLEM 14.102. 


CNOWN: Stead, Sb. operating data ore provided der a cwoling tower 
P D: 


De ten unre (la) ths Went {Ао Хз 4, ما‎ dey Gir awk cooled Wwa TH, 
(^) Fhe towan rate of exergy doastroc Hr дул 
SCHEMRTE £ Glvzio DATA: 
E. e ET 


Saturated weist air 
“Ta = los °F, іам. 





Liquid watr et 10°F 


CAA, = 2 80 ка 
B 2 Bo? >= 
p> lat Ciqu.d Usain ot SSF 
Ф; = 404 


ASSUMP VONS. CU Tha Control Volume Shewn Th the fg wu is at Sted 


rh. 
(2) For t conwol Volum Rev, Sev; and Ска [roten hA екеу effects are 
кыз ble (з\ Coch Ai gud Stream 4 fexus rds oo a Sa ore Xa qued at 
frie corres gon dn 5 Hep ero ar. Са) 


The west ain seams 


advert Jas wx Hye (SF). Forthe exergy 


e^ treated مه‎ 
ve fevents gaV i romana) lot S? TOR 
APALTSISIG) Mass Aske balances at steady state Asad mags Wag aha , 


m o> WA | myg —- wv. = My n Wa (Wz wa) 


Ci) 
Pre. every ra be o. ect Ateh 


О - Ум he | mM Wer + wa Chat whe], - wa Ch. +whal4 
Or, wı h ®4 ¢) 


о = mi hey ~ Cm + w'a(W3z-W4) hg wm a That wko و[‎ - ^ al hay wha [4 
or, solnng fro ma 


Chsi ма)‏ ا ی 
тазыла l4 - Cha 313], 3-4) MFL‏ 


— ve ( he. - ма.) 


Az 
Cpa(Ta4 - Tg) + 4 igq- wg lg (шуш) Wea ) 


bo A 


ug > RAPID „oer (04°3018) = 0. 00871 





Р- pz fas 14.7 - (0-4)C 0.5073) 
(o.e11)C0)(^102 ) 2 0.07 O46 
ack 6.62 (P4Pea) - 2—2 
р - Фа Pga 14.1 - li 2, 
?/ . 
M2 av) A 25 tei 2 iste! e. 
^X ,Di6114235/ lb مم‎ n 


Lu sertius vo хала wl Є 4с) 


учо 078-02 - 56.07] 


maz 


6.241105 - 80] + (0.05046)(H07.2 ) = огоо FI ( 1096-4 (+ -opti7s)(S6-07 ) 
2 6790 ibla) 


mu a و‎ 
Vand Vi 
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PROBLEM 1.102. ( Continued) 


USA tw it~ © ф- С? 
maa= 15461 +4 &790(. 00871 - 0.05046) 
= LS, 17 8 l5 T" 
WA 
G,Y The rate of exergy deirochio con loa eva luoti d d^ ley л t 
rates Éd- To ty , Crd Sua ros ہہ‎ tu twn ч Asks Юел 0л Са 
4 -Fg4 


Y^ a 5; Cu) -Mm y Se CT.) + Ma ate. Pag ) + We 54 СТА )]- am a (Salm, Pas) +, 5) 


С Se (T3)- КЛ. Ф, 





th» 6и орч prodo chm 


ws 


S leem Table Da ta: Ghile eg) Cec. (2-4. 2) 
Ss CT) = 0.1415 E. Съ )= 2.03576 5 Sv Us, Pur) = Sy (5)- RÀ. Фу 
Se CT2)7 6.10 $61 34 ста) = 1.36 27 = 3.03$6- 98 00.4 
{ 


= 2.136G7 


-táth „Б=т- — 


Я = - e 4 at A —————— 


- о O'SAab Шай. "^ 


Also 





"TA 


д. coac (1-461) — 0.00871 (21367)] 
O Gs !$улаё(длозо!) - Is4e 16-1473) + 6740| 0.01526 + 0-0 


\ 401 Bre [мли Oe 


t) 


رف 
ғ (S hw‏ 
A = Т) T - (єз7°Ё) (14. ol Maius ©ё-‏ 
Bes‏ 2-5 75 = 








i. £^ re p4 balani xal coli ace е nd To ke sens: hve Tv found off, . 
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CHAPTER 
THIRTEEN 


REACTING 
MIXTURES AND 
COMBUSTION 


PROBLEM 13.) 


Kroown: A vessel contains a wux наге of bo% O, and 40% CO ои a 


Vass basis. 


Find: Deternune +ha percent excess or Per cent аб coe n uy "t O2, a appropriate. 


Аюл\т Sis: Por co vp lete Combustar of CO With tha woii mow сили wA 
of Or, Co+ 4 O», — Со. Conus cdr a 41р cok vnt wats 7 Илла da j nd 9» 























mfn Ид M, мде мА [МА 
©з оф 0.6 32. o. O18 TS. GS} — 
co 0.4 9.4 2.8.01 6-014298 ct 
6.0203 Мо, ү о, 5 
- * 1-0. (tm) = 
А excess 04 - ( 2-05 25. Jere у= [62 
PROBLEM 13.2 
KNOWN : A typrcek automobile burns gasoline. 
FInd, Esthmate the amount of CO, Produced, in lbj per gallen of Gasolina borned. 


Aiso, echmate the auwwuat of CO, prodvced , uw lb, aunuail 
ALSUMPTIONS. (i) for the Gomboushoy reac hon, gasoline if Faken af Cg to (2) 
Cow boston С Complete | Nz is inert, aad 3.76 moles of A» ассо ерлик ener 
wole of ол. U) The autewoble burns gas at th rate of 28 males / gal and 
Wave ls (2,000 mdec per ыбө, | 

AALY: Co wple + com bushagan of C2 Hag C0] wita tea there — 


of air iE Фес: bed by 
Санд + 12.5 (0,+3.76 №] >» BCO, + 4 H0 + 47 № 
The amoust of Coz Produced Cr then 
Blea (ces) ) (HO итге) = 3,08 lello) 


Ес Cet) ee ы (oy) 
О, The spec fre grav. tae of Jasoline w a the range 0.72 -0:78 ر‎ E ecu 


nO dense М w the nena 45 — 4+4 го. Ta being pe 47 Ie 443 F o 
VC asc (E galler vo 


2 Van te Y = 6.28 telha) 
masc fuel) = (o ence d X Е. ga 


Accordingly, The mass f CO, produced per gallon q asl: рро 


(c Аа) (Cor) 
, = оъ lalc). C. 28b Cf = (9.3 |b (Coz — 
Манеа | (ol fuel) ge z 9 


With assumphons (2) 


@ Mass of Wo per year = (1 43 lecce) ( 12, 606 cus ل‎ () ) 
= 9264 (6С )/ yr [= 4.63 bes] — — 





—— ج > ےج - ташышы‏ — = — 








f. See. , jw example, Table D. 4 of 
be Craw „НИ, Mew Tork , 1996 





datere«t Corm vc h'on oj J.B. Hey wood, 


2. The accumula tm | M qreenhouge gaes” m T0 eT voce ty) ала ر‎ € Los n s 
Co, CHy, оўоме, and chloro fluorocar bong- { 5 +бек hy Ила. uay to combs hulk, 
tœ g lobo? CoA vw n9: the Ase iw ocv Larth's 1e perature. 


۱3-۱ 


* 


PRORLEM 13.5 
оо «vole of Cy Hio and «4000 киі of ain enter a furnace. 


IC HS очо (ч ^ 
Cor, CO aud vnbhured fuat are A the Prodoct 4, Combortt'o. 
[ 0: De {ал Ае ua percent Cx cea lle or percent Left ci ent 4, air, at appropriate. 


Ser 2£ MK TIC ٩ GIVEN DATA: 





Cy Що — — M1 
VIS Y Со, со unburned feud ` 1 
Ar j 2 
4000 Pet td 
ASSUMPTION: 3.76 см4 1, M. accowpauy Cath Kut « Os гы aiv. Mais inert. 
uU 





Аһ AUC TIS. “The data Provided ore fer ec tot operah en: 


AF = — = 40.00 ко! (a) 
об kuat @ мз) 


The balana equathm fur Couple te combust with ee aor e I cok 
a veo evo ч; ar v 


Cy Що t GS (o, 42-76 f) > Ч СО, + € Чо + 2494 Pa 
"Сым arm / frst геа Һе ò 
6.5( 4-7 P - 30, Qy Ese (a) 





(АЕ) thee * ка Coat) 
йыда 2o 
* -— . — O e — 
Ae ey сес = (M (00) =24,% /o 
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PROB LEM [3.4 


KROwN: Thier cases Whur Cotte ts burned wt a'r, 
FIND: Obtain the balad Chana’ cal Ге сс A a. fur complete Cou Sut hon, 


ASSUMPTIONS: 3.75] моіе: о, кери на Cath, Vl ^ Os, fa foe агу. 
Mats fnert. 


AKA : 
ARAETHS: (е) Complete сои. Боз ton witu the theoret cot awmovnt 4 arn. 


CsHg + <(05 63.76 Юг) — 3 со, Ha © +18.8 N, 
Co) Cow. ple. te Co mbusha, wit 20% €x cerl arn 


Сз dg +(S Li?) (0. 3-762 ) — > cox 4 Но + KON + (з. )ф®.7© к») 


о (Ns Gtaet 2K => А2 | 


C He 4 С (оъ 3.76 уа) — «XO, t4Heot LOL -Е2 Уу Юу. 
Cc) Cow bush o^ co: ha 210% excess air. чо ® 4 tee fuel бг burned. 


C3Hg 4 о (02 3-70 юз \ ә о.і Hg + x Cort AHD күб 22.56 Vz 
C: 3 20.& + X = a7 O: lza 2(2.7) - 3.601 & 2 Y ÈIS 
kK: ё- ова 25 ә 2237.6 | | 
сз Hg4 Ф (ог + 3.2 4) — O.t сз НЕ + 97 + оное ы eL e PS 


* 
>» $? 








— حعو‎ DIST en 2l 24. 00 0 0m2 t 068 7 7 - r — a or xcu ru—Xzp- 3-5 asia yam am o Wai — о 2 











P Ro BLEM !3.57 


#2 if - d us UD te ла" М Lu 2 V." be د‎ 1 5 тз. j 
KNOWN + М ethane buras com ple te Гу t, th the хосс леге eue cat of Hey. 
CIND : Determine the balanced reach on EQ Oa hou. 


ASSUMPTIONS, O) 3.76 meles of Ny Accompany each mule of Cy in the 


ali Y аал d м 2. i & i ne rt И {2.) ти e£. СА ике ivyt t e E! Oy Р VG v! e d € 4 ‹ ES + и е. 
Vu wie ivi are un t. = 2 c Otr p! ete. Cin bus thor, 
Аы ATS IS: On e per уле [Є c { f ef раз, у 


CH4 TA Hata шт» (a QS xe EO 


©з ds f | 

Н 4 2% = x | 9v ох = 4 

О ah = ZAF Y - v= © 
{ 


Accor à ng ر تا‎ He balanced real hion € qv hema Ix 


C tia + 4 Но, > CC, + b HH» С e 
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PROBLEM 13.6 
KNOWN: A fuel vetare, with a Speefied molar analy 105 burnd cowple fel with 





33 95, excess аг 
Deternuwe la) 4^ balanced reachon езоа тои, (o) Ha air- f at vaho 
basis. 


FIND: 
Qv. е. wolar and a marss 
eath Vole of Оз га tee arr, Nais erb. 


3:76 moles of М, econ pan? 


ASSUMP TIONS: 
| welc of Fret wux ture, thse raachon equation фм 


OW thre oasis et 


А ъд, 
with tre theoretical aw-ovet A air ts 


Co v-oe te сил bv s fh ом 

(0.4 CHO LOS Ca g0 tH HO, 1 М) «(034 3:76 93) 

(&Co4 + 20 + (57696 0.1 Hx‏ چ 
C: 0.4 *COy(0. S) = ; Bz 0:0.4+ 0.5 H ZAM) +25, XK =2,|‏ 
H: (9) (0.94) +-(0)(0.<) =2 У, ¥ = 2.3‏ 


Twas 
(0.4 CHOC + 0.5 Съ исон +0. | №, )+2.l (оъ - (U 662 + 2.3 но 
+ 1440 ر‎ 


Ths, the ЛА С (У om uw Complete combpustron with 33% exes air vo 


(0.4 CHOC + 0.5 Cz tO U +0.1 N „J+ (35) (24) ( Oat %.7( й 2) -> LH соз + 243 н, 0 
| «ч ол +[(@АЛ%%(З7ь)+0.0\ J №. 


о: OY + 0.5 £U(21%3) =AB+e® 3-22 , KF 0, (43 
Ac cor Ил 
(0.4 Сиона 0.5 Ca исон +016.) ALTII ом + 226492) 7» L4 соъ + 33 # OF 
бз O 2. 7 (0.00 Mz. 


Ch) The are fot Te hoo 
= 2 (2.793 )( 4.76) : Бил Carr) 
Ar ы 29 Reet 97s а= 


Tue ومر‎ cuter عا‎ gin os 
Кл, (04) (32.04) HOS) CMG.) + (0.1) (%.0‹) 





= 59, 05 2. 
So A Ma. 29.41 » ( | keg Care) 
AF» &F X Me = (13.29) Gea 146| Es (un) j 
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PROBLEM i7 


KH oU nx ` ^ Spec: fred Coa wux ture burno co voc le te { widw dO رت‎ excess ак 
Fred: De dey voa ило ( oS 
шыс fei SOS. ar f га ће тезаги امسا‎ oer [tow Ла КА |, tor 


ASSUMP TONS’ 3.7 
алена ا‎ be Amol es € N a leomp а uy © aca, vele 4 о. in the air, NM a is inert. 


Ae AU ee: On Жа bass e. | уло (е. of {оз wary bare, Co wple t Сою f'n 
witt yha col Ves ive pud ar wy 
( 0.18 сна + 0.13 CHet 0.00 C3Hg + 0.017 Ca Hip + 0,013 N2) + 
«(0143.26 71] ә В Со. + учо c[376« + 0.013 J M2 

C:0.18 +1(0.15) +3 (0.00) +4 (0.001) =, | = 1.2.28 
H: 4 (0.78) +G (0.1%) +@(0.00) +00 (0.07) 22 V, ¥ = 4.475 
0: An =2 (1.228) + 2.27175, «к = YES 

Combuihm with 40% exces! ain Means pe the volens ftw rete шо 


АЕ =4 (4.85) (4.76) = 32.33 E Care) 
' l E nand (Jua) ) 
Thm, wh feed 205 V vt / hk 


- [QU] Еи (а) ИА, E ERR 


ғ 
Nair = 











PROBLEM 13.8 
KNOWN, A et Vua y. are having the rætur analyses balazs Бехи completely TT 
150% ef theoretical oxygen. 
ү 20% сна, 40% Hr, 40% KHZ { 


Ер: Deley mine the balance d reaction € оча hon, 


ASSOMPTION 2 Com OüOvston fs c en ole te and No iS iner Ё. 


ANALYSIS, Т её fct step is ft determined the. theceve fa ext СА VLA CC «A4 t of Oy » 


bua у tur Є. 


Based er Cie mele ef fue | 
+ A 0 م ج‎ ce, -+ Y'diO-t* & N 


( 6,2 CHa + 0.4 Hat 0.4 NH] 


с: 02 = Ё | u 
i (c.2)04) -t (0.4)(2) (0.403 }= 27 ر‎ Y- i64 
D 2x2 LA tY = 2(0.2)€ 1.4 * 18) «= б. 


“Thea, (or [oU e£ ее eek C 
WE y | А) 
+ (.5)(0. 9)0, 7» 0.2 0, + 1.4840 + 0.450, + 0.2, 


(6.2 CH4 + C.4HPt C4 NH3 | M ion 
[as — — 


PROBLEM 13.3 
KOWAL. Coal wrth e speafred wars analysis burns comple te ly әс С. 
12.0 "/ of +thaooreftr e air, 


EID: De rea (а) tra balanced reaction equation, Co) Hla aevet of SO, 


Podo ced w KS perks 4 Ce оф. 
ASSOMBTIONS: 3.76 Kiel N 
tese c M 2 accompany Cach kwel of Oi in tte Comber fia 
Or. Bats tyert. 
Аю А Yes, 6) O и the basis ui o". KG ۹ cook vary ture, tne cove Sponden wao lar 
analysis vs 2 
0,0772. ~ 6.00 4۴3 


Ст 9.7754. 6.06462 бз 
I2 llo 
H= 0.0428 _ 0.64280 м: 0.9134 _ 0.000 96 
L | +4 
_ Е 1 
2 


cements, SORS With the Aere y e hv cat шкы ۴ vo 
+ 0,000446 S + 0.004۴30 + 0.00096 ә] + 


[0.06467 C + 0.0 «280 Н 
«(.01*776 94.9) c BR C92 + 920+ 9 Soa + 8 № 


с: 0 0646 = 6 
¥= 0.01140 


H: 0.04280 = Ly) 
S: 0-009 «(0-7 CJ nm" 
0.60483 + 2-2 2 2. (. 06 ¢et) + о-оза&о <= 2 (000046), Ф = 7 
б: ۰ 00 = 
For comple combushm «itt ROY 4 Mre cok alin > 
ye 
0.00487 Ox 6.00076 М J+ 79 


Г 0.06462 С + 0.042750 H + о.ооо ¢6 S + 


о. OF FO4 (0443-764 — ё. 06462092 + о. 02140 H20 + 0.00046 303. 






+ ло, + ® Ma 
Or 0.90 483 + 2. (0.004 = 2 (0.06462) + 0-0110 my 2 (0.00046) + 2 A,42 0.0193 


Ni 0. 60046 ~ (о. otto X2 (3-76) = 28, $2 0.3315) 
Ch) Fer eau \кд оў coal burns d i 0.060 4G єх Чоъ Ts formed. 


T wu 
mast of SO formed — 0:006 46 Ew | 64.06 Kg (S04) | 
pr 65 4 Ceo kuwat 6502, ) 
burned 
= 0.024 9 (SOs) ' (b) 
єз (е2) 
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X 
PROBLEM 13.10 


KNowN' Coal hawn4 d^ mass analysis given r h urna complete ` cul air. 
EIND: For comple te Cov bus hinan with {тоё of the thaere h^ co Os wnt q, arr, 
deleri илд fre air-fuer го ho m a masis latos, 

ASSUMEeTIONS* [. 


| 3^6 кые: of М, accompany each wele of O w H~ air, M, 
is werk. 2- The ash и nenconbuth ble. 
Аюд TSS: Om the basis of 100 Kg of cook ر‎ the anevn h 1 си 9 ta nug 
Phad, w Emel, are 
LR M 4 үүт {мк 

С 80-4 804 (2.01 GUAY 

Ha $4 зд 206 1.455 

o, 5.0 50 32.00 04150 

Nae Ll 28.01 0.039 

S Ul bl 32.06 0.043 

Ан @S gS ->~ — 





Uwe Өлү“‏ یب 
For Com ple te Cow o ug m with Te „бану Ww cot © 4‏ 


Г 099 С + LAS Ha + 0.15 Or + 0.034 Ma + 0.043 5 + АРН 
4 KLoart3. Hh] > @ Co, + YIO + WHO + ۸ ے۳‎ + ASH 


Balan ch 4: 
C АЧ =R 
Н: (45% =w 


S: 0043 = Y 

О: 200456 ) +29 = 26 = 2y 4 WwW 
24- (Gbu? j + 1. (0.043 \ 
“= 1.544 


+10935 -LOS ) 


ае The лоас ол балду ( 7.549)(4.7©) kmol of arr per 
loo kq of coal 


CAF )ineo * (7.549) (4.76 X28.97) _ (0.410 egla) 
(00 (соел ) 
fer (00 % A Kua toren oA auguat y air 


(AF) = (1.2)( 10.400 у = (2,49 ЕЗ Co ) — — 
Га (coor ) 


[3-7 


PROBLEM 13.11 


KUN. Dried feedlot manure with the mass analysis below burns 
Completely with 12.0%. of theoretical air. 


{ 42л%с, 5.5% M, у 31.5 20, , 1.4 o Na 0.3°Ь5‚17-8°% Ash $ 

EIND: Debermine (a) the balanced reaction equafion , aud Cb) the air- uel 
Vario ON a mass basis. 

ASSUMPTIONS: (о) 3.16 kmol of Nz accompaty each kmol of O4 in Ha alr, amd 
the N, is inert, c2) The ash is non-combusfi ble . 
ДА) ММ 515. (02 Ow Yue basis ot 100 ky of manure, the amounts of the 
sulostamces present, âre respectiv 

mi (ду M, w= wily; Cemo) 





Ci 4271 12. 2.558 
Ha: 5.5 Z.0\b 2.728 
6,: 31.3 32 0,418 
Ma: 2.4 2.8.01 0.0851 
S. 0.3 
Ash. 171.8 EM — 
(oo .о | 


for cowplete Combustion wrth the theoretical amout ef air 


(3.558 C +2728 V, + 0.318024 0.085 1 Nat 0.00836 StAch)+ oly C0, 5710 N2) 
-> BC+ Y HzO + $ 50,4 єм), + Ac 


С: 3-558 = e 


H? 2.(2,728у = 23 p 7752.728 
S: 0.00936 = © 


о. 200.918) + Z oyy = 2(3.558)+2.7128 + 2( 0.00736) © Ky 23758 
Them, for complete combushon wt 120% of theoretical aw 
(3.558C+ 2728 H,+ 0918 0,4 O.08518, - 0.00936 S ASh) + (1.2) (35598) 2+ 3-1bN2) 


— 3,558 CO, + 2.128 hO + 0.00936 50, + 11944 Nat Ash 


а Co» 
(р) The actual reaction requires (1.2)€3 458) (4,16 ) kmol of алс per 100 keg ef 
умом ке. Thus 
1.23956) (4.7ь\С28 11) -— kg (air) AF 
AF = СС = 6. aC wanur: ET 
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PROBLEM 13.12 


ENOWN* Coal with Me mass analysis below burns completely with the 
theoretical amount ef б\г. 


йлы eC, 5.1 fo H, , 4.0°/ О,,\,4°ь®\„, $.6°5© 7-6 Ys Ash $ 


END: Determine (a) the amount ef Sd. produced, iw kg per ko of coal, 
amd СЪ) He arr- el ratio on a mass bacis. 


AssumeTions: С) 3.76 kmol of M, accompany each kmol ef O, in the at, 
amd the №. їс werk. Cz) The ash is non-combustible . 


ANALYSIS: On the basis of 100 kg of cool, the amouwts of tho suloctances 
pres ave, respectively 


M (ka) M; n amim; Сеио\) 





с: та 12 5.925 

H. - 5 Í 2.016 2.530 

0,: 4.0 2 2. 0.284 

M 1.4 28.0 | 5.050 

S: 5.8 32,06 о. (8 | 

Ash ` -i P æ m = = "T 
loo 


For complete combustion wita We Meoretical amount of aw 


(5325C +2530 Het 0,28) 024+ 0.056 N 2: 0.181 SHAS) + hy (Ort 3:10 «) 
— б Cos + Yio + 550, + € №. 


C: 5425 > 6 

Н: у= 4.550 

ZS: OX = ч 

р: @.1%\)2. + “(ту = (6425)2 42.5304 (Ол®Гу2. I Ah 7.09 
№: (6.65) 2 +(.024)(5л6\(2\ = Є.2. $» €= 26,71 


(a) The amount of 50, produced 15 0.081 kmol per loo kg e€ coal . Thus 
_ (06A81M(64 o6) 


МСБ 








ka ($02) 
> о. VAG 2 МАГА 
[oO Vaod) son 
Wb) The amount of ate required is (7.09)(4.16) kmol per 100 ks of coal. 
е (1.09) (4.16) (28.97) _ 2411 kq Coir) AR 
leo ka Ccoo£) 
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PROBLEM 134138 


KNOWN : Cg (+ ig burns Cow pletely tov TH (20 9, thoovetical air. 

THO : Deterniine (a) {lhe ar -fuaa redo on a molar and wase ba sts. 

Co) Ho daw point temperata at let. 

ASSUMPTIONS: 3.76 — l2 Se Cour mY Caen Kwol | OL ti +r Can bo*trow arr. 
Ma c inert. 

AV RUCILS: a) For Counle te cow оос rtn the Hore h'ent — —1— are 





Се Ug + X (о + 3.76 402) —> [5 0. + У Hao + 7-76 2 bo, 
с; $c о. aa: al) Q ,‚& 14.5 
+ (€ = ty, Fs q 
Tus, couplet combushion wrth [20 96 of +t Hore h ut amet 4 air 





Cg Hyg HEL IZSYL O2 +3.10 Ne] — € C0; +4 HO d Oc + (1.2) (12.8)3.70) Ne 
So. 4 
Of LUAS) = (0+9 +497, 9 = 2:5 
а. | 
J — (X. COS 7e). ¢ waad (arr) (a) 
ке Ge ena 7.4 Ee a) 
АР = ae ( Mary a С) (8.97) | ОКТ, 
M fuat (R.0) + tO (1.204) z Goat ) 
си 
(14.152 


(5) The perkat pu аси ге Qe water in dues Combarh en منم‎ ie e to 
e. — Уу Py т СОБА 


4 — = 0,46 


Y^ Gee StS 15.9 


чо, 
py = ( OMB )С 1. ог 32S оке) = 0.12015 ber 


Than, Fu TALU 4-2 


К, 
i | o SONNEN Co 
pe jo oi nt 42 wp tr a a Tae x 444 C - ) 
س‎ 
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PROBLEM 18,14 


KNQUN: Ca Hip burns cup (etl with ISO% of theore head ain. 
modo ett 4 Cou bush оц ала Cooled tb Че 
20 £TS Фо °С. 


T he 
ص‎ e r» tue T ar latu , 


Fito Plot the amount hy water vapor comtdeuatd у u. cus! per — م‎ 


dew point temp 


mikiel state of о 
in the hot Products 


SEWE MATIC ғ GIVEN DATA: 











Ca tho cooling at latm. T 
vot eii ——_% gaseous products Pa (20% ) 
156% Е" гема ming after Con densato ^ 
theo. arr condensate T€ dew @ 
Final state of HO 
Va por 
v 
ASSUMPTIONS: CO. 3-76 moles of М, accompany ath mole of б, 


in the Qir. (2) The 9eseovs products of combas hon Can ме modeled as an Чех. \ gas, 
AnALTSIL: Complete combushon ef Ce Hig with the hege hieal Amount of air 
is deser: bed hy | 


Ca Њо+ 6.710 + 3.7644) 2» 4С0, + SHO + )3.76()؟.6(‎ Mo 


s ` h 
Complete cow boston with 150% oj tlreorehtcal arr rs then 


го 3.270, 4 SLOSITA) Ma 


4co, + 
l SeT) (0*3 à)? : 
Ca Ho = GET] з: 


Condansahon ©есыгс whan the Combustion product оле cooled aA Our 
the der pou te erature. First, evaluate tUa parh <А pProssure d twa tap (n СА 
Cow cb vtt л. р doet $ 


Py: Yo p = erer) 2 o. [035 8 bar 
44S543.2S+36-06 


Га е роја مە‎ чу Tob ۸-2 Gute Maas Ж AS TC. Aceon dng) d amount 
pt 
A condensate 5 тек vah RI d t upr СС ы Riss Hom «6. ӘС. 


Aceordsne +o the Mode] ѓи мо duced cn Cha p.12 , Fhe Gaseous products Fe marw ng 
after the products have been cooled 6 T< Taeopr would have sabrated water 


Vapor at temperature T That 5, the partial pressuve of wetervapor га ths wX hve 
Would equal б (т). The parial pressure iS given J 


2 лу. 
Py Viva dry P CU 
here dry Occounts ber tha voles of “dva” products: Có, , Оз у and Ma. "That t's, 
Navy +4 ау + Bloc 43:41. Accordingly , with ps latm and („= ECT), Eq.) be смога 
F(T) = ГЕ |00132) > ny- Amo⸗obaſ Condensed = 5- Ии. (2) 


Му 4341 1.01325- АСТ) 


Soawnle Glerlakm. T= 20°, — bar, Ny = ر037.!‎ Amt. Condensed z 3.962, 


The Де. for The vered (оњ eve Oblanued ису IT, 25 follows: 
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PROBLEM 13.14 CCont'al.) 


ІТ Code 
T=20 //°C — 
pv = 0.10358 // bar IT Results for T = 20°C 
Tdp = Tsat_P(‘Water/Steam", pv) Тар = 46.5°С 
ncond = 5-nv ny = 1.026 bar 
nv = pg * 43.41 / (1.01325 - pg) pg = 0.02339 bar 
pg = Psat T('Water/Steam", T) Ncond = 3.974 kmol(water)/kmol(fuel) 
PLOT ` 
5 

5 4 

o 

= 

X 3 

5 

0 

tS 

o 

E 

=: 1 

t 

0 
10 15 20 25 30 35 40 45 50 55 60 


T (C) 


Mole Jk Covdensatim begius at the dew point temperature amd increases 
GA ature is lowered further, as expected. 
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PROBLEM 13.15 
known: Cil, burns completely with air. The air- (алеї ratio ona mass basis is AF, aud 
the products оС Combustion are cooled +o temperature T at jam. 


FIND: cay Deleemiwe. for AF 215 and T270°F, the percent excess air and tie аумошЁ 
of water vapor Condensed. (b) Plot the amouut of water Vapor Condensed 






versus Т ranging from 70 do 100°C for AF = 15,20,25,30. initial stale of 
SCHEMATIC $ GIVEN DATA: Pod e rad in kot 


Tl 420 
Fuel gaseous products 
| ti remaining ё 

Lm? Condensation 






GAY go 
= - Coudensate 

ASS UMPTLONS С (1) 3.76 bmo of N, attonpany exch Tono] 
of O, inthe air, md he Nis ert. C2) The gaseous | 
Products ot combustion can be modeled «s an ideal v 
Jas WA lx pure. | | mE 
Avatysis: Со) Complete combust with dhe theorelicalamorwet e€ air is 
described b Ч 

CHa + Ay, (0.+3,16 Му» 2 CD, 124,0 + Ay (T6) М. = «у = З (1) 


For complete Combustton with e xcecs aur 
Co Hs + x(0,+t 3.16 Nz) — ZCO,+2U,0 + )»- ои.) 0, + «(3.16)M4 С?) 


705Т& (O09f2N 








M 8.05 l (ai 
AF = AF ( fet) Us) ae: = 14.4524. lbmol law) _ 





28.97 lb mol Coe) 
Thus ДЕ _ 14.524 
оү = BAL 4.16 7 39513 
Accordingly 


ol of . = 
Y excess = ( 25.) оо (RE 


Now, the actual reaction equation tS 


C Ha + 2.08130 02+ 3.16 Ma) > 200. +Z Н.О + 0.0513 02+ li 473 0, 

Acco ring to Hie model introduced iu Chep.(2,+he gaseous products remaining 
aller he products hawe been below ther devo port would have saturated 
Vaper at T presevt. Tu Mis case , he partial pressure of We water Vapor 
YEMALUING would be Pa CT) > f4Cto*F) = D. 3632 flu? This presure can 
be expressed QS " 

— AEN (3 
wheve “dry” veters to Hie products Co, , 0, , eud Dz. thot is ME 24 0.05134 1.413= 
13.524, with these results, Eq C3) becomes ٤ 


ofe Frees 
"тм" 


| 100 > LTL h يه‎ 





Ny 
0.3632 ae |р 2» N, = 0. 3427 мо] (vapor)/ tb mol (fuel) 


Since 2 lb mol of HO ave formed on cmbushow : the amon cewdeused is 


= 5 18.02. b 5 | 
Mea = (2 0.34231) |b mol TT = 


PROBLEM 13.15 (Cont'd) 


(b) the data for the requued plot are obtained using СТ, as fo Vows - 


ІТ Code 


T= 70 // °F 

AF = 15 // kg(air) / kg(fuel) 

alpha = AF * (28.05 / 28.97) / 4.76 

pctXS = ((alpha - 3) / 3) * 100 

ndry = 2 + (alpha - 3) + alpha * 3.76 

pv = Рѕаі T(Water/Steam", Т) 

pv 7 (nv / (nv * ndry)) * 14.696 

mcond = (2 - nv) * 18.02 // Ib(water) / Ibmol(fuel) 


IT Results for AF = 15, T = 70°F 


о = 3.051 

% excess air = 1./06 % 

Пау = 13.52 Ibmol(dry prod.)/ Ibmol(fuel) 
p, = 0.3632 Ibf/in.? 

n, 0.3427 Ibmol(water vap.)/lIbmol(fuel) 
Meong = 29.86 Ib(water)/Ibmol(fuel) 





PLOT : 

30 
25 
20 
15 


10 


Meond - !b(water) / Ibmol (fuel) 





70 75  Á 80 85 (90 95 100 
T (°F) 


With higherAF (more air), there is more “dry” on im the products. By €4.( 8) 
We see hok ny wut Acreage ай well. Thus, fixed T Mere is tess 
Couduuseke formed oA AF \и осел.$©$. For fixed А+ › cooling +o lower values 
of T cous more condensate to be formed, as expectat. 
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PROBLEM 13.16 


KNOWN? A fuel veay fare with the melar analysis below burns completely SEU 
— air to form gaseovs Products at 
tempevatre ef the prodocte i, СОС. 


FMD . ' | | | | ! 

De ter nane the anrovrt ef water "A par Present iw dhe Com boshon 
aim, tn kmeif kmol (fuel). 

SCHEMATIC = GIVEN DATA: 


latm. 


The dew Peat 


Ң,= Уу Р 






Fue | melar analy SiS 


J 0.72с940:09н.0. (+ Pz, 





0.02 O2 0.03602 § 
Dew Po. л A state of water 
Temperature Ve por in the Со илл ооз houn 
= 60°C product 5. 
v 
ASSUMPTIONS: (1) 


deco qnani Catch nevie ef О., 
(2) The gaseous 


CowmbuShonu pore dicots 


- | ё ал the air 
Gnd Na is enert Р 


as an dead 3 e bly pare 
ARAL TSS: First, the balanced reacthhon eg vahon rs ооф гие ол the basis 
of One. Куо | of fue | Vag parve. 


[0.72 CH4 0.09 Ha +0.14Ю, $0.02 0% + 0.03 COLT + LAO, + 3.7690, + но] 
Quest air) " 
— У Coq t 5 Чот ev N, 
C: O72 $0.03 = ©, {= 0.757 
j+: 4(o72) + 2 (0.04) +2 В = 2S =» SLS 
Oe еу озо рео та о => 2044+ 821468 
| — да+ = 1.400526) 


~ [1.465 
Ny . @.14 + 3.76 4 = COT ^ 


>= wrt S. 648 


The combushon products form am Че GAS maey hare w حلا ساس‎ 





ttn. per hark pressure Py cS Р, > У, PP. WHE FE 
| 5 NN - "E 
7 ye FH ш 5+ o.7Y *y 648 5--06:398 


Since ttre dew point Ie mp era hur e hu (Cen: Py = RCeo*c) = 0.1994 bar, 
Coitechng vesalts, 


(Qo R 444 bar _ 5 — | 
۷ р {. сорт» y bar 3 $30,299 "e S= 1.565 


Re turning t,he н balance | &-—l 5232 + А y 2 


2 УЬ -L$37 0,038 geret (Ho) D” — 
(> Kites t C fuer ) 
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PROSLEM 13.14 


KNOWN: Ths volume tric analasis of a predecer 9^5 ù Provided. 
Fired: TF the gas b میں‎ comple tele uth thegre К cal — o.v--evt air 
дески е la) +he wolar analy 515 9 t SV [2-е de ets, Co) +he evoovwt- 
of алоја vomer Condented uf + ها‎ [+ duck wu cooled to FPF at lam. 
ASSUMPTIOWS: |. 3.76 woles Юю, ac any enin hole O4, u 4+4 arr, 
Na v inert. 2. Laden” 52» Илл Pre ри сре: app ly To T ^ fw “ос із, 
А кыы<\ 5: Basing The calcula ha m LOO gle 7 fue t vuy Lu ye. 


з.е сн ол C, НҢ + HECO, + I7 82 4 0:6 Og 23.2 70+ 558 к» | 
+ a Lo, + 3.96 uL] ج‎ [p z + THO + © Ma 


C. 3.4 20V) «448 4232 = É ; (3 = 32- 
н: GAA + elo.) +2017) = 2 ‚ Y719.€ 
о: (4b) 40.0%) 4 23.1 2X = 2(32)+14:6 ,&= 24.8 


Ma^ (sg) = G4 8770) = ог ‚ф:\4%05 


(A) Thea + a ved ee n 99 0 о еї о 324 144.07 = 191.05. Thin , fr Wolo 


roby SNR 4 tw. dry [399 ch Uo 


o Ca) 
Ken: dates (998) е, las ons aes 





P 
(ь 7 UTF) | 
, i The pac ie. рле ctore of مہا‎ wearer Voor ve Ww cn 


* ù 14.6 
ЗНАНА з. К EN LA a i4 7{ — |. : 2. 
" 3244-06 + A е 7E) = (ЧЧЫ 
Sua Py PQGo*F) = 0.3632 tof fra, Condensation 
۷ woad occur af J^ [ео one Cooled +о FoF 


ot e la te. 


TW SAS p het, worse consist ^ (e oy ملسم‎ Srey Soc plus YW, шол... 
v The оо veoga .مف‎ Tha pariet pressure 4 {ч wale vote огт. ee 
6.3632 4$. | L—— JC tee) ^y: 4st 
jn V 91.05 4 ^y іи“ 


Nc cordial, re Geneve q чок Gre € voco poc kv ۸ Pos v2 


(4.6- 1.597 lowe) e. Is. 109) tb) 
E lo S s To set (du^ ) — 
ol 


/3-ie 


* 
PROBLEM 13.18 
KNowN: Cal burns completely with ПО % of theoreti cot arr en fring oF 
25°C, late, ф- 50%. 


FInd: Qbi»4^ the halanced react fi omn egua hon and T ^e dee point devi ting 
of the duc t. 


ASSUMOTIONS 1. 3326 Moles of N, e. C Cove any each mote Oz han the air. 


2. Na and H2O are inert. 3. Arr and co vw bus fy ov سا مہم‎ ts j each af latina, 
ATS veodtad an ‘dea? jases 


AN ALTSIS: Co mole te 


Combush m od Ca Ae toc th the лаф ре фу ot оихо out 
Og тоет 


Cz Ц. +2500, + 3:36 92) — 2002+ НгО + Ч.Ч №, 
Compe te Cem lu Sh гл ve i к (10 % of зө ге Һс arr Lo 


Cons; dar Cow t a узо, dt arr Vx hare at 25 есу latm , ф = 50 o, WE 


whch ther. v ATS (476) = 13,09 Er Y dry arr and ny kwot wota Vepor, 
“Thre pane Мда $$ Аб e +, Au wwa The V ee v3 


[NULL LN GL os With fy =ФР, = (0.50)(0.031 6 bar) =0,0:5 85 bar, 
(eon)? — ny) er | i d H 
Wwe get Ү\ү= 0.2080 к ve. Whe. water Морал" ما‎ pita tnt fre Села 0 02$ on 
or, T401) he سس‎ 
сав, £2.75 (02 +3.70 Ne) +0. 2080 HLO — 2 CO + (12090 НО +0.250e HOBY Ne 
Соме, th Combuth m ict, the wota Cv acti o^ "b Ro 
w e tev Ve nw b Pre үтен vo 


чуу DUET 2008755 => Py = (0.08155) (L0rs2s bac) —-0,0 R871 bar 


odere eu with Py = Pa, w T4 А-3, T TS — 
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PROBLEM 13.9 
KNOwWAD: СФ Н urns Covepletels, wit. ISD% ef -thaoreb ert ain at Ы 9 0Е, la te, 
Ф = 715% 


Ею; (ай Ohtrin the ls lanced reach m €1 ba hon. Co ) ефи л ta awguukt 4 water 


Cerdeustd jin Vowel per 1661 a fent, £to comborh о produc ti ave coded 
to 68°F at lat«. 


ASSUMPTIONS: CI) 3.76 woles: of Mr ACCOmp any eatin. mole of O, in the ary, 
(QV) The Na and HLO tn the arr оге nent. (3) The Qir If modeled at an deal Gas. 
AN ALT St $: (4) Co» pte te Combush'on of СФ Hio With the theorehcal Amount of 


dey arr rS described by 


Са Hio + 6:5 60.3.7605) > &Со, tSH ot 24.44 My 
Complete combustion wrth IFO, of dheore Wea | dey eco (ts then 


Ca Но + 4.7у(0, +376 Pa) ә «cov. € Но + 3.150, + 36.66 M. Ct) 


Cowsidór next a worst air mixture «t 68°F, lade, P= 75°% i^ turc there 
is 4.95 (4.76) > 46.4! омог of dry cir and Wy lomo! of waler Va por. The partial 
pressure of the water м ерои es 


е, = (te : C hy yite% 
i n) Р 46.414 Vv ) 
Ate, рус фра (CBF) = 0-75 (0334) Ibf/nt) = 0.247 lof [i Collecting renuit 


: EE dio en 14.616) => Wy = 6.8172. liamol,. 
O-2F¥3 (Y ) 





VIN TETTE T г Vepor fs petu nb in d^. Combushon air ) E9. CI) veads а 
4 
C4 Но + 77(04 1.75, Ur) + OLLO > Co, + 1.$(/772 50 43.370 * 26.66 0 — — —— 


Cb) To dederwcue : condensat wr Occurt de یں ہدہع‎ Haa Фао pout Rupera kau : 


Tihle А -2C 
Py = EC OG أ‎ (1477 we 21.7196 Let = Ties ^2 120°F 
FHS FINI. 47 66 in® Pu point 


Tua j ecole g t, 68°F will Assurt tn Sue condensation: 


А ceor dang G tha ло Фа c troduced u. Clap 12, the S4 prode сїт At Veo wa n 
ei. Xv Cow о chow Privet Ume hein соо [ечї & 68°F wou ka, Zahire ear 


М oqe лад. 2 е, Tae prha Pressure d, Th. Loa i Veger wu 2y wok fa 668%), 


That vo j 
B и 
Tua D Pa (68°F) = e ut) - rece 
Ум к dy TES Vow 4 


Us hans Navy > 4 43.27 436.66 43.31 ecc. Dlana, ny: 1.037 kw. Then 


Cb) 
mount 4 wtr condented а (с.т? E 1.027 ) - £78 ert Qa. 
Фр je nat 4 fuat = 
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PROBLEM 320" 


С NY OWN, Съ % burns 


CO wyp le te | 
FINO: 


with USO v, oC Hesret сй Arn ak 25°C 085 bar, 250% 
O btan (а) te balaned reactre е олт, Co ) Th. dose p o: «X temperature 
ASSUMPTIONS. C1) 3.76 moles of Юу accompany each mele of O ги the arr, (2) The 
№, and FAO in 49€ ar are inert. (2) The arr ге modeled at ам Чел! 92}. 
А OAL TS! S: (a) 


The complete combushion of Cith ith [30 YS of 
Aheore hal dry aie it described hj 


Ca He + (3J(3.5)(0 2 +3.70 0, ) 2. Со, + 3 20 1.05 02 HUN, Ce) 
Count der. next i — ai к Һе at 27°C, OGS har , $:SOUA га whe, 
there `$ ҷ.55 (4.16) 22.1.66 kmol of dry air 

The partral pressure Of the water vapor 15 


m (E5 Сую (а Yoes) 
Riso, Pye Ф Pe(rsecy= 0,5 (0.03164 bar )= 0.01595 bar 
0,2\5#$ = 


. Collecting ^ui 
= (oe NRS ) =) Wy = 04) kmol 


When water vepor fs present tn the comboshion arr з Е. С!) reads 


and Wy {сш ol of tam fer VOPoOr, 





сац, +4,55 (Crt 3.16 Nz) +O UIT 0 79 2 C0, * S. CL HO 4H.0$ 04 411 Meg 5%? 
Ch ) To fud tre dow port tewpera turd; 
ер 
d тей Р 
R, 
sile = E ) = 0,1250 c 
i — \(о #5 bar | bo 
Ы m p а — re Cb) 
ў Tu dev polah л u Toh L A-L) deus x SO О سوس‎ 
ponet 
v 
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PROBLEM 13.2 


Et oecM: Co ti burns completely with the thoeret at amovut ain at 7F, laha, Ф750 
END: Detruu mn ta) Hao balanced Vena cl vs 25 оа ол, Có) dts dew 


ns perut te о-у очла. 
Com о shan ducts, Ce) Hoa wut Ue Cer dense d 2 T gro de 
Ола cooled б «ec 7 1 * 1 "s 


ASSUMPTIONS U) 376 motes o1 MA, ACC o wars ecm wole of Or in the Qr. Ct) The Na 
and Ho im the Qir оге cwer C. (3) The air and Products Gre modeled as ideal gases. 


AWALYT SIS: GN Complete соко с чом Of Cph with 4a theeret'ca( amount of dry 
Air rsg descr, bed by 


Ce Hi + (05 4 3.76 1041 2 5 CO, + 6 14, O + 30.08 Me 
Cons‘ der next a wort! arp 


сї) 


mix hve at 75°F, late, PSPF in чес there 
(+ 804.76) = 328-08 lomel of dry air and Ny lometof water vapor, Tha perfil 
pressure of the water vane rS 


еМ А lot n 
Py = (2) Р P ios tet bt) 
Py 7 PPq(75°F) = 0.75 ( 0.4302) = 032271 effin 





Also, Collec fing Assu lts 


YUN ete) > yr OFSS моі 
v 


Vapor ^$ present "а Fhe Com buthon a'r 





0.1217 = ( аа 
8.0t4 ^ 
whan water Eq.Ct) reads 


7 Со. 
CCHXX (оу + 2.7601) + 60:885 Ho — S Соу t G. PST Hao + Зо. 08 2i ) 
(5) 


The perve presture of the water Vapor r^ the products ss 


Py: Cox С^! г a. Чез. lbf/in> 


4 (9. $$ + 30.06 


Tater pola ting in Table ЗЕ wit Ру = Pe, jn dew рем t few pers ture is 132, 2F <a — Cb) 


cc) Siue 7$9F ù be lv fw سلح‎ go 


cw +e opera Tos ر‎ com isuga hon W o utol 
Ó ceur fr- coolin б 759-7. 


na FTF, aa Vepor ple wousr Cow sr et 
— wata vape aud “ауу > 4 30.0823 7.08 vc 4 dry qutm ct 
b prh pene {ha V oper G2 yee 24 vat Pg (770). Qi 


№ = — ane 14.7 lbt 
Pa FE) Vy + Lin po? Ed d ( Ea Lu 


Тобо 2; 





= AU $ AA vehe, wy = Lo S8 [рим 1. Gh а! Weta 
س‎ dousted pr ا ا‎ faa Cong Uwe Co Ao. 


Qvo uu t y watar x F 
aga par | < 6. RSE = 1.058 2 S9 € UC etr) — 
(ereof of fuck | 7 Cua 


Ce) 
Consumed 
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PROBLEMI 3.22 


Kiowh: A liquid fuel mixhwe with a known mass analysis is burned | 
со mpletely with excess air at a specified teuperatuye aud relative ам. 


Eit Db: (ау Determine the equiva led hydrocarbon composition , Ca Hy , with 
the same Carbon- hy dro €AA nis ona mass basis as the mixture. 
(b) If the products ave cooled below their dew point, determine the 
РУТИНУ о of water vapor condensed. T рәм stale 








of ware” Vojor 
SCHEMATIC $ GIVEN DATA: г not 
о 


$ 40% СЧ, є , 607 Cio H22 $ 


{ле элуу ps Cooling at jatar 
| ا‎ — gaseous products 
| remaire afiar 


condensation 25% 
condens ate 







Py (25 *c) 


25°C, lat, >= 0,8 final state of Water rogor 
| v 
ASSUMPTIONS: (У 3.76 kmol of N, accompany each kmol of O, iw fro aw. (2) The Nz 
and И.О in thet supply диг are (wert. (3) The air amd products are both modeled 
ag ideal qas Mixtures . 
ANALYSIS: (а) Assuming 100 kq of liquid fuel 
milka) Mi ny em, Г; (lk mol) 
Cg Hg 40 114 0.2504 
C to Ur» ° bo 142. 6.4775 


Thus, w^ 100 leg of fuel , there ave We following amounts ef С amd Н, respechvely 
: | kmol Cc) 

C: 035 04 ТТТ 4 [0.4225 [00| = 7.0322 kmel Cc) 
н: [o.3504 ] [ı9 J + [0,4225][22 ] = 15.1) kmol CH) 


he “equivalent ó buy dro caw ben composit Lon is 


С CO) 


"7.03 2.2. Hissi 


(b) Complete co mbustion with the theoretical amount of air is described by 
(0.3509 CgHig + 0.4225 Co H22 ) + ky (0,۲۳3.16 Nz) — 7.0322 Cd, + 7.805 H.0 + پر“‎ 3.2 


xy = 7.0322 t 1202 = 10.935 


Complete combustion with Jot excess is then 
(0.3509 Coble + 0.4225 С|„ 4.2) $12.0285(0,+3,76N2) 
—5 1.0322€0, 7.80S ll O + 1.09350, +45. 227 Na 


Consider next a moist ar mixture at 25°C, latm, b= 80% in which Mere is 
12.0285 (4.16) = 57.256 kmol of dry aw and ny kmol of water vapor. The 
partial pressure of water vapor US 

Py = ch 7 с т 


Mso, ру= ф Р, (25°C) = 0.8 (0.03104) = 0.02535 bav. Collecting results 


C1) 





(1.01328 bar) 


Uv 
6.02535 =|“ —— = = 1.4643 kmol 
GET (1.01325) > Vz! 


PROBLEM 13.22 (Cmn a) 


When watey vager is present in the combustion alr, £4. (1) reads 
(0.3504 Cetha t 6.4225 C.H.) € 12.0285 (O4: 3-16 N +) + 1.404 3 HO 


—* 7.0322 CO, + 2.2743 H4O +1.0а35 0, + 45.227 Na 
According to the model tutroduced iu dhop.i2, Иле gaseous products vemaining 
after the products have been cooled Чо 25% would Cow saturated water 
Vapor at 25 °С, That is, the partial pressure of He water vapor in this 


mixture would be PqC259c) = 0.03164 bar. The рма pressure © 
expressed as 
w 
Р, = ( 


(2.) 
‚Р 
"ary ^v 





whe ye Many = 1.0322 41.0435 + 45.121 = 53.353. Accordingly , from €4. 62) 


Wy 
0.03154 = 2) (1.01325) => ny 21.7225 Yol 
523.353 FW 


Since eve 15 94.2743 kmol of Ho per 100 ks of اع‎ ty He products , the. 
Qwieuxsk ef woter fret condowes i< d.2143- 1.1225 = 7.5518 kmol Cho) 
per 100 ka of fuel. Thus 


c mol СЧ.) 18.02 (1, (и.о 
ТА -pssis em oe || «5 2| z 1.261 v9 ) 


соокка Eo EDLA Cb) 
loo ke (лла) ] | | eel Cte) kg (fret) 7*7 — 
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x 
PROBLEM 13.23 
KNOWN? Hy enters A combeshm chamber at a rate of S (b /А and 
with air entering at SSF, lá ha and a 
75 £4 win. 


Determine 


бога ¢ 
VO {оле у. < flow i^e fe of 
EARS DES the percent of tfheorehcal 


Catv used, 
SCHEMATIC F, GIVEN DATA 








Com bo Stor 
Chamber 


es^, lato 


(Av) = 75 Gf E ET 


ASSUMP TIONS’ (i) 3.76 иле lei of А2, ассе pan each Ило ѓе ef Vy iA the enting 
air, Nz ic inert and the air rg Ya. (2) The air Can бе hede led ay an 
a dea Î G as. 
А Аст The percent theerehcal air Can be 





Fouad frou 
of, thee аге = (AP) 


—— ^x (OO 
(AF) sep 





Ct) 


For the complete Combustion of Ma witu tha theore hint amount f, air, 


H, + 4 (0. + 3.760.) —» Н.о + ^88, 





So, (AF Уто = 2,36 ' 
For the асул! reaction у the mass flow rate of th air Гү 
Qus ee 
E _ (AN. (A V^), в. _ (15) A (4 DU) = Ee ex — M ied 
Е enc QA. YE şs © e 
AR Ax (OR (EEE (чур Ith | 
Thus, 0c | | 
$27.73 [b «77/4 o ie (b Case) 
АК = Us lb luh 05.55 ы (Ca et) 
CA^ a 


Vel ow la Sis 


— © (b(aic) (2.018 lb (fuel) lb mol (Carel) 
aS i ee in| 


2.977 ib (air) / lS ee (arr) | 
с [Ым et (air) 
" en [b wel (fuel) 


Fes, Ге Мили © Cg 07 





Vie УО (3:21) (100) =ч 
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PPoGLEM 13.24 


(Clown: Carbon burn: wrt BO% Елеке old air yie (ding CO,, CO, and Va 
only | 





ею: De tyuu ta) A balanced reach o. eqvah m; Ce) AC, сс) 442 
Analysis d) t prods cft On a welar bass. 


ASSUMPTIONS: 3.76 moles of №, accompany eek umole of Or in the arr, and M, rs mert. 


AWALTSIS: CO) Complete Combustion of С with the theoretical amount of arr 
t4 descr. be d by 


C+ (0943-76 94) — > C0, + 3-76 Vy 
Thus, Cowbushon with BO% theoretical! air ty Produce Cor, CO, and Ma, 4 


C+ 0.00(01.45.76 9.) ә a со, + b CO + G-8© (3-762 
C: |= atb = bsi-o 
© (OR): «b = Іб= 2а + li-a) ® a= 0.0 у = 0. 4. 
Accordingly , the balanced reath'on equa h'uon rJ 

C a 0.90 (0-326 Na) ә о. осо, + 0.460 +3.008 — )۾(‎ 

Ch) The air fuel raho is 
AP = о.30(476)/1 = 3:800. ewel Саге) / post (fuel) 

Then with Eq. 13-0 


— / Mar | | 21.43 \ = 9.19 (а) 
AF > aF ( нес). 690 (25) ка) — — 


С) The molar analy f {te pro 4 ets Uo 





о.б o ~ OF . 10% , of Not 75 X сс) 
e/, Co, = (— 2 } (tee) = IS", % CO — = 10 о о N2 o س‎ 
fs ш 4,008 | ) е /e 4. 008 i 


Cucine", 


PROBLEM 19.25 
KNOWN. Ca Нр reacts with 80% of theo etr cok Gir ч "е Ide ^$ C02, CO HO and 
SES On lu › 
Ere D: De J ttre balanced Aaa thar едоа1у дм, (6) AF; Ce) the auet, tf 


ASSUMPTIONS: 2.7 moles of M ACCOM pany each mole of O4 хл the ary and N- rs inert, 
Аю т\с IS: (4) Cove реке cos boron of Су На with the theerefreal amount of аси fs 


described b 





C Hg € 5 (0, +72, №.) > sco, + AHO 18.8 М. 
Сомлъозжәм with @0% of XweoveWcel arr cs then 
Cz Wg, *&4&(0,43-169,) > x Co, «4 CO + 2H20 + 15.04 M 


C: ar х+ү => ч 3-х 
н: 3 +22 2 т» + 








о: > 2к+уз + D 42 ак (2-к) D Xe ly 4-1 
пеат оф со.) 
Cz Hg + 4 (0 4 376 Me) > Co, 4 2 CO + 4 Но + IS OFM, » 
— M orr 22 Ў G 28.47 = t.S { [te Cair) %) 
a eps AF ( ре) E | жо — === 
ссу _ 
Tre o + of dey products per mole of fuel гу ava [+2.+17.04: 19.04. Thus, the сс) 
wa OVA | 
analyse of the products on a dey oases 15 a 
2 18.04 . 0.9337 (8337%) 
_ 2  .o.lo4 (103 260, qu, = EX = 0 
Yeo, = уу > 4 (5.599), Yeo ? Roa ur 
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PROBLEM — 
K NON ? Ce Чч burns чә, {>м air to give Are осї te rth he. — trola ir analy si $ 
0 (.$% Co. 24% CO , 20 96 0 , oy №, 82.5% Ne { 


FID: Deternune the awr- fue i raho on a Wela basis. 


ASSUMPTIONS? Each мше of Og in the com bus hon air i 
3.76 vw ter of N, olach 13S ener, 


Accoinpanied Ry 


АКА шу SIS! The analys tS OA the basis of LOO moles 3 drs products 
o- Cy Hy + b (02 «3116 M) ILS C0, +2.4 CO $2.0 O, tlio Ha +@2.5 N2 +c 8,0 


Cr Ga TUS FAY, о > 2.3171 
u: (Ua = lijece, C= (4, GUY 
о: 26 = 2.005} FAY tllo) «c, b 222,010 
O Check fer c los re: 
Ne: (22.010) (5:16) = €2.€ 282.5 (ок) 
Siue 


— 2Zt.0i16 ¢ ‚76 
"uae ТЕО USE) 


TI 


= 4S, 


2:817 Cont Chest] 








— — x 





1. А Ио kh {бака are ФА а va ieo wns / 


Ф rb, co , four о «(ису can 
b» wre Men. TH vs Sood 


prachie to perform ail balances te check fo 
Closure, as Shown xn’ dove. 
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FEoGLEM 13.27 


KNOWN : 


The products of combustion of Hig have Ho убас 


dru weler 6: 8.7% Co, , 9.175 CO 9 7 
Я 1.) . o › 0-3 y» Oz 3.7 75 (4d 0.32 CH . 9 
x عاق‎ eal 4 vivalence {4 h ^ "i и - = ы 


ASSUMPTION $^ 3.76 moles of Nu AlLeompany each wole of O wi the arr, M. 
——— — 
iS ier C. 


Awacrss: Basing the с (са (а ох v^ [60 roles 7 dry [о «ос ts 


о Cg Hg + R (0,+ 3-764) 8.7 со, + 8.4 Co + 0.30, 4 3.7 H4 + 0.3 CHy + 78.1 Na + Y H20 


с: Ba: #74 3.94 +0.3 2p x: 2.2375 
H: 1702.2375) 2 2413-7) + 4(0.2) 428 => Yz 14.7188 
Na: 3.76 2م‎ 77-1 x» [52 20.7713 
0 Check oa? | 
О: (2 (20.7713) = (37X) + ¢. + 2.0.3) + 88 
4.54 = 41.02. 
Tre Fuad aw rato ù FA= 2.2375 = р. OULU, KmoleCfut) 


(20.77.3416) . Eusle Cour) 


The aeach олт A oae Fn- complete Сл бугу on wih tea. А бале cot 
ооо 4 AIr б 


Сено x UO 31691) 2» фео, + ho + 3-FEK My 


c: B= ё 
alo 42?25,8-05$ 
о. 20- 2-4 B= lo $5 os 12-20 





| | "^ pe Chak ) 
E [e arf ANO ما‎ CFA hes = (12.25% 4:76) - O I Carr) 


The equivalence Гео; 


ө (emye) ФА. fene lian 
(o. t3 0 (ЕА) о0о +l 





|). ہے مایا‎ е Ce pori wren tak data, an evact closusne Cannot los ey feck . 
9. Two» ^as. c Xe. ANE "or e^ a mew vwwyltre. 
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PRo BLEM 13.28 
KnowN : Cio burns wih. ЯУ of {lhaereh' cal arr) [27-9 du c n9 co, CO, њо M, 
End: Deternune (a) AP) Ce) the analy si's з p ducts — ws Oasis, 
ASSUM PTtON < : 3۰76 moles of Nz е чай”; Lach ило (е of Oz ба {© аге, №: (s (ert. 
PReALTSS: The Cenmple {е cend os t uw 1 Cio Hs co (7T КСА Tio re I^ cu 
кеш ar Co 


Cio Hae + x (0; +3. HG 8.) — /2°9› + YH 0 + 3.260. M, 
С; о ё 
И. 12 = y Fat! 
О: 2A: Вт: % | ) aor (Ss. ST 


на. 


Cow-hos a with ате A “оге how air uw tas 


д2 
Сос; + iJ. 22r (0, 4-3. #6, ) — «ед A ED вое 4- 55. ОС "75. 
с. 10 — ех = В ) R@ =lo— ® 


d. 22 - ZY, Sell 


O : (M.T )02.) = 2a + (to - X) +h = X= 


ua balanca S reach дам о {Че io tron 


Сону + IYF ( 3726) ә E88 Cox. + І 


SS CO + иньо 4 ST REND 
Co) 


— — 


А a ы wel(arr) 
kg. MECH) «0.09 Eee) 


(n) Tha amount y dry [озшен vo 
Vaya = $e MY а LST FST. Gy.36C 
Fhe rna SS e^ ә. 4 9 PASIS o 





ЧУ о12 12.9% 
ЧЕ соъ = A t6 7 О а ( ) 


у.з 
4 to = LSS . 6-02 (2.4%) 
~ ev. Zbe 
Up = 55.369. 6.94 + (847%) 
МСЕ 
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PROBLEM 13.24 


KPI OWA? Са Rig burns Cord Ain +o foru prods ets Co v th He diry tamo lain 
Aveta srs: 

?\!°% со, 1°/ь со, ?. геог, F4% FT 
De decus, lo) the percent , Ch) the dew porn t temperature, 
АЅ 0л 071095, Each voted O 
3. 7C кы 


Fired: 





2. ta Аа. Combush wn AI we ac CÓ vy, A Lec e d 6 


hog Co лее t. 7 
Аю АСТ: @) Ow c, сазы [© © — dy y products, th reach om 2 


o C4 Цо + (0,4 3-76 94 5 11 Со, + | CO + BO, + FEF Nite 14,0 


— &о = thet, a = 3 
He (0(3) сте) С LN 
© 2l = кк d b= 22.37 


Chock M: (3 776 )(22. су = ? 4.9 
ЧЫ; $.4.у OK, close 


For ATK $ Аал thoy, 


17 


AF = 2250076) _ $6.7 
3 


Fry comole fe Cow. bu о w: Th the Hame cnt Awount " Atp 
CHo + 5 (04+3-76b2 | > 4 соь + сњо (3.76 Yes) E. 


Fr A Ase 6 TY v Ске) мао = : G. (4.7) — od 
l 








[Chow e са) 
A Куру б ШЕШ 5 . (too) > IIS 75 -— 1 — 
Co) To An 4 th. е ستلہ سسا‎ fre pe Пк 
P= (Pe )Р 
سه‎ (бао, 
— ل‎ X | bar) 
a 0.1304 bar 
Có) 


749 зе, ar м §1°C =з — 
p 
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PRoBLEM 13.30 


KNOWN: A na tarat < а twr: tana aw (Cv Volume Win analeasrs 


hurm wih ar te d roduc fm чос a wa Veo lor Arete si § 
© pron ded. 


FD’ (a) De е плача toa percent 7 +theore Iv c arr uae d, Co) 4t. 
Фали مم‎ i at 4 ро ДАА... 


А SSu f^ 0T: ONS: 3.76 woles “ № к CS е «Ch hole 7, Oo cx T~ arr, 
Nà v гие, С. 


AMALT NS: Basing the Calculahm ww ma mole Tat tonc ha re | 
Co wep Jas Сео) oS vv ai TR d core W et OC vers vw ۹ arr v) 


[0.478 CH« + 0.023 со, + 0-04 Nz | + a [Oct 3-76 9 ,] > B co, + Yita AN, 
c: 0.9234 0.023 = (à Әә Am 0.996 
Нн: 4(0.978)=2¥, ү: 1.9ҹ0 
о: 20023) + та = 2(0.546) +1446 , X= 1.946 
Tha actva® pee chon £O «fiov. TAa, а fo run 


[0.973 CHy + 0.023 CO, + 0.00FN2 | +a (0, +3. 751) Alt. 200 ر‎ +3. $0, +0. LE CO 
+ $6.32Ni] + Y 910 


Cc: (0.423 40.023) = & [9-2 + oer], (22 0.1012 
+H: loarn- 2 Y ‚ Ys bate 


! -230 
о. 2(0.031+ 2H = R Г @.э)%) + Gy )@) * o.64 [ + 1096, x= 230 


CHCE: 


Na’ (0.00%) + (2.302) (3. ac) = Ф .1011 (0-23) 
© Lle = hs 
Ф.) The achot AF valua 5 ovo kuue 609 = 
AF -So2z] C816) о Мае. | ==, 1100 
AF = (2..302\( 446 lot Г 
eed Jod cC _ /2-302% Т 
Дама» tue T MY مب‎ ^ = (23395 (бо) [К 
CRP ates = 1 A46 LETC е 
| 


(o) Th pov Wak firs مادو‎ е waty Voper bo Pr=Sv p, wher 


pact 





4 > о. (ort (100) 41.416 PEN - | 
Te ^, оо. Te P= 14.77 Le lin? P= 2.37 lof fin’. tn tv po a Т\ ww 
TA КЕЗЕ о (ys LM pot (int Y E 132.9 


Ry 
x 


A Tews 
pt- 


v 
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PROBLEM 13.31 


кюошлм% А fuel oil hau.nqg the mass analy sys 3 95.79 C , 14.2% FH, O. (Vo (etj 
buras with air to ive Pre ducts wrth a dry иле lar aualq Уе d 
{ (2.29 % Cor, 3.76 % бг ) $3.45 Be ©з 


Еско Determine the Qir - frre | praho o^ a Wass Maret. 


ASSUMPTIOM SS U) 3.76 ке ey MY а ce Gp eq fren Com bus h ma A AA 
++. юу 2 inert. (2) The inert matter in de Ce el is ignored «n 


Wr: hng tue veacteon Є qû Oc him below. 


Aw ACT (S: ‘Base d C^. ( leg of fue ( orl j +he mass — legis of +he 
fee ( allows the we [e e. wevn t3 of the Cou los h bles tt be 
ёда ted * 

А 0.857 4С) /kglfael) _ о оті «mel СС) 


— ا 
H- 0.142 EG CHILES fael) 2 0.14073 emei CO)‏ 
ооа K9CH) ( keol(H) Kg (fuel)‏ 
On the basis ef | єх of fue] oil, the feachion €4 va hon read ү‏ 


10.036 C ^4 0.14073 HS + a [043.761] — blo. 1224 CO» t 0.0376 Oz + 
0.$34$ 9; | + e но 


о. иза b => b: 0.9806 


Соз 0.071136. = 
Н: O, i4073 = ee => С = о. 076 4- 
2- 3.76 & = 0.8345 А => ac: О. 29 


Check fe closure: 


? - т | 

© 2 0k zb [Xo (223) + z(00o37e)|t 2C 

| 04 

2( 6.12496) a (0.9606) [ 0.1224 + 0.0376) + (0.67 ) 
6.2842 = 0.2568 (Good ) 


“Tha Catto £A Celo bo X new 


AF = 


— CLE -4 
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PROBLEM 13.32. 


К к ооо) a Cs Ue Ou burun wrth air, A labora hw o rep ort gives on ly A caa, 
pereentnges m a dry weler ‘haris: Ol] СОЪ, IUJ со, 0.5 % Cr USO H. 

Fmd: Determine (2) tie percentu ges of ©, and М, ү the dry wo lar 
Analysis; Cb) percent excess arr. 





ао ааа a Ee use og EO 


Com ооду оул arr, M» іс inert. (2) The dy 9 paa duets ineluds ou Y 
COn 1 со, Ca tgott , Os. and M. 


ASH AUTSIC: On Xua bass et, {бо moler Т ҷу و‎ По de c fx 
y Ce Ugo V + oc (02 *3716 M.) — (2.4 CO, + L4 CO + 0.5 Ca Ud Hd 


+ N, + (l.a - )0. ьо Н.О 
Mote: For Wwe dre products, о +44 -0.g кус +B 2000 em Kex 241.4 or € «922 - х 
Ry SOc 

Cry MMe (U +71. (0.5), Y= 46S 
H: (46S) = (OSAL) +2 u, w = (2.95 
O: (Hus) + 224 =(6 UZ) HLY -0.$ Ll |. 2 —) HS 

е ыны e =-(0%.4$ —3. То K 
M: (ау) (зло) =} Y х= 24, 029 

DD Лод = у x = 81.21. 


and 4(.2-с = 4. 8g 


According ly, 


(a) 
NL TEI. , 00.24.68 ص‎ 


Cb) Fov- CO АА cowboi thana o this Mua. ros ohh cat o err |, a'm 


<a دم‎ 
Сз UcgOu ec (04 + 3.76 88 ) و‎ REO Ф 5 Н.о + 3.765 M4. 


С 2 = B 
H: lo = 28, Y-3 
бу iA zu Xs 202) 2 3 
423 
(% Theoret cot \ _ ee = (55 
| Ate 3 (4.76) // 


Кана ОО ај 
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PReBLEM 13.33 


KROwWN: A fuel of with Ha wast analyser 87% суп H, L4% S 0.6% ruertf 
очко wit (2095 | oov e Heat air, ои Ф S معت‎ fu t 
огласа , but Әт ерт Car bon i ox dige d © со, سه‎ Yh دا‎ aka u са. 
4o» CO. 
FMD: De runs (a) tre оланы геас ол quah , Cb) for COand SO, 
ہا‎ amounts vw Buol pa ۵۶ wl д combu chan p dock. 





ASSUMPTIONS: “Thane one 3.76 SS ba сеен E ace € a CL. еә Оз. 
i^ "o cewboch e^ air. Na is inert. 
Аю кочи (6) Bared on loo kg "1 fraa orl, Ha уо (ак analysis Uo 


7 724) H: -LL 2 10.842 e: L 20.64 oh 
12.01 Lol ) 32.06 


“To fd Ha theove tet dovevo j^ ain, Хы» А әд Chm ay vat бы. dor 100 69 9 


р Grace 


0.4 1+ 4 0.04 9) + x (0,243.76 92) — 


(à Crt FH O co S9. 37064 My 
C 7.2 = В 
S s о.о4= C2 И 
0 a(0.24) A 99У 4 2-(о-о4), х= 0.01 


CO 
Graco. fH + о o4 s) +2) (16.61) C01 3.26947] > 07 24) CO, + 
J. =- » L] 
| (0.08) (7:24) со + o 04 Y 40 + ص‎ 50, + 


(1.2. 10.0!) (5.76) M. 
10.94 = „ү, > 5.45 Cas above) 


Ft: 
= bovo ) _ 
pps ae зы +20 + 5:47 ˆ 2(904) , € z 9.14 
0 i Cur Cro. at = . 
ت‎ — 
2ч. ox d | (a) 
Tua hetan ee d Кал C hm aa оа hos fr loo €5 болог! ص‎ 7 


43°76 Ke] > 6. 88 C02 + 0.36 CO + 


12.01 Û 02 
= c a (0.84H + 0:043) + 
и ° лаа о, + <.4 Н» O 4 0.04 50, + 4517 M4. 


сь) Totes voles 4 pro ао ets = 60.03 си-оі/ оова 1 f of Cs 

















_ [0.86 of) = $491 Ch) 
ppm СО = es (/ ) — — 
GG 
w ES ити x © 
PP ocr 
[Tua quaes mas Y Ha mert wea Ay û uot S own w oraachon 2400 Tom of perita) 


Also, wih part Ch) ont) the Яасгоиа Product omo Consrdered w te ppm ealcalab'ons, 
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PROBLEM 13.34 
к кю OWN: CoH barns with ar зо ко a fraction x te car bon 
is convert d X CO s. and appears д со. No 


free Oa. b-p pears in ds ro duct. 
Freep: Plot AP and 0/5 лоу фс t alr verius X. 


$ ‘ 
A SUMPTIONS: 3.76 moles of №, 0Ссое ранч Catt, mole of o, RN The arr. M. 4 inert. 
A'OAUCT SIS: The геас тол equation takes the forw 


Cc Hi 4 а (0, —3.269,) -> xO, + S(I-x) CO + b HO € 376a No 


Н: 1-726, 6-6 
O: 2az lox-S(-x)*G = zaz бк & xt). 


"T^ . 
| ©. Complete combush'on of Cy HM; with Jhe theore heal Atwmounteof ain 
($ described by 

Ссн t 80,7326 91) — Scor +6 HD + (7.76) ML 
Accordingly , the percent of theoretical air required сг 


% then arr т AF = (Gx +11) /2 [ча 
' ны JCO) + (EE f) o: (S n 


= 3125x€ 68.75 (17 


тк arns 4- uss Аа о ws 
Ке xotam) бѕхзвт) аль or AF = Axe 2618 cO 
l 


s.CI) amd C?) are simple linear relations thet cou be plotted readily by 
hound ov using computer software . The following plots are oblarned using IT: 


100 40 
90 
80 = 
S 30 
5 70 = 
8 60 £ 
© 50 c9 
© © 
Є 40 © 
SS 30 E 
10 
20 |a 
10 
0 0 
0 01 02 03 04 05 06 07 08 09 1 0 01 02 03 04 05 06 07 08 09 1 
X x 


Mele that witha deficiency of comb uston aw, the combustion 15 less 
complete, ce. less Со. and move cO produced. 
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PROBLEM 43.345 


KNOWN ` Fuel auc nna tares are speccfied. 
{сю Уу: Determine the его, ик іеисе ra ho for each Cafe ал d indica te 


if Чи е x mte 15 lean Or ich 
ASSUMP Tro M: Accompanying e c chy ло | e ef Or pe + tre cirm as 1.76€ IEEE 
of Me whlch rs inert. 
AWMALTSIS( Со) е kimmel Cu (o / 32 kul air $ 
— э PE oq. a ы е EUM ENDE 


Ф va hon fer tne dese fr c aroun Ё f €A аг reads 


“The reechen 


Cy Wig +4.5 [0 2+3,.76 Ue] > Ч Сог +S Ц.О € 24 Му. 
> GE). FET) = 3084 


— 


ra ho is 


(AF )ruso 30.44 — = 0%] (Lean) 


“Then, The Revive емсе 


— 


Cuv ка Ra = | S 
(D ra (то (AF Jaca Gy) 


for d re Tee Acoh ceo! 7 
+ 4 H0 + I.e We 

(4.76) Es = 15,09 
чч. 24 


Д air Ae dy 
Tre reac hoa es мо hor 


Cy kg + SLO 243,70 Ne) 50x 


“THEO 





> 


“Ther, ھا‎ "3 viva lence vaho iS 


AF)T IS.o1 . 
Equivalence = C^ F ) THEO = чл) =(, 01€ (Rich) 


rah o (AF) ACT 








| А eh vel, i 

( eire ten - (FA) act 
a — 

— CFA )+hee 
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PROBLEM 13.36 
E NO CON ; Ca Hig burns with air ÙO Give pro&octs With fue dey ие дин 
| Aualy sis | Ў 10.5% CO2, 5.8% со, 0.9% СНА 46% He ; O.3% 02, 794%, DAE 
END: Determine the equivalence ra ho, 
Hou Sek wele oft On due Tke Cow becheon eie rs accompanied 
— — оа 2.16 veles fi А25 „лк 5 inert, 


AWALTS(S! On thre bases | LOO wea $ dry pede c Fx ) the геа on egia hot KS 


Ca Hg + y [0, + 3.7692 | — [tos Сол + SECO + 0.4 CHA + 2.6 H5 + 0.3 04 + 799 №0, \ 
T | 


+z ЊО 
C Bx = 10.5 + 5.0 40.4 ) ¥= 2,15 
ian? (1g \(2.15 ) - 4(04) + 2(26) + 22, а= 14.95 
Nat 37бу = 794, у= 21:25 
Chec K fe closure | 
; i F = pb { od 
O зу = 2000.5) +579 + 2(2)4 497, 947 21,18 (Fe ) 


The — our- fa Vaho (« then 
($4.19)( 476) — 46.64 


ads 





АЕ = 


“The loatanced еў uva how fer tha Hheere h са! Ас ^1 AG: reads 
Cg Hig 4 2.0, +376 be) œ ECO + 4H,O 4 47 I, 


“This — „АЛ 1 А _ < 
(AF ) «ғо = Guilt je ) — 


“The ед о. уа емсе ra ho: is 





mero AF THEO _ STS ={.269 ( Rich ) —— 
(D сфе Е (22 4C 59 


Va ho 





— — —  ———————————————————— — — — — — — — — — e — — — NE aa د‎ A A A DEC DK DUR EC LAD ZEN. 3 UTA i a Баала —— 


(чле) (FA act 
"m (FA ) r^oo 
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PRORLEM 13:37 


KNOWN? C Hy burns with air 
Hio ‚М2 $. the 


Determine 


fo for m Paces consis hng of { со, 3 со, 
€ GUVA lence raho rS LS 


Fla. belanced 
; 3.76 moles of А 


accom pany each “ele 1 О. ‚л FAR 
com bush dn air and ^. is in erb. 


FIND? 


reach ou eg ое h^ Ger. 
ASSUMPTIONS 


AMALTOIS: The balanced reachona eg vafon Lor Cow, buh бал we th Y 6 
f heove hc ak Otros) f 0 


ety 9 ives CAF THEO = 9, 22. ( 69. 13 4-) à Foi 
{na achat veachen, the 








, © 3j сил [елсе rahe ig 
(Т) Сао. иемесе —— CAF ruro = 25 
ahe CAE )aer 
Accordingly 
— GS 2s. 22 
(AP), = бү. fefe 
The anova? 4 О, w tH veachor Fs 


7.616/4,76 = b ° 
Two, T veachou 


<s Wa А ог hag ما‎ fer ou 
CH4 + l.G[ 0, зт №, ] œ a CO; t b CO канот б.о Na 
Ce | = ath 
it. 42 2d, dao 
| | OL 2 


рс O.€ 
L.L ao 2a 4 b 
P nally 


CHgt LG Co, + 3.76 Nu] =? 


6.2. Co, +O TCO + 2. Но + ©.д% №, سه‎ 
l А14 ке hve ls, 


( ер, = (ЕА act 


се. (уд 





CEA) thee 


13-36 


x 
PROBLEM 13.38 


Known: Cu H F + 
4 Tio at 77° y latm enters д combustion Chamber орека и at ¥ eady State 
and lourns completely With the theoretical amount of arr entering at 27°F, lajm 
4 * 





















Find: Determine +h 4 
— — — кыа e ol heat transfer pu Be per lbwol >f fuel. 
SCHEMATIC 7 GIVEN DATA: 
#20) Pa ( 200 PF) = 

ИЕСИ - Юго) «t re wt 

Cy Hio і r Dun a a, =| = pcs 
і cool! ^ y 
77°F, latin | еа ИНИ — 
22 | ا‎ Products at 200 lat 
+heo.atr | 
v 


77?*F, latm 


MA to à | 
ASSU - NS: C) The control Volume Shown in the accompanying Figure operates 
at Steady state with Мусо and иеа 1:5: ble Einehe and potential energy effects 
C) 37e moles of M, accompany each mole of M, in {he arr. Me vt inert (3) The 
* 2. r * 


ideal as WA Ө del te . ГА : . 
E appli cable to the cowlush'on arr and the gareour products of 


АА: Complete combustion of Cy Mio uth the theoretical amount of arr тє desevibed by 
Before етеу «s energy олі ли م‎ vt o — v/v9 To qete E Va! ne w hethe үх 


ony 1 f^^ wate Cor va d during е om bu stim condenses ac M~e reduc 
ore cooled X» 2000F TF the € ov^ l oth a. pre dee Се милф кл A gas 


throug bent ر‎ + рин оа pusssure of Ила wa L^ vopor م‎ 


Рут ا(‎ oer) = 2,20 lbf : Since Py, < Pa Core °F) thr Wa try, forma d 
чч Кы inè 


4+5 + 24. 
Ла мадхи с 2. мере e^ dhe pro duet gaa cooled. 


An — я ney, Valance — get 
i о - — * 
We Pu T T Ss 

Leith WR em » and 
А aie " x " — о . (Ez) 

Ф. LAL Dy tables, + SL he an tr 24.4 + Sb 1u, |. АР Јан 

Y Viae! 

With data fen Ta oles А -255, 256 


voting thet Tg =O for O2. and №. 


5 le 104, 040) + (S250 - 4258 3] + 24.44 [ч%-зно] 


@су „Û Чета) +С 5105-9287] + 
Vague | 


— (-S4,210 уу 
= =, 112,701 Bh/ Lb wot (fut ) АБ == 
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PROBLEM 13. 24 


IC to OWN: C2 Нр eutert a сок ооо e law b^ operating ect Seed tate aud 
burns comple fel, withthe ao re hat сете The oclo t 
aud ef ore Zack at 2 оС lath. 

Pele r ەسە‎ the Aska la Want combust’m chamber 
u KT pw Ev 

SCHTMATIC v GIVEN DATA: 


FIND; 


CoH T | 
3"8 
C2.5°C lahu ) | | 1 СО, н, о, haf 
| 
т | ш 
Git) eres 


ASSUMPTIONS (су The Con tol Veluwe flown wm thu fy ure 15 at Steady 
state. (2) Cou оо u Cou-nle te with the theaye bh al o wet 
(3) 7.7 woles 4 Юз. AC comp өү erca bole q Or ur tu Com bohm ary, 
Na is inert. (4) The ary and Gaseous duck Can tact, he wo ds led 
as cde "Len wav fares. CS) VP nif ee n Ruse any affects Cah be Гао d. 


BO KUT SIS: Complete to w h vx om J CE coc tha theoret eal Anwunt A air 
Is deserrih-ed ee 


arr. 


Сане ~ 5C O4 + ?.76 M4] —™~ 3 со, + 4 Но + 1%. Ma 


Ax 29°, late Sune Ha waty form t^ село b o1 ow به‎ ota aR 
2 Адо. The 405 р of Coy Mr, 6 Ha о М орок W ousa log 
Sahra Rd: 4b perfve pro sure “Бе toa fer Vopr oUa faa 


fa (25°C): 
lay lons bor ) => ny = 0.764 Kwele 
о 2 ———— v 
ATUS Ld 
ъъ 
"Tol e A-2 L 23418. 
= 0-03l6% bar 


use Wy шы rer ӘЛ 4 wa by vapor an the produces. Tho amount 4 Ague d 
Water wx the نامہم‎ + tio (4~0.704)= 3-226 ew. 
Ам. Bor ay Ae Do. Ге РУСУ Ace cs-S 4o Asad 


wes: E .2? — 
O = Ar XR + om + — ) 
0 e — © 
> No TE. (ч.к р, 4 o0 Te) шос) + 


Ф 2.2465 Juste’ ] 


Goth, dat E an TAL -257 


‚ ‚24 (- 288, £3?) — (-t03, &v 
б< - a(-343,920) 4 0.704 (-241, to) x 33 ( ) 
ne 








22,189,047 KI 4 cR 
bust (эл) | | 














l Ње the exiting Mqucd watr we uaa CA )u oe) fran Talla А-2.) ignoring 
the олло differ. Белла. true tu q h Satecated lig urd 
walr at 2 and Liquid wate at 25°C, la hu. 


‚3-3% 


PROBLEM 13.40 


kr ou: Steady sht operating data aca prov! dad for a berler 


Хала Ал 4 by methane. 
Prob: De Ley mune to volume [усе Kow Ane zi tho five |, 





| 

| 

| Pasductt at me: 3-7 xo K9, 

| 47°с, laim h 
40% theo air [ 
ua66 led SSS и 
ASSUMPTIONS: (1) The contro! valume Shown f^ the acon pany ng fig uve operates 
at Steady State Gerth Wey = 0 Ond neg Iro ble kruehtc and potenh'al energy 
eClects. (1) 3:76 woles of Na ACCOV | a» each mole of Oy tn the ar., b, is inert, 
(3) The idea! gas model is appii cable To she combushon air and the products 
of Com bus чом. | 
AVAL YSIS: Compte te cCowmloothion ef Cha with 40 Vo о} thaoreb teal arr is 
desers bed Vy 

Clq + 2.8(014 2.76 0) —» Co,-r2H2 O0 + 0-8 О, + 10,528 My Ct) 


An energy rate balance reduces to дгуе 


Oz was. [^a4-h«s] + (А.а), + [. 2.8ho, 4 (318 h м. h- Û hea, +2k uuo +0.Pho, + 1078 he, ]; 


with We WS Ah | | | 
pt D - R241 10.528 [h (700) ~ 
aL he + h(100)~h (оа), T ;* o. ¢ [ h(7o0)- М yl ot 


. Ф 0. - 
ms (ha-hel= | hg * (оо) - ^ (эл) | = _ 


NED - Cu à 
L ( 
Inserting date Kom tia Stearn tables aud whe 1 donk 9o ta bl er 


9104 2408%- 9,904) + o. 21 124 - 2,692] + 


-24i 
— ,510 + 21125 - 9,36 4) + aL J 
— 2.¢(u Til - %682) 


"s [310-3344] = L 
ne 70.52% [20,604- 1640) - (-14,%50) ¬ 


= ~660)287 ®З lemot CC HY) 





Thua 
Ws = 296,287. 324.98 Egisteam) 
We 2631. uet (furl) 
оү 
„_ . зто ralh = || 3 2.4 и 
Ye LAE — \ и 
324.4 191 eut fet 
— кое 
Apes Ge Gwe => Avie = vef ETE) 
F AE ar «ота туле Pe 








” 


$314 bes Y 218€) va ee EEE 
BRT chef @ ке: = 270838 w- -—%- 
ч: ho X [ot 3 Xro Nf war i h 


(3 - 34 


PROBLEM 13.41 


KNOWN: Liguid &Ya wo! ents a combustion chamber and burns with ewlering 
separately with on equivalence ratio of 1.2. The mass flow rate of fuel 
aud the hect transfer rate are specified as are Но combustion products, 


EIND: Déetevmine Са) the exit temperature, amd (b) the air-fuel mt on a mass basis, 
SCHEMATIC. GIVEN) DATA: 9,,2-3.57 xi kTÍs 






C HOH (8) | 
ASSUMPTIONS : (1) The cowtrol volume eL 
Shown is at Steady stode, and waq o иода | 
with negligible kinetic auc potential Aw f cû, O, 4,0, Noe 
мемам effects . (2) 3716 kmol of Na 227%, 2 طا‎ — 
GCCovYw. am each kmol of 0, и Jue air lan uw aleuce rafo 2 (.2. 


ovd. Nz. is mert. (3) The combustim air 
ama product gases behave as ideal Gas WAVES . 


ANALYSLS : (а) For complete combustion of С, Н. oW CL) wilh theoretical AW 
Cid5oM + of), CO,+3.16Nx) > 20, + 3H40 + dy 3.16 м. =D X= З 
Vf 24.16) . 
thus (АР) ےر‎ 2 2202762 = 8 


Novo ` 0 (Fa act _ CAF a — САФ 
CHUL. ratio = mu — (Ак) > (AE)... Then- 11.8 
and о „ (AF) act — 
UU (6 


Thus, the achrol combustum Teaction is 
CoH DH + A.5 (02+3.16N2) > $c0; * Y CO-- 340494 Na 


С: 2. = pry ا۵‎ 
O' 1+252) = QCUC) + +3 =| 


(Ay An energy сиде. balance at steads chate reduces to 
_ Av W 1T T Y. т 7 ГА E» 
О = ra JE. uates o, t 4.4 hyd [ cet cat 3 hyo + 4.4 hul 
WT “he + Sk, , nog Voc hy =o for О. ond No Maas becomes 
O= p ade yout +2.5 [ (воо) - (але) ] ot 14 [heso hers dy 
- DW thay) =k 2383] 2a [R,+ ker -\ Gs") | - 3 W туу - essi] 


ж Hat (4) 
-4.4 Кси - гав). (2) 
he Molar Llow rahe et کک‎ is € = m [My ot = 26 كاو‎ — = leme) 
— 46.01 kalkmo 73421 T$. 


selving for Г еу) з Chom) 3 USC), +44 RT] aa ол inserhig 
daha trom Tables А-23Е ad A-25& 
(Ther) E TOALN + 3 i моъ у] А.о + 4.4 | her, 2). 


= Pu + (Romont 2:817 Goo) (оле), + 4.41 Сог) - Was), 


ne 
~ L Rg- Gay] — [We - cs] — —8 GA | "e «^ [- c 218) J, 2. 
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PROBLEM 13.41 CCotad.) 


2 (- 3.75 хи o0?) 
(0. 5421) 


- [-110 530 - 8669) - 3 [ -241820 - 9904] - 4.4Í- = 460,957 -EX— 
| І L- еи) 4 асо 


This equation com be solved iteratwely for Tz using table data. The result rs 
(D 75 = 994K. ——5 


+ 2.5 | 14110-8682) -4.4[14591- 8669) - (-343520—-4364] 











C b) Using Fq. (13.2), He air-fuel vatio ma mass basis ts 


— [Ma 284371 (асг) 
АЕ = AF — = || (2221 = +], 
mee} = ma ($E) #1483 SO ae 


l. To avoid iteration usted table data , IT cam be идей , The UT Solution faollovs . 
ІТ Code 


Т1 = 25 + 273 / К 

T2 = 227 + 273 ЙК 

hfo_fuel = -277690 // from Table A-25 
Qdot = -3.75E05 

ndot_fuel = 25 / 46.07 // kmol/s 


0 = Qdot / ndot fuel + hfuel + 2.5 * hO2 2 + 
9.4 * hN2 2 - hCO2 3- hCO 3-3* ҺН20 3- 9.4 * hN2 3 
hfuel = hfo fuel 
hO2 2-h Т("О2", T2) 
hN2 2-h T("N2", T2) 
hCO2 3-h T('CO2", T3) 
пСО 3-h T("CO'", ТЗ) 
hH20_3 =h_T("H20", T3) 
hN2_3 =h_T("N2", T3) 


IT Result 
T3 = 993.7 К 


Note that the iT solution agres favorably with the iteratwe solukon. Also, note 


Mal IT evaluates he specific enthalpies tw the bracketed terms ги Eq. (c2) 
directs ; 


13-41 


PROBLEM 13.42. 


KNOWN? Steady State operating data are provided fer e Com hesh on 


Cham ber in whee Cg Нь burns ш. Th 295 theoreh cok a'r, 
FID: Determine the fuel млд CS flow rate fo e. heat фа ил cer rate. 
10606 kW 
Schematic % EVEN D ATA; 


< 


Quy = ~ (000 kW 





Сонс 
probe. А D © 
at мл, » feum 
1 Co, CD JHN 5 
L000 K 
45%, thee аху i 
as“ la tw. — إل‎ 


ASSUMPTIONS: (t) The Con hol Volume Shows 1s at с fea de, State with WeyzO 
and Me ql 5: ble Kine he / poten had e nery y effects, о) 3.76 oles of һә, a Cte vang 
enci ио е of О, in The COmbesh air and Ma гу tner€ . (3) The ideal 74+ 
Combushon air and the products of combeshion, 


mode | id Apple cable do the 
e; cahon for Lein bug hon with the theore th cak 


A WALT Si S j Tha balanced Veac h QA 
Самал t q ec Ps 

Сен + 75002432764, ] — 6 CO, - FHOFABAN, 
The balanced reac hun es vahen e Combushoen w: fh 9 уо lease hc ares 
( Hg + T28[01 3.762] > $25 СО, + €. 7S CO + З.О т £6 T7 — 


— аз balance ге duces ts 


An 


yh + 54 iw $16.79 bw.) 


* Cees E ET he, + 26.77 had ] -Ls rsh + OAT nc 
— 


with m aby on x е 6 
E — "s РЕР: : g+ CHIL, — n 
Qey s.axC h * dhje + O 7SLlft eh Je + 3 Chet 26S не Ee C f 2. f ое 
| = Я 

A fue | 

ne idot дас tables 


Wi tn data free. 
4 з [241,820 + 5 $82—970y J 


Gev — 25 | -393520 44274-9341 +0.75 ( 7/0, $ 30 +#935Ў- 6071 
м рае Ие 
+ 26:74], 20124 — $667 J = (x2 430) 


4.3 — 82,920 


— 
— 


tod — 66,633 a oT7$26 + $74,‏ ,$40 رأ 


= 22,102,780 ke / кеа (fel ) 


Then, fr eo = = {000 KT/s 


-— ed cout bus 
“геі E 286 KI/ Kol (ем) 


with M= 7810 [re Тр A-I 
keg CP») „одну БЕСЕН ج‎ 


| RU Mp PE à 78. Е: 
И рее | = (4.73 хое ee CP y tun (фе) 
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PROBLEM 13.43 


eee: S4 ade Spa te SES dete are Provided for o 


Simple Va por e lant. 
FIND: Plot the mars flour rate of fuel nequired jv g/h per Mw of 


puwey developed ) ventur ماج‎ plant Ha v ves Aenea ) Y| : 


SCHEMATIC F GCLVEN DATA: 


CombeosSton products 







p lant thermal effre'ency : 30.* n < 40% 


10% m эь 
+мео. arr | м 


29°C, lat». 






—— ATE 
ASSOMPTIONS. (1) The contol Volume shown ra the acco m pany ine Fauve by the dashed 
line operates at Steady staje with Wet and ness ble e Hecti of kimeh and 
poterh al смеа. GJ 3.76 motes of АЈ, a €C6 wo an еол mote of On tn the ary. 
M. is wert. 05) The combuthon are and products оў Combustion are modeled 
05 dee gases. | 


А mursis: By defrushon , Y\ = W/@ => Q = М/у. For N MW of power developed 
Generated, 
d) = Nyro es [s а) 
ү), 


Ls ААА Ү\ 8 ем prot $- ot. ал oc do eina ot А 


T. evaluate the mass Flew cate of the fuel require! an energy fate balance, te. 
Curemrcced feachon лд ое. тои , and dacs Value for Ф, | 

Complete cambuthon of CHq with tha thacre heal Amount of ain vy deser: bod 
by Eq. 3.4. Complete Com bus: h on with 110% of thoeorehr‘cal air kt неи 


Chg + 2.2(0243-76 P2) —) Coi 42H, O «0.20, + 8.222 Mi 


Wo 8^4 thet Q сс р, Кее in the direc Бол of the arrow onthe above sure 
Aan eneryy rate Valance af stead, state reduces fo give 


= Fen), + (2.2 ho, + tarhin), - (heo, + thus, 40.2 ho, + LAN hy ب(‎ 


; gle- 


wim Wate Oh : А 

; = ry - = ~ -— F ~ 
— А Oe Jens + (2.2 £ Jo, + vm bu) = (Сү + hk (%23) - к 40, + el Mta ксп) Ао) hea) 
— + ол} E Gu) лечо, + sa7 2(R Um" oan), ] 


e 


Then, with data from the deal Jas tables 


|o. 


(-74, £50) ¬ [-343, зге + 14233 = 9364] -2 [271,220 + 147 - 9,904] - 0.rf 2405 Bote] 


сич ~ S.27 12,313- 9,0664 
= 757,467 k3 [мо (CA ) i i J 


3. 


Combining thie width Ct) 
cu ae NK? ЄЗ/с 
Үү (787,467 ез/к+4) 
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PROBLEM 13.43 С Go Wnued ) 


" у to? Ils | wet | | 








mecha = Ет Кред 
"71,267 к(ки ) 
на = 78 s) (2) 


1 


Eq: (2) 15 4 simple mathematical relation thot can be plotted readily by hamel ex 
Using Commuter Soft ware . The following plot is obtained using iT: 


240 


(kg / h / MW) 


m 
CH, 
N 


0.3 0.32 0.34 0.36 0.38 0.4 


Nole Mat as ha el efficiency increases, less Hel ts needed pey UW of 
power developed as expected. 
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PROBLEM 3.44% 


KN OWN: Steady Staite Op rien ag ded o provided fo 2 суре Gas 


Jur bine Power plant, 
Determine tine net power ouhowt Ler A Given lu el voa $$ 


Clow rote. 


3 GIVEN DATA: 
SCHEMATIC | CHq (g),.25*C. 


Tue): 


wr, = 1200 kg (и 








| ° e 
| Qc. 2-0! Wnet 
| 
| 
| 
| 
| 


p» 
400% theo a'r Combos Хои prodoctt 
25°C; latm QSO Ky lain 


ASSUMPTIONS: CD The сод м Volume Shown in the Accompanying figure operates 
at Steady state wrth nesigb/e e ffet of Kine hc aud potent ‘a! energy. 
(2) 3.76 moles of Me Оссо pany Cach mole of О; inthe аге. Ma olent. (3) The 
ideal Gat model it орь cable tothe fuel, combustion avv , ond the products of cox bve hin, 
AWALYTSIS: Complete combush' on of C Hy wrth the ftheore А` cal amount of (ea 
described by | 
C Hy + lotne > со 2н о +190, 
Complete Combustion with 460 % of d heoreh'cal air cs then 
Сбч + 8 (0.43.76 921] ә 6424.04 (o Ont 30080, 
Aw enengy rate balance ГеЧл2се; at Steady state to 
O- So - са Tw (5 січ), + ( | hot Bhn), – ( b to, "F2 hi ot с к joe hw, ), 
\ 


Then, with Bey 2-01 Wey ond PNIS E he ) Ni ae)] 
= _ Я M -> = Үү -2 +n (CSO) - и (2! 
Т We (ne) + (ab "M! - [by oves Mni], Lh, i ML 
O L Accel сиу eU ' * = (of hte so) —h(299}}, - 30.08 LA (Set (Rl, 


With dede Brown the «dank gaa tables and Take А- 2,5 
iL си = -74,8950 -(-3%3520 +3473 -4364 | -T-a ezo + 09,090 - 4,204 ) 
. обола -8, 682] —%0.о@[ TS, 2% - 8, 69 | 


= (31,180 ЁЗ Zé o ael 
_ (1100) F9/« 


el (10.04 ) EST wat 


OO A. (131,701)‏ > رر 


= 
e 


су Ul 


le mol uel 
= 0.0% o18 < 





iW 


3%000 5 








= 2.44 MW 


keel | (000 kT (s 





kJ — 








|. The (aao must enter tun Combuctr at an ele vated posture 
Kee Ate مامص‎ о ал air ү. ro. r-e يما‎ loos, n Сд овде сў WwW passing 
ао е Compressor. However, withthe < dau Ga. ито б tere 


[a ۾‎ u Top Lo de fy puns d hu Tw te wp e уа ture ut 
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PROBLEM 13.45. 


known: Ce tg Gat 25°C , late enters a yet engine and burnt Completely wiih 3007507 
theoretical avr entering at 25°C, latm. Products 9xit at 440 К, latm. 

FIND: Determine Fhe thrust Produced е9 the, engine. 

SCHEMATIC # GIVEN DATAS 





2 э” o3 
— Prod vets ? X 
DS TC at o — 
(АМ), = 42s 
Ce Hg (9) 
2¢ 


ASSUMPTIONS: (1) The contol volume shown in the ACCOM р any гид h's ure Operates 
at steady state wath Qey = Weyto. (a) The Wine h'ec energies of the race wng arr 
and fumel can he neglected. Potentral enersy can be neglected throughout. (3) 3-76 
woles of Na accompany each mole of O2 ги the air, Na re inert. C4) The "deal gag 
mode! I$ applicable fo the сор»; Мом air and the produe ts of Combushion. 
ANALYSIS: Complete Combustion of Cg Hig wrth the theovehical amount of air ге described 


by Cs His + 12.50, + 1.76 ^3) —» со, + 4 њо + 47 A, 
Co v pte te CombusNoun wih S3609/, of theoretical air rg then 


Coe ¢ 1250, 4 141 М. + $00, + 4 ho £250, +141 M, Ct) 


ao МЫ, rate balance at — state reduces to — 


-e س‎ e —— — — — — — — — — کش ےک کے کے کے کے ےک‎ TM 


where n denote: a molar flow Yate and Wig t$ the mage flow rate of +he exiting pre ducts: 


m,= Meo + "uo + ho, + mM), ld Мо, hco, + Mohn + Mo,90 + My, wi), (3) 


Dividing throughout by the welar flow rate of tha fuel anà solving fr Ly 
Eas. Ci) - (8) eve 


t (Кона ), e[s25ho,e i4thm d, - [ етс, + A hao + 2£ ho +14) is 
(8 Meo, * 4 Minot эл Mo, + 141 My, ) 





M 
1 


-=m — = on f 
With hı = het Sh and noting thet hye =O dec O ond My 


B dv NM 86 8 [he + (49%) “hn 241| ~4 [¢ +h lage) -biane)), T -ac[ h (140-a ~ [41 [hlag “h248 
(8 Meo, t 1 Mimo + 2F Mo, + 14| Min ) 


With data fv ow He A deot Jas tables 


5 € 208,450) - 8 [-393,320 +42,226- 44] - sm - 4,904] - 2 r(35041-5,602) - 14 (29, 902 - 6064 ) 
- (s (44.01) 4 a (1.01) 4 232.00) А 14122.01) ) 
-201,430 4 12952644 NING, ACHE = SFB I~ TITY SIS 


52.63.67 


:205.4$ КЗ. 
Ka (prods) 
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PROBLEM 13.4.5 ( Contd.) 
Solving fr. Va jand in trudy cing aq fo pr sÑ Conve rion Fa foro 


ү 2 (208-98 SS | - 641.94 m/s 


J gner iva thea momentiem transfer assowated with the Ceu ant 
In conina combustim arr, E q- 9.31 gives the ma عه ماني‎ 
хао uu vk force w Hho X ere achng an fur Contry! M к Lv wre. 











Ко ла Va 
×= "^a 3 T (4) 
Coles. | 
mac hn = Ga en.) | = (it CPA) | 
42 wfs)( [01325 кло ома?) 
— A 7 С = 44.9% K3 
B ЕЕ т" z )(олек) = 


From as ^e c io. 27 vah o^ +h, fuat - air raho na mass basis со 


РА = [i «mel (fuse) [14:223 | poe! J 
сс АИИ DET و‎ (tot 
( (325+ 141) rel (aw) [28.94 x⸗/ ken] B — eg rn 


=> ("^3 - 0. 0221 [+16 E). 50.9 E? 


Accord c (4 ) Ne 
T" (s. ey 6468€] —— 
Fy = (So 1 ex zz | e$: — 
= 22,670 N 
The Abrus + ù pha force devetepat Oaths trader vom: 


Theust = Ем = — 34,670 N- 
acts do +t left (Se figu) 
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PROBLEM 13.44 


KIOWA : Steady Ste-te optrahng aqata are кемей for a boiler aud pre hea te i> 
F/D: Deternune dU teuperature “(yo Cou bhufhm ain en fering He 
ler fran a pre teo. 





SCHEMATIC T GIVER DATA: CH, 
— — — 25°C,.1 atm 





— — 















Air 
25°C, | atm 


e 
Combustion 
Pas arog, С. Jmm mme once — 


(935K) 


Feedwater Steam 


AISUMP TIONS: (1) The Cou toi vol چ مہب‎ ho wn бал ho. figure US at Stea ctate. 
(г) For the Control volume, Qey and Kina еро teu hat егеу effect aye еее. 


(8) Combushay гг Conte te wr ta 170% of- Heoreh oe air. 3-76 uwles 7 Accowpary 
eocw wele " O in the air, Me о inert. (4) Tre air aud tthe ее wb o s [Y ох 


pro осі Can Llach юл nodod an an «dst مه و‎ uty tU. 
ANALYSIS) Complede Comburhion with 170% of theeret cal ain а) deser: ked by 
сид + 3.4 (024 276 уг) Co, OHNO + 12.78 Na 
An e v5 ports balance Lov tt pre Кае. rea d ¢ 
(3.4 ha, + плз |, 7 Leth, аль), + he 82 oL ho, UTER |, 
C hco, 4 WW |40 + |. € h о. e hy, | 
Wa th dao tw Se ت‎ Xu w Lt gos 4-4-0 f 


3.4 1 (т) - €6 8*J o + 12.78 [ h(t) - 8ь64]0, = 12.78 [22482-22017] + 


[ 46602 — аго jea, + 2 (38 2 -7323t ] wot (4/33 °ч? - 2435], 


=? 3.4 И, (Ta) + 12.78 hg Us ) = 221,808 ЕЗ Accus) 
2 


(Т Solving i era ue le Using data fron. Taha А-23, 7 = 197 Cs ج ي‎ 


1. levati vwa وا‎ table data can be avord ee by using LT, as follows: 


IT Code hN2_3 = h_T("N2",T3) 
= А hCO2 4 = h_T("CO2",T4) 
Шаар hH20_4 = h_T("H20",T4) 
T3=797 //°С — — 
T4 = 662 // °C hO2_4 = һ_Т("О2",Т4) 
hN2 4 = h T("N2",T4) 
E | Е à icd ae 0 = (3.4 * hO2_1+ 12.78 * hN2, 1) - (3.4 * hO2 2 + 12.78 * hN2_2) + 
hO2 2 = h T("O2", T2) (hCO2 3 + 2*hH20_3 + 1.4 * hO2 3 + 12.78 * hN2 3) - 
hCO2 3 = h T("CO2",T3) 
ПН20 3 = h_T("H20",T3) IT Result 
hO2 3 = h T("O2",T3) Т, = 196.4°C 
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PROBLEM 13,47 


KNOWN, A rigid дик ini Kally wn tains CU4 and О at œ кот cord tion 


Cove a Ceo. l2»; he: ccc е aad d ire D cct p^ CLUS is Spec he d : 





Fira * Determine 4^2 heat transfer (a Bia. 
SCHEMATIC € Given DATA: 





Reactents ; |) 16.04 lb CHA | Pre dut € 
| 77°F, latm ! 
ine hat Rinel 
ASSUMPTIONS? U) The Sy Stem Is indvcated im d^. above fagure. C2) orda 
Sy Sk wj Wao oud Кале фес /potenhal а, ejA cfs are х осел. (3) The desd 
Gas mode { rs apple ca bie. 
AMAULTSiS: 


Ах energy ba lance reduces de give 


| Сә = ATT To evatuate ATU the 
de UR temperature 5 





геј vired. Using tins xv Ca | 9435 -e =. Ge مہ م‎ oF State 
Fr = VR. R Tr р. Vo Ё Tp Рр = "e le => Fp = Te 
— АГЫЛА 3 P * — Pe n —— — Be == 
Ww v cr TR "S 


| 2. Е =) 
where Ag = ek + * - (4224 алі fer complete compostion 


> | c» Nps 1+2412 4 
Cts, +30, -> Со, t DHeO+t ©, =? Р 
Accordnaly, Tp = (333251796) = (BOOK. 
| 


; — Tu es Д5 л 2 a7 
Then, CD = Op R е 


Су = Ee + 2. Мц, о + uo, |- Сна TUM 


а (Gree, RT Yr Ск -RTe) * Cho, RT J, Сак) «зб, - E78) Ja 
= Dco, ag uesp heres Cheng ъз йо Ја + 4g Ta-Te J 
Then, Using А = Wy К 
(ә = р еъ Јо, + 2. ИУ tola, + Go f, - СФ; dade: + 4R (Те - Te] 
Wm Ante Syne Аа Adae Sas tables 


@ = [ - (е4, 300 + (18342 — 4028 dez | -104,0+о c (15433 - 4258) | + (13486-3725 J _(-32,u0{t 401480) 537-192] 


= - 154,936 - 185,730 + 416 + 32,210 — 10,033 
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PROBLEM 13.4% 
I<MowN. А closed »trgrd vessel Contarns a gaseous min haire at 25°C, latun 
with the molar analysis 1 25% C, Ha, 7j", ô: f. The mixture burns 
Com ple tel ч and t^e products are cooled to 500 К. 


Frid: Dedermine lathe heat ud 
SCHIMATICS GIVEN DATA: Бы 


—— рр aaa a a 


fow tue vessel per emol of Ca H4, and 
Wet Pressure pu ahan. 


| Preducts: 
| Cor, н.о 
5o00k. 







Geen eee | 


om PEN Ca ae — — — 


intret final 


ASSUMPTIOINS: Ct) The syshem rs Shown in the ACCOmpann ing fesvre. Сә) for 
the system WO and there ave no екеін of Kkrunehc and potenha/ 


energy. (3) The deal gas model ri applicable do the металі and final 
ил. меў. (4) Combushon fs complete. 


AMAUCUSS: Complete combushton OF ©ъ He treorehcal Amount of 
оу vs desev: bhed by 


Cala + 30, > 2603 + 2HLO C) 


for Pee reactants on a wolar bass: Co H4 3 25%, 0,173975, Accords n4l9, ct can be 
Concluded that there іс no excess 02, and that the reach'on un dera one 
by the system is decer, bed by Eg. ct). 


© 
(4) Au energy balance reduces to AU = QF or 0 = АТГ UTT. 
When ex pressed on œ per mole of С. На bats, Tharsis 


Q „ Ux-"Ui 


z = 2. U.co + 2 eat = Ke Hea + 3 Uo 3 (з) 
Vic Hd бе, ну t t pla [ г t, 


For an 4deei gas ЧТ) = ACT) - & T. According ly , 64° (2) 9»ecowej 
z (2 (и сту = ЁТ») oe (ме (Tr) - ёт) E (ND - RT) +a(ho, tT) -R1 )] 
Ney iu 
or wrth ha hg+on : 
15 6h hl ) (re) ~3( be 0 -4R (%-T,) 

e. 2 Che 4 Стоу) -Rea Jeo, + 2L hf МСУ) А 24е Juro g f вну 2 
Ne Hy т 
With datea from the X Ae, Gas tahles 

| — = & $. It $t» -)^ 
A. [зао mere- 2364) + 2[-2¥/, 220% 10, 2B - 9,904] – (92,250) - 4(%@3 Yt] 
no Hu j 

> - 77041? - 464 741. – 51. }-%09 ~ 6718 


(@/ hau 
> س‎ 1,249,200 к/к GG Hu) — — — — — — —— 


= 


(6) Using Xe А deat gas 29 vet m 1 Sh be 





p= Ме ЁТЕ f. nee = (+ 2 \( $25) = res 
ҳу T ~ NR TR 4 24k 
fp = "PET. 
C 
=> Fe + | GBatm. A = ГР 
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PROBLEM 13.49% 


KNOWN: | Kwel и, Сс uu aud (SO 95 af thaeve ti cok Aim ола contmerned us سے‎ 
Clocged, Atgid vescel of 23°C, late: The wuy pure burn, сезле lel 
ferun nig pre do etr 800 &. 

Рик: De ley mune ta) the haest trans T and Co) t~ лка рч ола. 





— ee eee — 








|, 6s Hu i 
150 Yotheo air 


|00235?€ | labe 


t 


А e ынын 
ASSUMPTIONS. (ау “VAS System Ia tha contents | tre vessel (2) Com دا‎ vt а ù 


Couple ++. 3.67 kv? 4 ولا‎ ACC دن‎ enl each Erte Of ctt Cow loot hm arr, 
Na iy inert. (a) T e A and 9 مه‎ Vad det a рр!" е? ts Ае. tan ra Tx of and 


TTE qas wag tures, 
Avars: T Uo conp Ve te neach m 4 Cs ha with He Haere he یمه‎ y air lo 


Cs, + € [05 1726.7) — S со, + оно « (8 (2.76), 
Cow Ramu Хае CI тл with (SO Ес alr 15 
Using tw A ميم‎ qe м о-ва 


hor Ж КЕ р 1 олт 8 
E ир te ~ : 00 K => 
V > Pe e XT) m (ae Er 2.1 








а» — — 














V 2) ГЕ 2117 atm %) 
Plow: па the das cos ti бл | Jee 13.2.0, an елэ су eret Aree e to read 
Q@-w= 2 ч (Te + Ah) - Dn lhe + oh) - R Tp Ln FIR 2^ (1317) 
Р R Р R 
or 


o o 
Q= SUR ат] со «OCRA dus f й] + «S.C Grohl, 


- (t) _ Rion > 2 Te 2n 
Cs in ., P, Ê 
60. 1⁊ 58.02. 


мә, мА لیما‎ ges tots da ta and йн fran т, A- 25 


а = S [7343,520 +32, 119~ 9364 | + (o{- 241, 820 +27, 8% ~9404 | -«[24 523 - 82] 
+ (Sc [ 239 Fob] ~ ( (46440) ~ 8,314 ((800)(60.(t) (288) (s € Ar) [ 





= -2,S63, 15А ky (a) 


13-5 | 


PRORLEM 13.50 


KNOWN. Са Hipg)reacts completely witharr. The reactant: and Preducts ore. at 
25°C, la tm- 

FIND: Determrne the enthalpy of cow bos hou for (a) Н.0(4) ы Jue products, Ce) 
Hoo (4) in the products, Expross each wi EJ per emel of fuat and 7 per 19 of fuat. 


ASSUMPTIONS: (1) 3.706 mole: of Na accom pauy each wele of Oz inthe air. Na vs snert. 
(2) Com buskon i$ with Fhe theorehcal Awmound of arr, (3) The combushon arr 
and the com ооз Нои prodvets can be wodeled as ideal gases. 


ANALYSIS. Cow pte Xe Com bustion of Ca Нь with the theoretical amount of 
ow sS deserihed by 


Ca Hip + 6.5102 3-226 AR) > 400, + SHO + 2444 ^. 
The ev XS «ina of Cow bus hon v's | 
hep = Аў сь, +S ^uo - ^ ca n ~ 65 ho 
Since the reactants and paeducts ae at USC, l atm thes reduces Siw ply To 


5% 2s 2% semo 7 T енг 


Ca) HO is e Vvaper. ting data frow Table А- 25 


Lo 
hap = 


` 6 
es = 4 (-393,500) ^ S (-241, 922) ~ (12e, IFO) = - 2.657400 € T/kmet (Ca Hie) 


У oe 
tov Ca Hio, М = 58.12 , 5 | 5 
© : 6 J 
һер 7 — 2.057x/0 _-45, 716 > 
Sell 
(o) O it a liquid. Using data freon Table А257 
— К 6 - 
hae - 4 (-343,820) + S (-285, 920) — (a, HP) - 2, 72 Y 0 KT /emol (Cg Ho) 
«af —— —— —— 
and n 6 - TE 
һер © - 2.9700. _ 44,501 T 
S$.12. е4 
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PROBLEM 13.5 1 


` "Pu arn. The reactant and predoctt 
с ко о» Ч Cs Ад (43) react Comp le te ly Go t 
ore Ad ox late aud ما‎ upera tu T. fer C3 a сел, ер20.41- 8H bk. 
Poo: Plot the ead of CombsuShon verras T фос 77 ATS 500 °Е 


ASSUMPTIONS: Ct) 37 moles of M accompany each mote of O» inthe arr. Ma i's 
inert. (2) Conbushon is wrth theore heal awount >f air. (3) Tr the products, H20 


Y i modeled as 
у Ve per: (4) The combustn ar and comb ostron products can le 


O aveal gases. (5) For Ca Hg(4), Cp w Constant. 


ANALYSIS: Complete Combushon of Ca He With the theoset cal amouut of ar ry 


described hy суне (9) 4 s(05:620 Na) => 3Co, + 4Hio(g) + (8.8 Pa 
The enthelpy of combustion vs а 
aec fest А носу 7 Pang) 7 5 ht e 


n т TS тт) (S37) 
= зг; Алт) wc] oo, + ^ Lhe t АС) Jureta) 


о 
- CRF + АЈ снр) = 5 Б + С) -A (£27) o, 


S 70 ы ACT) - 6 0537 ө 
ар АС еу * нее N p 
ALCRD- mog) — C Cp (T- $37)]., Hgts) 7 S th (T)-h (337) 
Sample, Calculation : T=%oeR C5009F). With data from Table 4-23€ aud 4-258 
„+ X 8 (164200) + 4 (104,040) - (-4469)§ + sl (T)- 4028] co, + 
ве ` Е 
4 CR- 4200] mog) (0.41)(44.04) [01-5227 - 5С C0- 3228] 0, 


s 0799 ese ЕТ 4 BL б)- 40281] со, + ALR- 4258 Ju, ) 


(fuer) _ _ 
— ©. 41)(4404)£ т-<з?] — SC (7) - 3727 رە‎ 


— —— 
198.08 


H 


-814,830 + 3[ 6244-40281 + 4£7738- 4258] - 18.08 [460-537] - 56786 -3725] 
- 715,165 6 wel (fuel) 


The dat. for the re quired Р! ot are 


obtained using IT, as Follows: EE 

IT Code POURS 
T=500 //°F 

_ 878000 
hCO2 = h_T("CO2",T) © 
hH20 = h_T("H20",T) = 
hC3H8 = - 44680 + (0.41) * (44.04) * (T - 77) E UE 
hO2 = h. Т("О2" Т) = 

= 874000 
-hRP = 3 * hCO2 + 4 * hH20 - hC3H8 - 5 * hO2 E 

g 
IT Reults for T = 500°F ^ 872000 
- hrp = 8.751 x 10° Btu / Ibmol (fuel) 

0 
50 100 150 200 250 300 350 400 450 500 
T (°F) 


Note that ho, varies only slightly will temperature in We range shou. 


|. The results woud diker enly slightly if the малод ion of cp wilh tewperakure _ 
were considered. VT по NATUR foc Cat, dab ессе uds for ok variatum - 


PROBLEM 13.52 


К tow f ; C Ha (4) Aaa ors complet! w i Ha Gin. "Two ^ c а and pre docti 
are eat ab lah. and devepercate- T. Fr CH, 


Cp - 4.52 4 7 37( T [tooo) Bh /lbues 8 ) Tum OR. 
FIND: Plot Wee versus T fe STS (@со°{%. 


ASSUMPTIONS: ©) 3-76 Wwoler of Ny accompany each mole ef O4 in the arn Na is 
inert. (2) Comboushon rt with the theore cal amount of ave, Nets inert. (3) ТА 
the products , Нуб гу a vepor. (4) The CH4) Cow leot Ол atv), dnd combothon 
Products Can be modeled a; ideal Gases, | 
ANALYSIS! Cow рете cow вог ом of CH4 With he theoveh'ual amountef aiv if 
bsw, bed by _ 
CHa 2>О,+7.ї2 № 2 Cor + 2H, 09/7 32 А. 
The euthal py of Com but h'ou iS 
- - = 0 
Y ~ heot 2 ^mot9) — hehe -thon 


— sr) T + Alen - Ж мл 
" py xh (T)- К єз], ++ p Ст) - 537) pots j^ t hy t Ah Jery 2K hlt) о, 


Ayo, + ыу Play + Duelo, NREM] a) 
ii L 





- aD eng — 2 UR G)- RAD) о, C) 

where : 2 
ш 37 ( Te у!) 2 
а f етет (НТ + азарте) EDS 


S37°R 


ample Calculation: T=400°R, With data for ideal gases from Table A-2& asl (Ту 
from Table А-25 Е. 


hops { (ша Зоо) + 2(-104,040) - (- 32,210) § + [7598-4028 ] + 2[72 31 -4258 | 
ada. FX 131 (400 5347 
{ 4 52 {400.531} + = [ too = 521° ¢ 26338-3725] 


= -344,440 Bhu / lbwmol Силе) 
The data for We required plot are 





e 
“Cite 


І : PLOT : 
obluined using CT,46 follows + 
IT Code 346000 
Т = 900 //°R 
— 345000 
hCO2 =h_T("CO2", Т) E М. 
hH20 = h_T("H20", T) = 344000 
hCH4 = -32210 + 4.52 * (Т - 537) + = 
(7.37 / 2000) * (TA2 - 53742) 2 
hO2 2h T("O2", T) o 
ca 
-hRP = hCO2 + 2 * hH2O - hCH4 - 2 * hO2 E 342000 
IT result for T = 900°R 341000 
- һр = 3.442 x 10° Btu / Ibmol(fuel) ж 
500 700 900 1100 1300 1500 1700 
T CR) 
From +he plot we see that hep Varies only slightly wit demperahare. over Me 
б rim 5371 to Boo R. оделе иил, He curve exhibits a minimam witan 


Mis ronse. 
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PRoGCEM 13.53 


KNows: The producer gas of Prob. 13.17 vegets complet els with air. the reactants 
ON ek. products ave of 77°F tam. 


END: Determine the entalpy of comlouttior for Н.0 сб) in He products. 


ASSUMPTIONS: C1) 3.76 Iemel of No oceompamy each Шмо of 62 im Ha air, and the 
Ag is Inert, (2) Combustrove is wila ha Аена { amount of 407. (3) The 
Combustor ow amel products cam loe modellid as ideel qaam. 


AvAysis: Conplele combuspien of the producer qas with Ha theoretical 
mout of air is described by ( based er 160 lbmol of gas) 


[ 28CH4 + 0.1 Code 4900, FILTH, 4 0.60, +23.2с0+55.80.7) + 24.8 [0243.1002] 
-> 3200, + 19.6 HO + 144.050 
The ем ру of сомо. ts 


hep = nehe = En Wi 


For combushon И Tis 77°F 253 7°, hz hy — Also, for O, Н, aud No , He 80. 
(4.5 


2 эг) E + м (Lf) leur 5.8 CR), - 04 (hp) — tsi). - 23.2 (0), 
With data due Table 4-256 
heg = 32(-164, 300) + 4:6(-104,540) - 3.8(-32,210) - 0,1 (- 36,420) 
- 4.8(- 164,200) - 23.2 (- 47,540) 
- 5415116 Bh / 100 level {uel 


-54152 Blu / ома aA ga 


n 


y 


PROBLEM 3. t5 4. 


KNOWN: ресе {мале react completely with ain. Theteactants and pro doc fa 
Ore reath ot 72.S9C, lat, 


Fred. De Fay nine + bo و مہا‎ hor bask ns ма ULAR Lo, Ca ) Cg Hig С), Ф ) н, (а), 


(c) CH30H (4) )ر‎ Ca Biol 4) ما ر‎ le J/k«r and ET/ko ‚ Compare with Table A-25 data. 
ASSUMP TIONS. C1) Co mious h'on es with the theorebhcal amount of arr. 


(2) МЛ» meoies of Ne ACL ow pany each moele of Оз tn the arr. (3) The Com. 


bustion агг and gasew* products of Combush'on Can be modeled as (deal Gases, 
The water formed on combuston òs a lrqued. 


ANALYSIS; Co) Co Hig(2). The reachon equah'on for Complete «ex boshi'on 
With he Theove e сл amount of ar r3 


Cg HiB + 12.50, 4474. —» FCO, + 4H&iO + 47 А 
The enthalpy of Combush'on af aye, [ајыл rS 


Wap = Spe, + 10D neto) = cy leg tie 


= Q(-343,S%0) + 4 (-29 5930) - (-244, 910) 2 7 5,470,720 KIT/Kmoi(Cg Hig). 
Accordingly 


HHV = 5,470,720 КЗ | kel (Ce Avg) te) 


HHV = 3,470,720 e3/ eve (Cerd) дт $ 46 KT 
NALL жа [ic Cc H8 — F4 (Cette ) 


This valen a Gane with XC Doa А-Фу tudy. 


сь) Ha lg). The react on equation IS 
н + 4.0, 41۰88 Me > Ho * 1 89 Ny 


The enthalpy of соо sh'o» ad 7759€, la tuan /£ 


Ac cordingly 


T 285,839 T/kmol CU) — сь) 


HY = 
UHV = 295,80. ,44 7241 KD 
2.016 Kg CHz) 


Tmas vertw ap once with tu. Tbr A-2$ LaF ч. 


б) CHsOH(2). The reacton equation г 


CHON + 5 ( 0243-76 Ne) Соу + 5.64 №, 
The entheipy of Combustion at 2396, latin C1 


me — о o 
hee * 2 Chie носе} A Ge, ovS йан (2) 
= 2 (-28v, 91€) 4 (-342, 310) - (-23¢e10 ) 2-7 26370 «3| moi (LH30H) 
A ceor ding ly 
HAV = 726,370 кэ /kmel CCH OH) ce) 


S nd 


HV = 726,370 = 22,664 kx 
22.037 а (с®зон) 


TLAS молла QA pan w iha А. Ti. А- 25 erty, 
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PROBLEM 13.54 CContd-) 


(d) Са Hio 69). The reachon equation rs 


Ca Hio + 6.7(0,+ 3.76 92) — 400, + SHLO(L) 424.44 Na 


The Qudhaipy of Combettion at FC) (latu. i 


Accor dA "als. 


-0 
hep 


i 


А (We Jess: + $ Сф) tote) -e)a Bio (4 ) 


a (- 143,720) 4 s(-rer, eso) = ( - 126,150) 
س‎ 2, 977, ©#ФО KT / Емо! (Ca Hio 


b mad 


HHV = 2,87), oto Ic | коо! C Ca Нео) (d) 


HHV = 2,877,080 да, 502 kT 
5$.12- єз (< Ho) 


“This veda. a- docs uoc da дч Toth A-S entry i 
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PROBLEM 13.55 
К Кю OWA ` А Wa tora jas at 25°C; гат has a welar analy srs 
(26.5% CHa. F 2/, C2 Но, 2.°/, Сз He, 32.3975 jut 
ered. De үл LAV and LHV at arc, lati, 


ASSUMPTION: OG) союш о»? ^^ is. with tre theore Weak awouvn t — 3.76 


voles Vo ACCOMP may each maole On ui ue awr. Mog inert. (2) The 
fuel 5 tow bo sh wa air , and Com bush m peo doc tt Cor le 
ida on 42 млм. tures. (3 ) The чэ a fay Sov veo d nr tombu! hna i a Vapor, 


AW AUTSIS; On Mv basis ^h | Ev " ha dore уез 


(о. оу CHa 0.ОВ CHG +0.02 C, H 8 + Q.02r Мә) + X (02+ 3.76 (72) ود‎ 
[Ee + س ہن ولاک‎ Ne 
C: 0o. y+ 209-08) 4 3(0.02) = (5, B= (ORS. 


н. alogos) + G (0.08) < COCR) Z2Y, FE 2.057 


— — 1 


L HV 


y 


© roi ш T my 
0.86 (cya ше 4 0.08 he) ue + oe] (eg = 1. oss Ge) cg, - 2.0700 носу) 


O. ver(-74, gu ]+ o.0 8 ( - ?4, 6 KC} + 0.02 1 03 ух] 
— 1.08) - 342, 50) ¬ 2.0ғ{-2.91, Pro) 


= Gea. eq. кч uiid 
(ced 





یا uuy Lua‏ ع س ر шг‏ مہ )مت اسا Tha‏ 


M = о. (e.04) + O.O£( 30.07) + 0.02 (44.04) + 0.035(2%.01) 


= 1814 
Tun 
Luvs 344,104 . 44,8 У аав 
18.14 
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PRo BLE M 1354 


Е how rd O peret data Ore Drov.ded for On insulated reactor wi wl.c lt Ce Hug (е) 
15 burned With 90% of theerehcef air. 

E0902 Determine tar tempera ture of +6 Orn) Hing product. 

SCHEMATIC P GIVEN DATA? 

———— Ó—— — Á—ÁÀ———— A————————————À 


Cg iple) 






2$?€, i atm f CO, , со, i20, о, ў 
2 Тр=? 

Ro Yo tree, 

air 


ASSUMPTIONS! (0) The contol Veluwe Shean ra the figure s at steady s tate, 
(2) К ting Cor trol Ve lume Oey = Wev =o aud Eco hc / o «hal Cres y effects CAA 


be iq nefe d. (3) The idesi Gar nedel ıs applicable to te CGemboshon arr PET 


ths pro d» ст. (€) SAG: moles г} mert Àj, accompany each Vote сф Oz га 
the Сил oS hon air. Му inert: 


AVAL с ? Thea balanced reach on eo va hon fo CE ug? le fe. ComBuchon tw fly tae 
S a ` f 
theese hec avout of ain is 


Cg Hg + 12.5 Co, c3.76 02 ] > 500, t+ THO + 47 0 
Fv cembuhon uita 906976 of {vase herd arr 


Calter M20, + 42.26, A> 5.9 CO, + 2.500 + айо + 42.3 Nz 


An e morg y го іе УТЕ ТЕЗ fe dc eg fo read Ир = hg > их, ta We hy th, TG 
(сес Tv forn 


- —6 
5s [ho Асе, е ashy Reo +a Chf ta Jaro € 423 LAR к, = Је несе) 


Or 


&slaklo, + as (Allee + AAi t 42.2501, 7 he ls Higie) — she leo, -2:5 Carla 
г e 


а Az Ja, о 
wita data fen Ha (dae? gas tables 


[-244,4 10] ~ 9 5\-3%3, 520] 2.5 [~10 $32 [ - 9 [- 241,820] 


ti 


4,367, i557 KT | pmol (Feat) 


G) “The Above €x рле сре on (^ — у vo Ё ол — yest Uva. Чал шыл: Tp. Solvu ing 
iwah vey using table T ZZZB8G KX 


Discussion. a Example з.а, fov He Case of co ng le fe Со m bogfh on with tho doe, e hi cad 
O ooi d air Tp = £395 у ом fm cA ceaborhea w; fA 400%, Haore hek 
ûr D 462. К. Accor dang la, ew accordance with 1e берәр өн oh To. Chega 4b 

Cee 13.3 









Campiete Qowbutchon with thee, arr 









МАХ. 
Еги She 
200 Zoo doo {oo 
Yo “Theere heat Air 
|. ttevation using Зире data cau be avoided by using IT. 
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PROBLEM 13.574} 


KNowWA: Fuel at 25°C lalm enters a reactor amd burns свулр letek with 
х percent excess air entering at 25°C, la. 


END. Plot the adtababic Hame temperature vevsus X Фог Са) €, cb) ik ر‎ vd 
cc) Cath, (£). 


SCHEMATIC È GIVEN DATA: 





fue M i Л, 
— % al Prodects at R 
l AZ 
2 2 
excess. ‘A 
лу 


ASSUMPTIONS: LU) For the contre! Volume Shown ‘nthe accompanying Fig ore 
Qey = Wey 20 ond the e Heets of кее and potential energy are nes l3: ble, 
(һм) 3716 molet of № accompany each mole of Oa in the ar. Ners inert. (2) 
The (dea! 441 model is appl: able (o the cow Ьо: ом arn and pro ducts. 


ANALYSIS To find the adiabatic flame temperature, use Eq. 13.2la. 
P R 


(1) 
When using Ur, the euthalpies ave evaluated divecty od We respectwe valet 
and exc Fewporalaures. Wher uso talde data, ©. навр the form 
© Nel berdh), E Zvw Chi +4). 
2 no . CAW. Т 5м h (2) 
Z nga Wie Qu кю he. ее fe 


(ау Fuel 15 ©: For complete combus how wil x percent excess air | 


C * (1+ Koo) 0.+3.16W, ] > 00, (M%oo)0, + (+ %\оУ@Злё No 
Replying €. C22 with Ahi =O wd =О fec O, ax A Nu ande. | 
L hoot T; = 0,0961] ( Moo) L Ro tTa) -ko 1228] + (14 ioo) Ge) (Tr, Crs) - (zw) 
E 206 2 2. 


For %=100% 3 we cam Solve iterativ aly using table data fo get T, = /SOb6 К. 


(b) Euel is Ho. H+ $(t+%e0)(0,¢ $2094] ц.о Z 6, + 4 CU- XAopY (3.16) №. 


Chera- hos] ud GEM heg West), + LC Xo) 3.76) ту - Мая | " 
> AMD, (9) 
Fer X=100% , we get T3 2147 К 








б Fuel is Cathal2): CgH,g + 12.5( + ЖУ@,+эдь Pa] > 8 Co +9. о + دا‎ 0, * 25 (1+ AS 6N 2 
| Е = SXT O. т 
B — 8B —VXV کن‎ (CR) (24% Y AN + T [ Acts)- (э) J 


*12:5 (i + лб) [ UCT; = UGasY) N v Che joe Ue (2) € Racon É Chg ) 920 (4) 


Solving for K=100°%o 4 Т, 21507. 
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PROBLEM 12,51 (Ceutd.) 


The data for the required plots але. ороло using (T, as folleus. 


IT Code 


T = 25 + 273.15 HK 
х= 1 
PCT = х * 100 


Part (a) 
= - hCO2_3 - x * hO2_3 - (1+х) * 3.76 * hN2 3 
hCO2_3=h_T("CO2",Tp) 
hO2_3 = h T("O2", Tp) 
hN2 3 2h T("N2", Тр) 


Result for x = 100%: Tp = 1507 K 


Part (b) 
= - hH2O. 3 - (х/2) * hO2, 3 - ((1+х) / 2) * 3.76 * hN2, 3 
hH20 3 =h_T("H20",Tp) 
hO2 3-h Т("О2",Тр) 
hN2 3 =h_T("N2",Tp) 


Result for x = 100%: Tp = 1647 К part (b) 


Part (c) 
0 = hC8H18 1-8*hCO2 3-9 * hH20 3-125 * x * hO2 3- 12.5 * (19x) * 3.76 * hN2 3 
hC8H18 1 = -249910 // Table A-25 
hCO2_3 = h_T('CO2", Tp) | 
.hH20 З = h_T("H20",Tp) 
hO2_3 = h_T("O2", Tp) 
hN2 32h T('N2",Tp) 


Result for x = 100%: Tp = 1507 К part(c) 
PLOTS *. 


2000 


1500 


Тз (К) 


1000 


—x— Carbon (C) 
500 —— Нә 


um СгНзз (£ ) 





0 50 100 150 200 250 300 350 400 450 500 


96 excess air 


the excess aw leads te wove О, aud Na in Мо products, Hereby lowerire the 
adials ati. flame feunerotuye, as expected . d j 1 5 
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PREOGLEM 13.58 
Known: CoHg(q) et 2$9€late euters an tnrulated reactor o burno 
сә mph a l- with. arr ем TING at 25°С, late: 
Fiwd? Plot +t adu юл Һе fea une {e up era tire ме yu Ts yarei +a o re lh e 
ا ا ا‎ fa, 100 t 400% 


SCS MxTieS СИМ DATA: 








C3 Hg G) 
25°С, latu. 


Dreess hir 





ASSUMPTIONS. Cr) The cento! voly we Slee ہیں‎ Y^ Hae Ag ua re at S Had, 
sate. (2) Fy the ceu bol liwe Wevtd, Gey and Ki matte | poten f od 
Evara «t Gre i a d (?2) Cow bos i v а Cere aa а, 3.7G ves leo 

Ma. e c ow en rack ole O4. w مط‎ air Kaw inert. Thea 
„льос Кем ал and Combushm ро їо сћ Carn Caci, be صا‎ Я ДҸ ао ‚фә 
945 Vary tures 





ANALYSIS; Complete Combus Nom A Carts, with the аге IN Cal o veut d ave to Usser: bed hy 
C3Hg + 5[0, + 3.769] ج‎ 3 COR + 4 њо (5 К\з.) Mr 


Fy и Rwa, Ke there A مہ‎ a молой 1 € vn 


Bn N 
Сув Sulo +376 Ра] 300, + 4420 + S(H-1) 03 + (8. = 

k^ onan ot pods مسملہ طم‎ дерә مف‎ ш ife Listed eM U mp h лла t Asad 

o = (Ke) gg - 8 Tron dels АС est] gem ادس‎ dor ГЫ б) 

3 "$ 

d i Тоат) hlar] 

0 = (Rp aug = oL T+ Са) hOB) les, - & x KC) - н.о 

Бо КС) he), — ie BCR) — (24) Ји, 

Orr 


уве Us) = Се) сне - BLDG TEO eo 
- «ve -h addo + 
SQ) KOA) 418. $0 hyp, 14) 


3 he (tT) = 4 uso Ts ) + CO) bog 


Ly HR ida Ao hel data ond Kila leu T À-25 


Shoo, Ch )4 Аы, UR] + *(»-) ho 5) + 18-8n hy, Un ) = 7-103, $50 —3 [7243 Ses - ۹364 ) 


- &(-241 0 - 440%) — 
ctu- ($682) - 19и G C67 ) 


3h оъ) + 4k Ho CT] + 0-1) Wo, UR) + 18. WAY Us)» 2,0, 648 + 48,410 ^71) 62,817 


SampeCalealotion. Using Tau A- 03 data fr Ила caor N=1.2, we get "Ta = ISK. 
The data foc tre vequuved plot ave обали ed using UT, as follows : 
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PROBLEM 13.58 ССом{ 4.) 


IT Code 





п = 120 // % theoretical air 


0 = һо C3H8 - 3 * hCO2_3 - 4 * hH2O 3 - 5*(n/100 - 1) * hO2 3 - 18.8 * n/100 * hN2 3 
hfo C3H8 = -103850 // Table A-25 


hCO2_3 = h T("CO2", T3) 
hH20_3 = h_T("H20",T3) 
("О2",Т3) 
("N2",T3) 


ho2 3-h T 
hN2 3-h T 


IT Result for n = 12096 


Тз = 2124 К 
PLOT: 


2500 


2000 


1500 


Ts (K) 


1000 


500 


100 


The excess Gir leads to more 0, ал No iu Ma 


200 300 


% theoretical air 


adiabatic fame lewperokure. , as expected. 
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400 


products, Herel lowering Ne 


PreogLEtA 13.59 


KNO К J 
KNOWN Ha. at 77°F, latm enters an insulated Yeacter and burns Completely with x % 
a = | | 
of theoretical arr entering at 77°F, latm 


FIND: P lot the e. cL. bathe flame tem 
S perature. for x rangin Fr ds 
SCHEMATIC Ў GIVEN DATA: ЭУ 





ISSA UA РА 
77°F, lain А К, 
Products , 7; 
X 9 teo, 
air 7! 
77°F, latm — — — 


ASSUMPTIONS: Cl) The contol vetu 
и зА , nur y 
Steady state with Qus Wee е — the accompanying Figure operates at 
n ew: Wey tO and negligi ble е fleets of kíane^t aud petendal energy 
2) 3. ae >i №, Accompany each male of O inthe air. Nee inert. (3) The 
— Q s and Com bus hin products can be modeled aS /deal gases 
ALTSIS: Complete combushon of H | 
2 with the theoretcal м : ў 
descr: bed va " ere DOM 
H + O.YO, - 088 N, —» HO + 1.88 NL 
Complete combustion with ¥ percent of the theoretical amount sfair ге thes 
Н + 0.6х б, + 1.88x« № = H20 + 0.5(x-)0, + 1. 88x М, 


No ire а 

X Vid aji : 04 +1-88x he.) - ( бн + OT (x=) ho, + l- 88x Me), 
Wik Re We4 Dh jand woking that Крео for H2,O,,and Ma, dhis becomes 

Os С +) ат) + oso Lem KOS] o, а овех DO) з), 
With dato frou, the dae! g 4e tables s 


о> [-104,040 + hy oth ) - 4258 ] + o.s(x-0Û vn) ~ 3726.1] «88 Pa, US) - 2726.77 


or 
Мав) + OO) ho, (2) + 198r hu, US) = 108248 + (к-у(1862. 5) + x (7011.46) (1) 


Qa verha Colco Asche: Grid data dv wr Tee ^-23 de 4 were *=1, — 
Qa T3 x 296S°R 


с. data doe Hae required plot ave оюіоллле 4 ucine IT, as follows: 


PLOT: 5000 





ІТ Code 
х= 200 // % theoretical air 
4000 
0 = ҺН20 3 + 0.5 * (х/100 - 1) * hO2 3 
+ 1.88 * x/100 * hN2 3 НЕ 
hH20_3 = h_T("H20",T3) = 
hO2_3 = h Т("О2",Т3) © 
hN2_3 = h_T("N2",T3) < 2000 
H- 
IT Result for x = 200% 
Т»= 2964 °R 1009 
0 
100 200 300 400 


% theoretical air 


The excess aw leads to more o and Na in the products, Huel lowering We 
tud cub adc awe. temperature ر‎ aS expected , 
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PROBLEM 13:62 


KNOWN: CHa at 25°С, latm enters an fnrulated Yeactor and burnt compile tely with 
X 0/0 of theorel cal arr entering at 2F°C; latm. 

EIND: Plot the «Чер» е Flame temperature for x ranging From 108 to 400 % 

SCHEMATIC F GIVEN DATA: 


1264 и 


CHa 
25°, lajm 






X%o 
theadir — — N — 
ape AA PY) ر‎ 

ASSUMPTIONS. U) “The contro! Volume Shown in the accompanying gure 
Operates ot Steady state worth Dey = Wey =O and neg lr gible effects of bínefic 
— pro €wergy. (1) 3-76 oles of M, Accompany each wole of Os i4 +he 
air. Ma is мего: (з) The сом bosh'o^ arr and com both'on produc +з Can be 
modeled as ideal gases. 

АюА тг SIS: Complete com Ьозћом of CHa with the theorehical amount of 
aw fS 2): Уёи by Eq. 13. 4, Complete Com buthon Garth у y^ of the theoretical 


Amount of air ig +hen 
Cus + OX O, + 7.52 «X M, — > Со, + 24,0 + 2(x-1)0, + 7.32 ух M, 
An energy rate balance at Steady state reduces +o 
а о ù 0 — м, ~ —— 5 — 
О = 26 _ * Teas), + (2x ho, t S2x hi4), - ( h co, + Rhu + L-I) ho, 4+ 7.52¥ he J, 
ad cry 


Е — “oe ~ 2 TO 
Wik We We t+ Oh J) and моћи tad he со fr O, and №. this be Cowes 





Oz che big +С о) [Er ah (%)- nan) co, velh th(T>)-h (240) | Hp + 
2G) LR- + 7.52 x Ё К(в)-% ояр] м, | 


or 
he) + 2 асв) + zc) ho UI) «72x ky, (3) = AN - uy -W(R)] со, 


- 1016 - к Oan] mo + 
2 Ск-0) (248) «Sax DC ) 


wi dato {е we. “Т.А, Row A- 23, А-У 


co, UR) 42h Fro C5) T 2(x-t) he, (а; ) e 7:52 hk Ne (7 ) = -74, Уо ~ (3493, 
э. (2241920 - 4,404 ) + 


200-y[$e92] ^7:x2x (664 ) 


$20-9,364 ) ~ 


> 921,*$,4172064 0-4) + 6519! x 


алда Ce Ce ойум! when x7 *, hw 1481 К 
The data for Ma vequrred plot are ole ung IT as Follows : 
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PROBLEM 13.40 (Could Y 


PLOT ` 


IT Code 


Т1 = 25 + 273.15 //K 
х = 200 // % theoretical air 


О = hCH4 1 -(hCO2 3 + 2 * hH2O 3 + 2 * (х/100 - 1) *hO2_3 + 7.52 * х/100 * hN2_3) 
hCH4_1 = һ Т("СНА",Т1) 

ПСО2 3 = һ Т("СО2",Т3) 

hH20_3 = һ Т("Н20",Т3) 

ho2 3 = һ Т("О2",Т3) 

hN2 3 = h_T("N2",T3) 


IT Results for x = 200% 
Тз = 1481 К 


2500 


2000 


1500 


Тз (К) 


1000 


500 


100 200 300 400 


% theoretical air 


The excess air lead to more 0, and Nz in the products ‚ thereby lowering the 
odrabatic flame temperature , as expected. 
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PROBLEM 13.01 
known: СНА at 2st, lahw enters an insulated reactor operating at Steady State 
and burno with the thesfetical Anweunt 4 air entering at 25°, latm. The 
Prodwetr | Wine contain С02 CÔ , H20, Or) and Me, exit at 22 60k. 

PD. Dedternsne tv" frachons of the enteri n9 Carbon that bourn to Со», 


SCHEMATIC ع‎ GIVEN DATA: 


co, 







} | t 
CH4 | 
rst, late — 7 Prodects, Tp = 260K 
theo.air £ 


ASSUMPTIONS The Contre! Volume thewn in the ассо mp anying frisure operates at 
Steady shte with бү zWey SO and negligible effect of kr«ekc and polenta! ене узу). 
(2) ombusthton FS with the theore P C&N awmouny of air. 3.76 moles of Va 
Accom pany each mele of Oe inthe arr. Ne ts inert. (3) The combushon air 
ond Соу ооох prodocts Can be modeled as ideal gases. 


AWALYSIS: Ths макс hes 2guatom takes de Tore 
CH4 + 20, + FSLN, > «CO, + (1-х) СО + 2Н20+ (1-0) 0, + %.52 M. 
A+ shady cate, On — | rots balance co, T Asad 
(LO р; E — 5 T 
D p a (Бен, + ELM 
n hmo + CE) ho, + FAM |S 
itn М = K4 +48 ) and ww hng tot he О fer O, and Pa 
otto, — 70 Y 
О = ан + Lo] - х С а], - 0-5 he +Ohleo - 2L he toh] Hzo 
= (хат), = т.5046). 


ludata fu. The A-23,25 


— 6669 
0 = ( 741950) ¥ -393,S20 + (116,594 - 43% )]- enl 10530 + (74 882 д 
-2 [-231, 2204 (aeo - 444 Y | - (¥) [7776 | = £682) - t 52| 7420 — 66 7 
or 20-185, 635| - (69011) - 442,244 
"Ceo x [asas] - altan - 2 E785 OA ре" 
© *(- 14 830) -(- 44500 -26155 635) — — 442,4 44 ~ X (- 280 290 +44 31% - є4 279 


«+ С 714,850) + 4431 + +2(155,35) ~ 61,0472 - 442,144 


(-286,290 + 44,317 ~69,0994/2 ) 


. 2465351 20.942. => 4.2%. of carbon to CO. —ñ— —— 
-246, 523 10.3% of carbon to CO 
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PROBLEM 13.62. 


KDOWN: Сз He (4) ot 779F, lahm enters an insulated reactor and burns comple {2 ly 
with Gir eater ın; ot 77°F, latm. 

FuoD: Мааа Ha percent Atraore heat ain af родос жм, f ao Ca) П40?®Е, 
Ce) 224.0%. 





SCHEMATIC ? GIVEN DATA! 








VV a an 
Све (4) / 3 
77°F, late Praducts ot T 
Air 
“77 OF; lat z! 





IITTI 

ASSUMPTIONS: (1) The control votume shown in the acco w pany VAS fisure 
Operates at stead State wrt Dey = Wey =O and и е9 1—4: tle effects of ker ehe. 
and polenk ol energy, (2) Complete cow both on occorsí3)3-76 meles of Na 

AC COMDAN eath wole of On ги the arr. Na гу inert. (4) The сомо том arn 
and cowmboshon product? can be wodeled as deal gares. 

Аю АС: Cow ple te Com boston of С: Не with the dos ore ed auount (4 
aw is) descr bed he 


Cattg 4$ (0.4276 Mr) > ЗСО, + 4H, 6 + (8.8 ^. | 
Complete Combush on with X Hmes the theorehcel amount 4} aiv as described by 
Ci tg я Sx (0, 3.96 №) — 360,4 4HO+ S(«4)0, + IB Bx BY 
A fete bal Ё ^ re duces td 
^ energy ate alance af fhe da sta fc. 


SE AÉ | = Ld * Chero), + ( 5kho, + 18.9 hw, ), – (Bhen + 4 yos Sx o, +18.% | м), 
WIL R= TR 4 4, and vous thet hf =0 for Or and Me 
oe (he De, ug + (9 7 aL hee RCT) — 00527) Ј со — ФС € WOT ~ 40537) Јы о 

— Slr- ND mM- w537) Jo, ~ (6.84 (Kk CTY- (s39 Ju, 


Accor dins! | 
) Сконе -ILER RES Jeo, -4 АСТ ) -Ù 060] nao +S [ECT -hOMJo, 
xz 


SLUT) - 8037)]o, + (8.80 5C T) -5037)] s. 
Ca) T= (600 oR (W4o°F ) , Ur if d o t. "Cro. ak 442020 9а te bles Gud Totte А- 257 


-44 680 - 3 J — 169,300 + 15224 - 4028} - 4 [ 7104040 + 13494- 4258] + ak l$22-32725) 

















-—- 


sCu8s3- 32298) +18.8 [11410 - 37307 


- 4.58 ( 459 72 of Hao, e eir) 


(ey T= 220o9R( т240°Р) 


~ 44,630 - 3 [~169,300+ 36,581 - 4028 ] -4[-104,040* 24957- Ч258] + S (2), 183 - 2725 )) 
5 (21, 183-3735.) 418.8 (20,246 - 3730 ) 


= 2.2. (2029/0) teore Hee aw ) | 
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PROBLEM 13.63 





KN OWN: C Ha4o0n(£) at 25°C, la tw Rauter: an insulated reactor operat ng a 
Steady shee and burma Cu le tly со Th Qin entering oct (оос, lath . 
TS». iao com hush M product exit € (256 °C | q е ہیس ھا‎ re The pevc ent 
EKS! arr феі. 
CH on (2) 
25°C, late 
) Pao docti at 12$ GC, la hu 
Ew | сак) 
\ бо©е, la М رر‎ a a 
ASSUMPTIONS: 


Q) The Con Yol Volume Sham wa tthe hq бла 
Q) Pr Gu = О, Wert О р Ham [лае Je ch at ens 


2 can loe | d. C20 Cow b us hor. = Cervo as - 3-26 heton 4 No dd 
e.c 


A СА — 4 Олы +. Cawbus Nm 41 Ne 6 mert. (4) Tue Cow Suchen 

v and Sth, cM co. foe veo ا‎ a al مه‎ da ges салото, 

ANS A UT SUC: Co wba cow bu: hoo 4 CH40H With xv toreh ae nne شە‎ 7 Ау 
о сес, Бе bu 


iS at Sea dy 8 she . 


сезон + 2. (0,4 3.760) — Cort RHO + (E Үз») Ma 
Co ry Rahn Cow bush os wit X hwan Hoe оре o? A Maunt Nn ain tà 


EE ик an xn ^e balan ots to read 
Oz CONI ла з АМ], + сь [27] - | rua) co, + 4 (hta) н.о "P 
2(v-1)(Ab)o, + $4«x(4 Dow 


whore E) 0. ah Mine =0 ола vet Ium. тиз А 
е (He) pue +2 x (W373) -1 648] о, + $. (3737 баз) | Ma. = i hga h (1824) - Klss], 
=o i Ke + T(1524) — (248) ав سے‎ 2(¥- 1) ie (1524 } MA Qa] (7 ку RUS) - Let 


v= CON \ 


- TK h(n -h 92) Jeo - 2114 + )ما‎ a) Gn | њо — 5х os ка 


+ 5.6¢¥ [ 5 (1247) SN (373) Jy, -t 5 (u (SA) -TO49)] o 
Solving for x 


(We feet = L Ha Rue (248) leo, - 211 he Ts) = — 43 2n (524) - 040) ga, 














а RLA) (27J, 2 (has) 2 0273) Јо. 


-23&.#10- [+343 520+ pens 4364) - -2[~241, 8204 54365 - 04] + м 3 [Фугз - zege] 
S640 HO 10591] + a LS? - 108117 











= 2.0 (1009 xas» a'r) ص‎ 
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Peesrem 13.64 


ENOWN `, S tend, shta operahng date are Provi dod Ly th. Com h ortor rf) o 
Gas tur bine power plat, 

FIND: Plot {he percent txeoss aim vertus the cou but h' mn pre tve t Heumera tire 
for 140 ST < 1800 °F. 


SCHEMATIC $ GIVEN. DATA: 











с 41 A 
а кім g Сото hon 
| С «t T 
A 
L^ 
Air | lA 
тъ: 400°F و چ چچ چ ر‎ SS z 


ASSUMPTIONS: The comtrol volume Shown tn +he Accompanying Ss ure operates 
at Steady State Wirth Qc, sWe О and negligible effects of kine fre and 
үле енен, (2) Com plek Com bu sho witty excess air occurs. (3). 1:76 


wo (ез of Mi accompany tath wele o f O2. in Ке ai. ^2, i$ inert. (4) The 
Сом Ьо m onr and сом bughou product Can be modeled as 
A dea Gees. 


AMALY Sis: Complete combs shion of Cue wrth eCxcess arr es described bs 


CHq 4 2¥ (01 43726) — Со, + LHO 4 20)0, + T. 52 ^ 
for combushion wrth the d^aoretrcel amounto farir, xal. 
An емеға ч fate balance at Steady fim е reduces te 


N м 9 == ~ ~~, — =. ~ -~ 
O: © D P — —— = ( ho +2 Кио + 2(x-t) ho 4773 A ), 
4 chy 
With е Sh p and nohng taut hf =0 for Or aud Ba, this be comes 
О = ene + ax [ h(Géo)- Сз] six CR (865) -h СУЛ], — (htk CT EO eg, 
-2 (+ F(7) 1 0597) Juo - 20ке) [Fk CT) RESIN] ~z sex (LET) ~ ior), 
= беу, - Са Ст) -AGN dy, - 2 (DEAT CT) -ROM ero -axl R Ст IREN, 
+2 [RCT Jha - ana lb T ү (860)] 
Lu офисе da te سس‎ Аа 4 tout Sta bles aud т.424, A-72-55 aud solving for A 
Ce. = Ube + Ст) T Gn) co, = ®САр + WT) -WON 2 (T= Сз) Јо 














— Mm — — 


EET- 90860), 510 hr) — (Beh 


— 











(-32)210 )- (ı4, зоо a w(t) - 4028 leo, с 2 [- to 4, ово Ttt) -4118]+2. СА0)-272)а 


ICR- 60415, 4 7. X1 C WC - 5946 Jw, 





— hee (T)-2 (т) + 2 по, lT) + 359264 
2 He) Am, Ст) — 57077 


Sample Caleala him: T= IBEO °R (IV FN): 


х= 











~4113 Z 2 (10022) + 2 (13987) +350, 264 „ 4,567 ( 53 axes ar) 











X= 
2($481) 7.513427) —5704 4 
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PROBLEM 13.64 (Conf4.) 


The data for he required plot are obtained using IT, as fe lows : 


IT Code 


Т1 277 //°Е 
Т2 = 400 // °Е 
Т = 1400 // °F 


0 = hCH4. 1 + 2 *x*(hO2_2 + 3.76 * hN2 2)- 
(hCO2. 3 + 2 * hH2O 3 + 2*(x - 1)*hO2, 3 + 7.52*x*hN2, 3) 
hCH4 1 = h_T("CH4",T1) 


Ld — 


ПО2 2 = h Т("О2",Т2) 
hN2 2 = h T("N2",T2) 

hCO2 3-h T("CO2",T) 
hH20 3 = h T("H20",T) 


ПО2 З= Һ T(O2",T) 
hN2 З= h_T("N2",T) 
PCTexcess = (х - 1) * 100 
IT Results for T = 1400°F 


96 Excess = 354.7% 


PLOT: 

400 

300 
< 
МА 

Ф 200 
Į 
Ш 
5 

100 

0 

1400 1500 1600 1700 1800 


T CF) 


Notice hak excess aw leads do a decrease ил We temperature of The 
Combustim products, as expected. 
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PROBLEM 13.657 


KNOWN: Opera inq date are pro v, de d fe a Simple 945 for bine opera haj; at 
Steady < te. Сз Hig burns Qo vp ey in the Combushon Chamber 

лг? For a fuet conSumphon fate 4, 1.7 lomo! | h ә determine (a) Th Percent of theoreh cat 
air ر‎ Co) the power developed ,w lp, | 

SCHEMATIC £ GIVEN DATA: 





Np 257 lbmolh 
C3 Hg ct 77°F, 40 lb f /; 4 - 





P= АО o 
iw С T3 = i£oo KR. 4 P, д 4olof/,,2 










© 
Co,^Weoshoa chem bhen 


Compre SS O7 tocb.x e 


Waet = 
Ур. = @3,3%, Ne=10% 
O Arr, e Ра = late 


72 ^E, la tum 


ASSUMPTIONS > (i) Contre! Votumes бис Sing VAFIOUS ср £wpcaeats у as requ.ved J are ot 
Stendy & FX. 02) Tha Copt зо, turbine, and се олоро б ол chamber are adiabeahc., 
(зу Te fuel, amy and combeshon products ove wedeled as daah Gaser. (4) Cahit aud 
po^ hod € ay ejfect1 are nes legible. СХ) 3.70 tes of inert Ne accompany Car 
vole 1 О, in f^ Gombeshon ain. (6) Cow boshon гу complete, 

Аюб (а) еә ^ dense the muihpic ef tae thaere had awovut 4 1r, pese 


batleuced reechen е4 sation reads 


Co Hg + Sn [Oat 3.76 №] — 3 C0, + ФНО + SCn-1)0g + (8.8 My с!) 
An energy cate balance {бу the Combet hen Clete vendi hp-hg e Solving 
AC s den н but T3 15 aro Je беа, use the Yivln Compressor eptfeentys 
No > CK = as -hı Kha, nu) ‚ To determina Tas у Cenc; der an ssent pire Cempressi on 
of tre assumed air "x Fare Qo 190°, D, {Аһ © as, 40lbffin® Thr, 
c А —© ( \ B du р 73 
FEMMES Р — = р, | S yum Жы us са 
Os S-S; = 4 еу бту Be р зе з» сы Юз Р, 
А <4 Z dah 
» So Chu] E 3.76 Sy. (7 + 4.76 р, 


S (las) + 3.76 5 (Tas) = о | | і 40 
С = 48984 + 3 7elL4S er) t € 7e Ye) t 147 


- 230 BH/1b-°R 
Solving i bebes, Tas= ZOS К» Accordingly, E. 
43.76. (hr, C9) — he S3) 


QO 


s as баг! orc АРСАК Г, 
hah) = bash, f ( We, UT03 ) ~ hol ) 


— 0.532 
&, | 4) 6970 Bh- 
_ | | оро — S 661 — 
0.€33 ote) 


Then, with Wa-hys 6440,07 
= TED Lute = dere 
ay ho, Un) — ho Ut ) ] + 376| hy, Cia) Wei Ц 


А i . ae o's P 
2 3.960760) = 24907 Bh 
Мо, Tr) + 176 Мр. 0%) = pare Seem | (out (Oz ) 





T eR, 

(2) "Sole fov NL | l4. x740 R 

| — — C) — 
— — v o — = L Ob 

we Ар йа and Sing h=hg + 


Re turmang + А еме cs у ve te balan ЖЕ 
: -—O I è + 8.8120] 
= [кү] Ca Hg y Би] Аһ], №. 


. PET s(n) (Abo, + 8.84 [Ate 
aL ^y + Ah Jeo, = + np + Jit o + stu) [Abd o, + (8.3 L Je, 


“Then toi ta date Ae puncte — VAS tables and т А -25 
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PROBLEM 3-05 асте РР ) 


3[ ья, зоо «(16392-40201 ) + 4-4, o40 + ( 15433-42581] 4. €(-) (13486 - 3727] 4 18.84 (12956 - 37397] 


— 
— 


-44,680 + Хи | S167- 3725] t I$. sn 5144. - 373° | 
о ر‎ м: 4.46 =) 446 yf ef Theo re hcat ar. 


(b) The ret power de vetuped is tt LẸ 


A  — —— — — (a) 
e uc, ре huren qoe. tur (оил ро wer 
Ook nut ond the Corpo stor power taput . To Find ft tur bins output 
vel Y We 2 
Mp: Ман x we ہے‎ ме (8) (2) 
We | igaet )s N gue! pss 
Accordingly, Ccoasids mex an хей Һр гс ем айз, вл _ of the Combos огл 
prodech AY Om ( 1800°R ر‎ 4o lbf fin?) + Сш, late) § 33-S4as =O, That te 
— سس‎ (D ر‎ .—0D —C E iw £0 | 
И ЖООГО Eo. p 0. AT. co, + #[% С8до)- 5 Стас) —R& mad +- 
T. Y «o6 = 40 
| —0ф,. оу ра «co | : aC S Boo) — 5 (Ta) Е R Dn +. = ju 
17.3 S (ва) - s (Tas )- P fn tulo, + 53540 14.7 г- 
Or, OW кке tin S GS 
س‎ fam | TÒ : ت‎ , : — 
2 S (Ts) + 4 Sao CT) 41703 Sy, Cx) + 83.808 S, Ca.) 
= 3 So, иво) + 4 Se (1800) 4 UL 3S CiBoc) + @ 3 59D WL - 108 48 RA E 


з (64.242) 4 (55.594 ) 4173 (59.55) + 83.6 (S4 972) — 25 
= $773.6 Br 
losing i OR | 
(2) = Таса 14000, The power thar would be developed у per pole of fue | 
i Con tym d, fhn an сел Һорс ёжрам?і an to thon 


Е | = x [ воо) – h (i400) | co, Є 4 [ (Воо) - b (i400) ju, o "E mat 5 (4800) - T Cidoe) Jo, 
Чие jg + 83.548 [T Ово - 5 C09) y 
2. 
= 3 [08392-13347] + 4[ 1547? - i2 1 + (7.3(13 4$6— 102401 + 93.54 £124 € – 7997] 
ёта (Ж!) 
Eg. (2) Jato 





njue 


M 


We bz 6.4 (343,529 J= 304.1 Kiss 
- 0, z ay 
( ) ; Lore (fret) 


Fr phe Qe myne м 


| | E ЄТ Sh 
We „ s Rea) = Eao (CXE) = 19597? i 
fuel ( oet Gua 





Pe, tre vat power output o 








a Wt _ We 
— ed | bp (5) 
B ha — qd 
hM 





v Bai noring the Slight differenes hehween Fha comburt ion arr modet ex ra 
air of TotReA-22,) Teta A-22 dain Co ба. used to analyze the Com Афон. Thus) 
fw ажолеула Pras = (Фр, Pai = (40/4 2 (08) = 3.539 29 Tae = FOSPR. 


2. Ди itevatve Solution using table data cam be avoided by using UT. 
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PROBLEM 13.66 


Known: А wixlare of Gaseous Celt, aud 200%, of Heoretical a, tnitially ot as, 

lam, vents completely in a rigid vessel. 

FIND: @ If the vessel is well-insubated , determine the temperature aud pressure. 
of ha Combustion products. Cl) LE the combustion products are cooled 
— dele ie. re Qual pressure ad the hoot trom збег per wel 
ô , 


SC ATIC GVEA DATA: 
(а) QASO; T2227, 7,27 
OY actes = ^ Ql. = [ 


Cette lg) 


200°, theo.awr | 


25*c, Vah 





iwi tial Lineal 
ASSUMPTIONS: CI). For the closed system showm , Ca) Q=0 Ы) T4 7,, ond. WEO. Thor 
Gre wo etteets of hinete or potential energy. czy Combustion is complete. СЗ) 3.16 ої 
of Na Accomp each lae جه‎ 01, gud {ha nioge ts het AS) The initial 
fuel- air мі е amd a gaseous products & combustion сал, he modeled as 
id eod gas MA x HANES . 


AAJ MAY SS : (4) ASsuming A kma of Grok initially preset the reacttm is described by 
Cgtig + 25 (O,t3- 160.) > ECOLT4 H,O412 502, +4402. (0) 
o о о o 
‘fhe емел M bo-lance. yeduces Lo KU EE. + APE = у => AU =0. Thus 
0 = (6 божа Ayo + 12.5 io, 4-44 Uu.) -C ешь 25 00,+44 Uy 9 

WM u 7 h- €T JW becomes 

© =(8 hen t Th tent 125 Wo, Wy, , 7 (Каена 25 o 44и Bo (9+4+12.5+44)8Т, 

"nm _ +(1+25+94)ЕТ, 

hatredusctng kh = ко +A , AnA hong hok We =o fec Ò 60 Na 

o = 8 (T; shen) Коль} + TETE + ter) ~ — 12.5 | Кста ossi], 

rqa Í her) -haa ei Ч седа (ау R [125.5 т, - 1207,1 

With data from Tables A-23 дла A-25 


8 ha + 4 hy Ta) + 12-3 hata) $94 hy стгу- (123.5 (9.84) T, = C 8Y(- 343,820 - 9364) 
% 
~4 (--2.4\ 620 ~ 4404) +12.5 (8687) + 94( 2069) - 208,450 -(120)( 8.314) C 248) 











= 5,906 2.40 
R Я Я Со) Т, 
(D Solving eray ely fer Ta, Tz 1$ 59 К. E a I2 
Us Aq the (deal gas eauatum ef state 
RV EWRT, f... Te Wz Tz 123.5\/1859 
Раме л. ВТ) FR WM T эт = n T (a f 854) ci abe] 


= 6.42 aby a—— (ھ‎ fa. 
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PROBLEM 13.64 (Cmfd.) 


(b) The reaction is described by . L0), For | kmof ef huel , the products Covi 024A. 
q kmol ef њо and V da = (4.5 Wwe QJ err the products coe | to 2592, 
Condeusation occurs. Thus, i$ ny is the amowt of waker vapor aul ng Ya 
amuruk of saturated liquid water atthe final state 

` Nyt Mg = 4 kso, 


Fula | М е. parkal qressure of His waker Vapor LS 


y= ROSC) = 0.03164 bar = ( ny р. (2) 


10d. S FA yv 
Both р. ал м, are . Another velakin is ebiexued based on pre 
ASS Uberti Wat Ha Volume otrupied by the Vigut prue Ло nesigible ‚колл. 
WRT СИМУ Т (о Yuuu 4A 
TA — > Ct)», 
- 114.5 tv (3) 
eom. (1.01325 bar) 


Sowing Cr) ard (3) Siwmultmeous ly 
у= 3153 kmol , р„= 0.9485 bar a — Ф) ра. 
di z4-^,-* 5.247 kemo 
Qu c 
Ce Mg (4) + 25(02tT5.16904) > 3 CO, ( 37153 HO + 5.247 U20(2)) 412.5004 94M. 


the QMNET4 4 lulancg reduces to UG. Thus 
Q= (8 کې وي 2.1537 پیا‎ 52410 


e (9) 5ا‎ U. o, 14 ا‎ ( “egte 25 Up, 1-44 Uy) 


with uzu-Er {ос Мм. до Components gruel usb pe” for Hoo guid 
Q =(Ё „+3153 —R 2.5 hot A Wu 7 Chey er 25 ho, * 44 bna), 


i 


+ 5.247 hy oi 7 (123.8 - 8.247 - I2) 8.314 (248) 
Lut о dcos he We +АК „моћи Hat We zo for o, ол M, ; anel setting Ила. AR 


Jews * tere siwe TL 27, 
= ӨМ + 5,75 e bo 24 2] ~ (-17141 zna) (2A 6) 
Qe SU, esos), 05), e 7 C uu 79) 


= &(-343,570) 4 3.352 (- 241,820) - (-208,450) + 5.247 (-285,830) + 4328.3 


=-5,343 x io" m 


Су Ее 


I. Itevatron USING table dada. com be avoided by using (Т. 


15-75 


0 


PROBLEM 13.67 


KNOWN: A nuxture of сна and 200% theoreti cok avr, P hall هه‎ 77 °F, latu, 
react ceo lefely МД aw сита vyestel. Feo Casts are Considered: 
(a) reactvow at Constant Voluure, Ch) react gu at constant Persu. 

FIND: Deve raana the ten pe ature 

SCHEMATIC È GIVEN DATA: 


(a) Constant Volume (b) mstar Paessure 


of the Со ил до Hoa Products. 















pue 





initia! fina! 


int га і 





ASSUMPTIONS: (1) For tne Systems Shown in the occo mpanying fisuve Q =O and 
there are no effects of Kiuehc or potenbal energy. (2) Pressure Atmarn у 
Constant. (3) Cox bur ons es complete. (4) 3-76 moles of ^. ALCO mM Any esch 


Mole of О, inthe arr. (5) The inikal fuel aur wig hre and the products of 
Сомлюо Кол can Юе modeled af ideal gases. 


Ato AU SL: Basing the calculation on one mole of fuel гига 116 present, 
the reaction їз descr: bed hy 


CHa + (0, + 2.76 Co, + aH, o 20, 4 2.04 NL 
(4) “Volume 15 Constant, 








OF ue volv nmt. ts constant, W =0, and an “как Y 
Volante. дайы Саа tur th 6 $tu mph Ct) ш read oouo. Tharr 


2 T ж ењ — — att 
Wr X. üsh-PTr 


RS E і 
Tate be cing he "t + Ў jand woting tht y -O fo O, and My 
Я — ө —— 7 "O = Т; Бу ` = ы, „ 
© I WO) ~ АС n [hee KC) С ju. +2C% (т) -k G17))o, + 


ug CR (T2) — А 02)] vy — (бо, ~ 20.04 RT, + 10.04 ЁТ, 
With data fron th ‘deal Fao {ables and Table A-2SE 


heo, C \ + zh) ^ Кө, Uri ) + 13.0 ¢ o, (т, \ -20.04 ЁТ, 2 71-162, 300 чое] = 


Z.[ -(o4 0€ - «258] + 


2(3725-) 415.0 (3720) - 32,210 
- (29-04) (1496) (537) 


= 394, 94 | 





z (A) 
Solvi e “Te и 3260o R. : PET — 
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PROBLEM 13.67 C Contiuued ) 


Co) Pressure iS Canstunt, Siea fires 0 ua ©з constant , Ws Spsv= p AV. 
Se, t: х о. 5 гои ру тл С) an enevas ba lan cs Ale Lo до а - PAN, or 
A =0. Thetis 


Cree, +2 мо 4 2 ho, + 8.04 hy.) 17 Chen e +h о, + (3.04 by, ), =O 
Wita he We +4 and моћи 4 JU We > о for O, and Wy 
[Ку + Kee) -TEmo + а) -ROn « 2 (n )- 1637] "E 


15.04 Qr) -RGYW),, ~ Ei Jeu = б 
Witty date у ow te id eot 3 ао TA A-LSE 


Theo, (Th + Thon) + 2ho CT) + 1969, 0) = - Lap- he, - 
2 (р =k (37J eo + 
2 ho, (S37) + 1.04 hp, (зз?) + 
К 


¬ (469 зоо -4028 ] -2 (104046 - 4258) 
+ 2 (07277) 41504 8710) - 32,210 


i 


u 


421,263 
OLO Solving, T; € LOGE R we cby 








l. Note tad witan ters Coad i S tuts To fin а ممعم‎ 
Co kre olot*: adf 


idola ds $ ^ m3 3$ "(2s CSS )= © oe 


Tas, Pa = 6.07 atm. 


J, Note Oot wui hs A a d a A $ 9 е7 vation 4 sk. | tas UD lo wR 
raho ce ba ob tnineds 


=. 2. ot \ | = 
PV, 24,2 [, > > fax | n Te) > 2A атут — 
P Ta >м, RT М 
3, je Е; ports (a) б^л б), ttewatum wit table dale COA be anoidca by 
м4 
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PROBLEM 13. 68 


s 
Kt20t!N: SERIO kg Ааао4 СН and 20% ex ASS air ر‎ Сї Hotty oA 25x56 la tw, 
reacts ap ۲ ہما‎ a ad aad insulat d versed. 
FID: 


Deter wine Fis Anad te wp era turd Од Frat Hrm. 
SCHEMATICS GIVEN DATA: 





25°C, latm 


) 
А SSU MPT NS: The Syvlewm (s ghown in the figure above . (2) Br the 
59 slew, О 0, W0 , au Кама оо te hat — d^ ir. fH ct own 6 Slew: 
а) Tas Rath d He fat ob ah is complete, 2770 tuas d Nz асали 
Фосл. wapole O4. (t«v com hush сла — М» c inert. (4 ) The Volume occupred 
by the quid Ael им ees ù much Loss than The w оил Att. gas phage. (S) The ace 
and tm combust m protects can eath oa wold ay am сч, Gas. 
AN ALTSIS: The ^20 c hon (€ doocr be d hy 


CAG) + а (0:43.76 92) -~ G со, 4 THO + (зо, + 23.84 Мә, 


Widw as оуу mm Ct) ) ае lo oRance даа مته‎ To SU О Or 


CU) 
۵ = veo, 49 Uu o + روا 3ا‎ +3384 ою) - [oM + 9 To, د‎ P uy, ) ст) 
Fur X esas, the «cho а оо re deh 91 معدا‎ u-h-RT. For the L&a oid fosa, 
pu <= 6. j So Tee Wy, Iu 6-62) реа сла 
о 610-97], + 3 L6 — + vs CK-RTJo, 4 33. Y* [р “2 TI), 
— Vou ^ ap h-317)., - 3384 CR - € Jn, 
Or 


O- б Гета] CoA. 3 Che +20 lui + |. ST4h Jo, < 23. «CART № ә. 


© 
ш m5 = 
g Py js ха Д 2% 
~ (FF шн) — JE R1. — 33 P rS 
L 42.94 RT — 4434 RT 
— 0 
dant ; = 4-9, 100 € 3) киле 
Wide A ae TX d a 44 ی‎ data fran the Ax terature þe ie) = | 
о- © | - 343, 20 + Vee, CT) - a364] +3 [261 ro + hug (T) = 24 o4 | 


+ us Lh, (7) ~ ToRr | + 37.84 ( Wy) ¬ 86627) - 49100 + 
(42. 84K 4.314] те) = 647 4) (6314) T 


> We, CT) + 3 huo lT) +1 Tho, (Т) e 33.84 hy (т)- 368.67 = 3,421, 803 EJ Eve (fuu ) 
(D Solu ms rave vet wiw heta date Ts 2700K (T= 2NV7°C) 





—— — 
Using Tou dane sas ay oe Һил у sth ew tro gas p roo 
pu PET e .[^P) I). [4434 — 
2 t — =- = т س )ت‎ | — f € 
"S — petet onty " R malt 1) 42-84% = Ud 
A ignore volume occupied 
A4 quiet 
|. 


=з) Ps 30а سه‎ 
Thoyatim with Tobie dote can ke avoiled by using IT. 
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PROBLEM 13.69 


KNOWN: CO at 25°C, lat» enters an insulated reactor and reacts Completely Gettin 
the +hreoreticoe!| amount of arr — in œ Seperate Stv4e v at 25°C, latm. 
Tre products exit ot V айы, 

EIND: Determine the rate of entropy prodochon per кше! of со euterrng . 

ScHe MATIC т CIVEN DATA; 


Le P ke pw A 
Со AMA {/ 
25°C, سا‎ 4 
thes. att 
2%, latwe NL = , 
dra d uar XE. 
ASSO MOTIONG: CUO TNE contre! volume shown in thre Accompany гид f'q ure operates 
at steady State with Qey: Wey = О and negligible Ice wc and pefent'al Фиг effects, 






Product: ر‎ latm 


(2) The ceach'on is complete. (3) 3.76 woles of Ny Accompany each mole ef O 
in the avr. Na fs inert. C4) The comisuth’on ain and products of Combusnon 
Can be modeled ar deal дает. 

AMALYSI(S: The reacton ts deseribed by 


CO+ 39, + L88 N, > Co, + 1-88 ^s 


T+ ts necessary +e determine the teuperaiure of the combustion predoctS, Thus, 


an — rete balance at steady stete feduces to 3 ve 
o. QE. NEC + (hed), + ож !-8&Аю,) -э Reo, «18821, ), 
With беа Ah j and ^ot thet hy =O fer Orand Na 

о: piot Co) - (T Wem) - кака) - (88 Û KUR) hoan), 


Е y Ty = 1 .eg Wl 
wit dete. fe ow tho (deat GAs +a bl eg | 


* 
kh сә (4) + 1. 8% hn, С) = =110,5 80 ы ( 343,520 -4164) + і 88 ( #669) 
2 


= 3 o? 05 7 


©) Solving fw Tas ; т; = 2665 K. | 
An en vo py fate balance at ste ade state tates the form 
О = WT + (E co) + (3 Zo, + 1-88 Fy, ) — ( Seo, 1.88 Sy, ), + Tevl ico 
heco 
ev hey З (Seo, + 8 $91). = (Feo), = CA $o,t 88 5 Mi). 


The CO enters sevarately ot 1а?к, latm, о From Table A-24, Seo = 197.34 KI] км. K, 
The О, and № in tha combushon аги tniers as a mixture at Ве ъа. Thus, with Eg. 13.23 
ond absolute entom data Fow. | Table A-t5 


or 


Ct) 


So, = Ss (sat) - Rtn Чо Ref | 205.03- 9.314 00.21 2 21801 remel: K 


$a > Sug (248) - Rin Wis Peat . 4 GEE BA 7425 143-46 iJ] Esel: К. 
pr^ 


The products exrt oj e» ‘deal gas wax Fare at Lade, 266TK with the following 
соко hon ео, = /2.8% > Y м, =1:98/2.98 „ Then, with absolute entrody data fr ow Tabler А- 2344S Д7 
(abs) Ron eat 326,74 - 3I dn Dog = 335.53 KI/kiol K 
Pret 


Sp, = £2 (107) - Ё 2 A. C 202.4? - €.31* А A = 269.97 €O/rv.d. К. 
f 


= ~ С) 
Sea, = Seo, 


S окко Values («To €.) I оде 
' - at (93.44) = 16 9.3 IET — 
Tar 2 33593 [B8(265.41) - 17.4 ~ 40:800) – t 88 (192.4) кыо, K 








1. devotio wits table data can be avoided by us hd UT. 
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PROBLEM 13.70 


KNOWN: CHa at 77°F, latu емер: an cngutated reactor and burns completely 
with ar entering i^ a tapavate Stream at 77 °F; latm- The producti exit et latm, 

E (i: Determine the rate of entropy productos per мог of CHa , Fre combushion wrth 
ii the t&eore cal amoumt o ferc, Co ) 200% of d^eore Feat. arr 

SCHEMATIC È GWEN DATA: 





ЕДЕД 
CHa | VA 
OF, latin 
кч Products, lat. 
Ar 
7? °F, late. / 
T VII 


ASSUMPTIONS: CU) The Control Volume shown fn the accompany ing fr gure operates 
ot steady stote wrth Rey: Wey = 0 and ие Ira i ble tine hc and poten h'al energy effects. 
(t) The feactton vr cow plete. C3) 376 moles of ho, ACeo o ^n each wole of Co in 

tne arr. Ma (5 inert. (4| The cow buthon arr and Products of Combushion can 

be modeled ac deal gases, 


Av ALYSIS! la) Complete combustion e ẹ CHa with the theere tical amount of 
air vs described by 


CHa + (20, 47.526) —™ Сот 24,047.52 M, 
To ر او ا‎ write an energy rate balante at steady state: 
Ox OE C ena), + био, eb), -( Кш, + 2. но 4752. hy.) 
City 
With Rahe Ah and noting that ngao for о, and Wy 
Os Fe ene + Со) (т he + hCG)- «837 + г 714 eV 0)-&n)]so + Lh ° aon 
With dade fou 44е ides? gas tables ond Table А-25Е. 


Teo, (B)+2 Aut) ят Сз) = Ge —WR СТ Y -h eon 
. 4028) -2 [404,0 40- 4156) + 7.52(272‹] 


LERE ех зт], WE АЯ?) 


= 3200 ~ Lte, 300 
=3 65,764 
(D Solving for Tz, Т 4167°р.. 
Au e rare balance at steady state takes the form 


o: X Sy , Cem) + (> То 4752 Sua), = US eo, +2 uuo 732 $942, + Ter vi ca 
Very 
or _ _ 
Ter Rens = ($ со, + 2 Shiv ++ Sma), =- (Seng), - (2 ot 7N $4 a С) 


Tre CHa enters Se porately at 837°, late, $o from Table A-2SE Rug: 44.44 Shine! R. 
The O,and Ma enters os а wavhre at Prete latu. Wt E4. 0:23 and Tho Table A-23E 


$, = SQ (537) -R л. Pt. agag—iaio 440.2] = $2,079 Bfe(llemol- R 
2 а Pref 4u. 208 Dto lemol: OR 
Sp. = 50, (537) ~R aw "ы! = 4574 0416 42.742 ° 
‹ 
“The pre dv ets ewr ¢ as an deal qafî miy Wve at latm, 4187°R, with trae 
following Cow pea hm Yeo, > Yost, me * fio. $1. , Gu, 2 7S2/70.52, Then un $ data frow 
jhe 4204 gas +ables 


Seo, = Slo, (4187 )— Rin ‘oe e 76.673 — (486 ln. Se, * 80.747 G8 lionel‘ R 


$ Ё ye b = 0 bel: 
$i 0* Thao 4181)- RA duo 6$. tox HAM - = 6%. «оъ ühl[bi«cl- eg. 


- _ |. "noo 62.16 | Rh / (emel "C. 
3 a 3h, 041)- Rug, = ©. ЧАЧ — ($3 7 
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PROBLEM 13.70 ( Contd.) 


лге" е4 values "udo Eq. C) 


са са [20.747 + 2. (6 9.40) 4 7.52.( 62: ler) | ~ 44.44 = (2 ($2.079) + 7.52 (46.208) } 
= 188.81 Biu/ lomol(cHy) R ö— — — (ж) 





(m) Complete combustion of CH4 with aoopercent of the theoretreal amount of arr IS 
CHa + (402 + 17.04 Ne) — Cont AHLOF 203 FIS.0% Na 
“To determine Ta write an energy rate belencet at Steady State: 
7 © W о 4h 3 = a= с — n E 
О = ame * + eua), + (4 мо, tisO4hy,), -í( ^ Co, + зин, ¢ 2 ho, + iy-O#L Mi); 
With he he+eon 
ет T —- а — — oo - — 
е = Te Vena + (о) CK} + h (тъ) - С527)) co, +2 (hf +k 8) - (S27) „+ >[®(ъ)-®6з>)„ + с.о [hh], 
With deta from “He (docto a: fables and Table А-25Е 


Teo, CR )+2 өст) a 2 Ro, 08) ris.oa 85) = (FF keny = СЕ T З] со, ~a LRRD] mo 
+ 2 0,0517) + 17.04 ГҮЯ (їз?) 


т -32,210 -(-i200 -4018] - 2[-104,040 - 4279] 


= 


+ 2 (372г үх 17.04 (2720) 


> 4201, 244 
(D Solving fw Tz, Tg 266696. 
At Steady State an entropy tate balance reduces X ү уз. 


Gev /лену * (Seo, + 2.89410» 2 So, ISOYE Nt) = Жена ~ (450, 4 1.04 Sey) (2) 


The vaiue; of Teny , YN and Py of the reactants are the tame ag in part (а). The products 
Qut of an sdea\ gas miee at late, 2666°R with the following cow posi h'on 


Чо, > '/20.04%, Ymo: Чо, 2 2/2004, Өү» 17-09 /20.04. Then corte TO frou The Idae 9 ay 


‘tables 
d 4. ~ am 

Sco, с Fco, (2006) Ё Ae Sco, 7 69. SaN- 1.986 Soy 3 755 $47 BMY limot: R 
Suro = 29, (106%%)- Ё А Этот S 4-694 1.9 $6 An Dot" 64.27 

= =~ p А — 2 á b ‚ © 
Zo = So, (e) ER Yo, = OSO 146 In Ss Сс. OFT Bhl lomot: TR. 
T= Foes - FA due 57 644 "LATO д 1502 = 58.21 Y [lon p NR 

Ne 7 t » 


Тллае Ки values t^ to €«4.(2) 
| ~ ¥¥.44-4 (52. mis OU (V6. 208 
Фй eng SST а а (Сел) + 2( 66-063) ыр oe ($8 ыч) = ENG - 4 (52-078) ) 


2.69.47 ВНУ biet: 9R. —— — — €) 


l, tevation wi Hable data cuu be avoided by using UT. 
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PROBLEM 13.71 
KNOWN ` Two cases are va der cons, dera hon rnvo luing aon ingsulakd reactor 
at steady Stoke : (a) Carbon mero х.е ard water Vapor enter w~ 
Separate Steams and form H2, CO, , C6) COand H20(v) e«ftece a 
vo hare and fo u~ (9 ر‎ со, 
fH d00 For eaa Case de fey rune tre rate a ea Меру pre duc ћ л. 


Р — 
ŞEHT MATIC F GIVI DATA! 








у | Co, H0 
400K, latun АН, со, еа | { Ha, Cor 
H2O) парта eens | i atun 
(a) Cb) 
ASSUMPTIONS : (1) The contel Volumes Shown above are at Stead State 


leita Qey = Wey = O and ner gible kine be / poten that energy effects. (2) 
The idea Bas ve del v applica ble (5 ca сойле 9 and ex hing S Deam s. 
ANALY Si 87 To evaluak the En haps produchon yates, To tempe ra tuve ef 
tie ex hnr; nur pure (S res vived. To dettrnune fuc, write an energy 
balance for A Ga. reach oa 

Co + H20 —> CO. +H, 
That © 


Os сә - Ca [ ^o EET T R — b heo, mous C 1) 


(1) Eg.! is solved using (T, as follows: 
Tin = 400 //K 


hCO in = h_T("CO", Tin) 

hH20_in = h_T("H20",Tin) E 

hH2 out = h TCH" Тр) IT result: T,=9225K „ n 
hCO2_out = h_T("CO2",Tp) 


O = ҺСО іп + hH2O іп - hH2 out - hCO2 out 


Vow, am ewropa balauce reduces to 
oa + аз ET 
Neo г 1^1 + Sco + SHap(v) TES ed Sto, = Sus. T Vulnus 


um 


` Hot) < г.) 
ln derms of dewmpevaluves ond pressures 


d Cw leo = Seot $4. 7 Sq 


| Y co n Sep Tp ) Feo, Kae) t EN. ТР s Tussous) 7 Sc T ; co. iun ) = Sicav) (T ) Ра ocv) ia) 
With YT sCO in = $ TP("CO"Tin,pCO іп) 
SH2O іп = $5 TP('H2O",Tin,pH2O іп) 
sCO2 ош = $ TP("CO2",Tp,pCO2_out) 
SH2 out- s TP("H2",Tp,pH2, out) 


sigmadot = sCO2 out + sH2. out - sCO_in - sH2O їп 
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PROBLEM 3.7] (Coutd.) 


СА) The CO amd Hov) enev separately each at 400k, dam = 1.01315 bay. The 
products exit as av deol qas mixhure at 922.5K, 1.01325 bur, with We 
molar analysis Чы Yo, 30.5. Thus, with IT: 


рСО in = 1.01325 
pH2O. in = 1.01325 


pCO2 out = 0.5 * 1.01325 
рН2 out = 0.5 * 1.01325 


and the result is: wl = 35.29 kJ/Kmol(CO): K «< 09) 


(b) Tn Wis созе, the СО амд. ou) ender as a mixture, with : 20.5 
Tas bors UT ^ Jeo” Tino 


pCO_in = 0.5 * 1.01325 
рн20 іп = 0.5 * 1.01325. 


ond the result is : Gu lx = 23.77 KJ/kmo(CO)K < Cb) 


Discussim: “The entropy prodechon rate w Case (b) © less flaw 

fre puta) lse с-ды S4 The wo fure bees already heen formed pror & 
tulaying des reactor. Fy Coa (а), tee илк Кие forma witan for 
reachy Qn d So furor б den bcd dou | вя entropy pw Ave hon 
wth this Tor of trreverd: huh ^, 


I. Only aw IT solutim is presented here , es Tables A-23 do not include 
data for H,. Data for W caw he found in tre same Source as Table A-23, 
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PROBLEM 1372 


кеты: ÅA aseous wa XLtare o£ са Hio and SO excess arr enters e. 
coolant- jacketed reactor ot 28°C Japa. Co wple te cow le o31 ow 
occurs and produch ex C et 1200 вс Sete Sata Ligure 
CoP@lant enters the jacket and ек Жас Vapor exit. 

FIND: Detrwine Ca) tre wars fow м 74t coolant и kg per со! d 
Asa, Cb) the XA en duction , сс) And Fa ^, y ex eng 
desto, Co ds V-trey coolanh: wat a | bar and 


awa vansa @t (О Oar. 





SCHEMATICS. GIVEN DATA 


з т. — -44 


|| cootant jacket 


Ter 28°C Coolants 


і war 
Р e water at 
Q Products} qun 3 ober 


4 Ca. Huo, Air t 


12001, Задї ум 
2.500 ,Jatm ias: 





ASSUMPTIONS: CU) The сомго! voliume Shown Inthe e CC Ou p ah fis ure operates 
at steady state with Dey = Wey = O and negligible effects of kenehe and potential 
en ran. (2) Combos Hon it complete. (1) 3.76 Motes of Na accow pany Cach mole of Oa 


in the arf: Na is inert (4) The incoming fuel-air membre and Cxrting comburh'on 
producit can be modeled as ‘deal gares. 


ANALYSIS. The complete combustion ef Celio with the theoretical amountofair is 


Са Hip + 6.5 (0, €1.7G My) > 4 COL € SHO + 244+4 AL 
Complete combushion with 865 tecest alr if then 


Ca Hio + 17@©ъ-+3.76#>») — ECOL SHD ENLO, + 43.992 М, 
la) An energy rate balance at theady reduces to the form 
O: pa + عش‎ y) + Y сано NC њо ^ тт Ко, + 43.092hw,), = 
U^ here Shuro 4+ Sa ho, + 43.992 Mela | 


where Mew rs the mats Clow rate of the coolant and Aca Hio ig the molar flow fate 
of the Ca Но. Accordi naa 


es Gas eU2 ho, e 43.992 hy), = (4 co 3 Кио + v ibo + 434925 м, ), 
V ca Hio мч -hp 


With Ў кү + 4&6 and noting that LY о for gid M. 





wew _ (сунь {А Са U zoo) -h (24 8) Jeo, +5 (у +оо) - АЯР) ] u, o + $.2.[ (зоо) -hasg)lo 74209 —XR 
Rey Hio hg -he 


= 126, ISO- 41-243, 910 4 53,948- 4364] -5[-24/, 820+ 44,3890 - 440] — 9,2 ( 3t997- 26 02)— 41.442 (36,777- 2669) 





hg- hg 
д 41S, 404 *S[ ewel Cust) (t) 
паси 
e For waty ab (Ба, Ea 22.98 ES = — = — = 405, 4 KI 
e ^ c, Po 2155 ent (Jan ) 
>o) 





e fe Сл MAU aD lobor, h = 1165.4 €i = МА cto = 785.5 kd 
| ej ^ одно cunt (fuse ) 
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PROBLEM 13.72 (Couhuuad) 


(5) An en fre py rate. balance at steady state reduces fo ave 
Су I (2 Sco, + Ў Sino 4 5.2. бо, + 43.442. їм.) =.. $e Hio e un $9 t 43.942 ؟‎ 4) + — $4 -S3 ) Q) 
б сун > 


The fuel and arr enter as a wy re at 252C, Jain, With the Cowpotihón, 
Yeu Hie = 50.622, Че, = ''7/56.692, Ум. = 43.46/76.092. According ly 


= a o _ B8 Ionut? . ас _ 
Sc tio = Seq (248) – R In cr = 310.03. 9314 bac 31:16. K3 | ewel: К 
So, = F (449) - R tn ЧоР „ 20y-02- SHIN da (18708) a єз Я 

Ы d Fra Sern T 209.0% t2 Kwek K 
Д E $$ (249) - р 2 Чи Р 


BaP .— (iq. p BY hey 63.990) = Lg. 71 €2 | mol K 
Peat S'C.G42. 


“The Products e«t as a wmixbre at [200K, За withthe Сох мос hon, 
Чоо SEL, Чио > 3/582, Yor P2/59,142, Yu, 3 43-992 /og sar . According! o 


Seo, > Seo, (1200) - R dn “ee з 279.307- %4 Ал (4)(3) 2 24 2.4 3 KI | Kol: к. 


59.142 
Sao = ÎHg(ı200) ¬ Ё La ee . 240.533 - ®.319 Ал. Sm ` 251.60 &3/kwel-K. 
— 


0, бо Utor- È A X . 2*9.406 - BIN dn 6228). 266. CS КЭ [Киа K 
e 


за? 
€ = 5 р = «3,442y3) . 3 . 
Su, * Sp, (оф) -R "a a Why - TIN 4 oa > 2277.31 € [kmol K 


Mom "Ta ble A-3, 54-5; =(7. 3554 = h306 = 6.04 44 ed / ke к. 
Sulesh Wing Valves into Еа. (1) 


. 4 (292.42) 4 € (251.60) + S.2(200.8$) p 1.441( 227.21) - BIBER 1.7 (209-02) — 42.942 (10.7) 
V Ca Hio 


4+ Mew E 
Bee (54-5) 
= 2888.77 + Mw (54-55 ) 

W fun 


= туу. 7 + سعط‎ S$ 
^ fuat 


Tue vA fw ge Cow. Qe ob raned directs teo deo data , but ibis Rag 
Instvuchye teww te Xa last EYPADSS IU Uge ny Ssa = Иа [Tay Ram Tec. (Q3. . dt 
Sev 28€0.714 Mew Nee = 29299.77 + zs eos][ e 

t 


A сло {че Пе n 


A ga.) 
> 2888774 25, ¢07 


(2) 
Tsat 








> г Е 7 
U2 له‎ co | 64 ر‎ Ee 373K => Ог, _ 2888.774 AUS, 401_ 15342,4 Li. 





mE i j 0 
va diobar ; T -248K = ev 2088.77 1 алу, 401 : 
Pro pak Om Sect 8 Bo 2 Yvon? E 
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PROBLEM 13.72 С Condv acad ) 


CO) The ergy destruction tê obtained vSing . 
Еа. „ть чу 


Weg tio Vica Mio 


ь Water at \ bar: 


. 


oS Фак Y 5342.4) = Saves єт 
eg tho kwol (ak ) 


сс) 
e олм ak (obars: 





Ea _(даг)( 5160-6) = 1776 × R3 
V Ca Ho 














l. T ha d otn b.e huas tire entop product’ on poe 
lb not Gea b dA Katures 4+ Haw йы у сы ро mt ti te 
ما‎ uper a Peat Ta, 07 shown bi Eq. (29). T4 eek, toolant 

G2 ga о-о ماع‎ Law H орау КД Ай, tle sawe a. re j g produc nw 
Аа а. wows عط‎ А Хау مہ‎ d Ler Rath. The Chere 47 
Ca ol 00 WY da ma Sl 4 о Qaa Soy a home . Бу гм opto y ож a 
fm ne ps i = 50°С Ao [^^ 377 1 saturata d Walt is 

jvst о. 3$ mar TU VOU UTE مال‎ pom Satvretad awww or 
uo 20.53! bar Suck ека [re $309 O даай © 6. avoir uc 

wa appi مہ اے‎ ue Ui Ф Contr bya on , access; Pd а-ә $ hown 


— parte) e tia Tot also affecte Thx wass 
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PROBLEM 13.73 


KNOWN: Cy HeOH (2) at 25°C, laha enters a noactor and buraa comple {е Lj 
With BOY of theoreti tat air ел tering Separately ab 2PC) la hy: 
Reoducts ANCE at 227°C, lata. Mes Want Qa te tea ctor 
occurs at Ё иал, ture Тр. 


FInd: For To anging from 2ў°с. to 200°C, determine Ho Acer 


ob exersy deste uch m witan tra ХААС фу. 


SCHEMATIC Y, CUIUS IO. DATA: 


Pa. 


C HgOH (4) 
2 soc, latm 








Pre duets 


130% theo. 227°C, {АЗ ^. 


oe atm — LULA 
ASSUMPTIONS: C) The control volume Shown in the accompanying figure 
operates at Steady state with Weyto , negligible (снес and potential Energy 
effects, and heat vant far Occuring at tempera tuo Th (2) боа. Бъз ом vs 
Com plete’ (2) 3.76 woles of ba — 9 ске dote of б, in thearr, M» vs 
werk: (4) The cow bushon alr end product of Combushton can be mode led 
as ideet gases. (5) orte exergy faa es i noe), Т LIC (248K ) 
A 9 AU Y SIS: The rate oF exergy Jæ tve fro vo given by Edt To Tey where Tey rithe 
rate of entropy pmiochon from an entropy rate balance. The plan then čs 
4o evaluate Sev. Cow-plete Cow. ооз [У on of Ca Be OH with the thepyet cal Amount 
OL ate is Ҹесси bed hy 





CLHFON + 2(00,+3.7 Рә) c^ ACO, +72 Hoe IL 28e NV 
Cow ple te Combushen with 1309/5 of the fhaoreh' cal Awmovut of air ys thus 


Съ. Ho Ow + 3.9 ( Oo + 3-76 Nz) шш”; 9. Со, + њо 0.4 0, + 14.664 Na 


Wirth essuv phon |, an anheny rare balance at s reads gtate reduces to 


Oz Ф рае ү Су, + (за So, +1444 8 9), = (2 Sc t Эно + O-1T0, + 146645 ,) + З 
Т, J Ире 
Accordingly 
Gv . ~= ev/ P fue! ЕЧ (2 $ eo, + 3 8 0ر‎ +۹ 3o, + (4.664 $2); -t Spuer) , = (34 So, + (4. 66€ Ser), (1) 
V fuel Tp 


The. term @®er/nguel Can be obtained from on enegy rate Valance whieh 
redveec with assumphonl © 4ive 

Ber . (2 Teo, 43 haa оао 1c * hi), — Срег), - (зао tector, Ja 

Açuel 


2 Съра А (500-й RAD] co, + 3 Lh + KC) - 00040] u o + 04 Û А (500) - оар) о, 


+ 14. 6TH (Sw) - O40] uu. - (Кү) - (е) 
With date from е deat gas te bles and Table. ALS 


Фс, = 2 [-143,510 + 7,628 - 4364] 4 3 [-2¥1 i 820 + ib, $23 24404) + 6.4 (14770 — £681] 
SON + eC 414, SBI 9664]. — (7277, 690) 


= — 05,237 FI] mol (fuet) 
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PROBLEM 13.73 C Contuued ) 


Neyt, tue spec Are en trepi ec appearing in €E4.(t) are evalua ted. Sine tne fuel 
entet at 29°C, late, S fuel is obtarned fron Table A- 257 ` Sguet = (60.7 KIJ] icol К. 
The combustion air enters as a іму Куе with joS 6.21, 2", 20-79. Thus, with f^ Pref and 


T= 2AtK 
So, = $6 (2480) — R Дл — b жебей dpud decals авот ы 
Sp, = Si, (nat) -R 4 Ум. f >. Ia ур $2IN 400.792 i4 3. 462 к J/ kmol К 
fret 


“Тыл Combusthon prodoets ayit OS € Wixture at SOOK, latm with tia compo hon 
Yoo, = 2/20.5ҷ , Ur s/esbY ) Чо, "a /r0.56% , Qi, 3 1064/54 . Thus with dala from tht 
ideal gas tables 

— © ~ Р, 2. * 

Sco, = Te (500) -R Je Yeon Aet _ 234.81- Ф.31Ч dn o = asd. 18 T kmol: IS 


Pret 
S 2 3 
S 420 2 Sho (тоо) -® ha — 206.413 - МЧ — - 222.4 17 Jf iuo i 
Saye So (зол -R Sn UI ‚ 220.584- van Je LA. a ды, b03 ккө. IC 
S, Si ъл. Ум, Pret 206.620 - 9:31“ 4 1664 = 20а. ЧЧІ к. [Еі K 
Sp, = Sp, 6500) ~ R — 2 те 


ю, © Pref 
Co\lec ting results 


Sev = (13105, 237) 4 (узу stad + 3 (222.417) 04 (246. (B) 14.604 (209.44) ~ 160,F -3.9 (218-01) -14.664(193.402) 


“аел ТЬ 
- 1,165,237 20.4 KS 
= , (05, 131 + 620.4 kI Fa = "| — + © Val (fost ) 
Tb Кучо (fuel) · I fue! 


| А 
Sample C celeb m: Т 248K , (E4/ gue) = 129 <° к/к Cfust ) 


PLOT: 
x 10° 
1.5 
D 5 
E 1 
2 
ET 
2 
= 
о 0.5 
Ll 
0 


25 50 75 100 125 150 175 200 


Tp (°C) 





© At Steady gtate, the net y carried int thasetr is ofxed value equal to _ 
Ho AN er ds ho со, Huh hs Atach plus Ah. uiia у, Слик e out 
xo d е vM agd wans D. Since us Heru carried Dut «c. وہ‎ 
heats of Th i ereat’ Li- 70/75, ] @ev ) tee Ante of eed Я 
مل‎ (мос ہہ‎ w fan the Aactem عل‎ cna о T, as хуч ам мл the aot. 
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PROBLEM 13.74- 


Kho ON! A Gaseous wuyture 2 Са Нь and the eere at 
25°C, lat. enters a reactor aud burua Completely, Combustion pro doct: 
Qn t at 627°C, lad. (Nest гаме Fy occ tt. Каас tor takes place ot Ту. 

FO: Deters: fhe rate ^ exergy deshvethm, wm FJ per Kine й Сә He, fer Tho 
PARAS Fr ow 25 te ©©в°сС. 


SCHEMATIC т гоб о DATA. 
MEE c. 


To 






{Ca Ha, theo. airt 
25°C, latm 


{Products 
A або Klaim 

Л ل‎ 

РРО ГГ" 
ASSUMPTIONS: (1) The contol Volume shown fn the acco wp anying figure operates 
at Steady state with Weys о, negligible effects of kinehc and potentiel ener$a, and 
heat transfer occuring at temperature To.. (ау Combushion FS complete . (3) 3.76 
wo les of M. ACCOM pany each mole of О in the arr, №, is inert. (4) The 


incoming and ex tin Mix furer Ca be. dix ated At vydeal » Ls) — exergy ` 
ye feit ед V ILICOMW wt ) ть = 2а9 < od В t 2 Jes. 


ANALYSIS: The rate of exergy deshuch'm và given by Ed= To Tey бы hare Say © the rate 
of ewteepg produchon from an entropy rate “balance. The plan then rs to 


evo lu ate Oey. Complete Combe сом of C Ne wrth the theoretical Amount of 
aiv i$ deser. bed ny 


Сане + 3.804 + 13.160. — ә CO, 43H 0 413.16 ML 


With азгок р той |, an entropy fete balance at Steady shte reduce to 
Dev/Hjeet -— — — ө 
О = UM + G fue! +3.5 5, + 13.165 Ma), m (2. $ co, +3 S 10 + 13-6 Se), ms Dev 
тү чө | 
Accor dv داو“‎ 


Ta „  — Geviriuet 4 (2 Teo, + 8 изо t (36 Su. ), ~ CSguet + 3.5 So 4 17216 $1), (1) 

"еі т} 

The {аты Dev (quet Can be obtained Froman energy rate balance Wwluch 
reduces With atsumphon | + give, 


+ 
Qe = (2 со, + 3 huzo + 13.16 hin), € ( иле *3.$ ^o; +13. в}, 
“ех 


— б — — T ГА y 
= UL ү Roco) - D M480] + 3 LT} e 8000) 75 (98 Juro + 13-14 С C00- КАЕ, -O eet 
со 


LA 
With data (eov tha A dagt gas -fa bles and Table A-25* 


- — (= 8Y, 630 
Qer [343,90 + 37, 45 4364]. 3[-24/, 20+ 3,828 - 04] + 13-16160 goer] - CEN, 68) 
Poet 


= -1, 066,17 8 € 3 [клы COH. ) 


Next, the з pea fre entropies Appearing in E9. Сг) are evaluated. The fuel 
aud gir enter as о. mixture at Pref. and T= 248 К with the Comp osrf' on 
(Rea 17:66, Yous 35/1766, Ую, = 1116/7606. Thus 


Spuer = Shue: 0240) -R An Hon Pref 229.9 8.214 den gg 7 2.53.36 KY/keel: K 
vet 


B г эс _ , 
= 20f-0}- 9.313 Аа SA = 218.44 c S[ kd К 


Spo? с» (148 )- RAW = IALT- 8.31¥ de з= 2 143.47 €J/kimol · K 


So, = So, (>48) — R dw 2o; 
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PROBLEM 13.74. C Contnued) 


The combustion products exit 01 a mixy ture at $00 Как with he 


Compor hon ° ue “ель, — 3/1816, 94.7 з/д. Thus 


Sco, = Хоз (400) - R Av. Mod = 203.559 - F.3N ba (gi ? 2 81.40 5/60. K 
чь Е il. m " J it^ LK 
S moc Theta) - Ё La Yo = 228. ˆ 8-3 4 гат = 243 24 w*J3/Kwo 
2 Д. Be du - 227.32 ET (kmol K 
Tuy = S5. (400)- È An Deu o 229.007- 87 16-0 ( 


Collecting Cesults 


Sev _ _ (1,066,178) | 2 (297.40) + 3 (243-29) 4 13-06 (217.32) - 25336 ~ 2.9 ( 218.49) - 13.!(143.45)— 
“ое To Е t; 066,178 4 714, kI 
: |, 006,148 /4. E — — Enol K 
2> (Ed uel)" To [ Í Te eT ++] —— © 


Sample Calculation > When <, = 298 Ej (Ed/riguet)= 128/09 ET] ere Cfust) 





PLOT: 
x 10° 
1.5 
(0 е 1 
x 
№ 
Ф 
2 
C 05 
© 
0 


0 100 200 300 400 500 600 
Te (°С) 














|. At Steady state, the raf exer; Слука е Ч inty the peactur «d ~ fixed Value eguak 
to Teo длето dep d wid {hs feactor pus TA ddr a carried out 
0 C cov pe Mao-t trous fer 20 Sina {4a ex r carries out AC Comp ae gry 
hoot rad Ld Lx uesa ao “Ty LA N :معفم‎ Cl- 7/7 ] Rey , t fed c e$ temm» 
de the moet decnenesa Go Т АСУ ر وممەە‎ an Shounm tha филе. 
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PROBLEM 1375 
KNOWN: The veaction is CHy+ 20,3 COL + 2 Н.О. Reactauts and products ave 
ok 28°C, Lam. 
FIND: Determine AG Wi Co) Gibbs fumetion of formation data , Ch) 
eval of formation amd absolute entropy dala. 
ÅNAH SIS. For CH, +20, > CO. +2 Нн. о, AG is 
AG 3 д + 2 Sino J^ e до». (9 
where each 3 is at 25°¢, Lahn 
(ay With д; daka from Table А -25, for Ho as а даз, 26.1) 4 Ives 
AG = - 344,580 +(2) (-22 8,540) ~(- 50,740) -(2)Co) = - 800,770 E Лема c 
NV oon 


Ca) 


(b) Wik F 2h -TS ‚ $4. СУ becomes 
кє = (Ra), #200-TA)y, = TE) yy 2 7800, 


Е o? zk — ~ 2 hee) -T( ا‎ 2 Strom Scu, - 2.5. 


Tuserkug Wy And Z date from Table A-25 
Ag = (- 343, 5204@)(- 241820) - (CIN B50) - C) co) J 
— 248.15] 213.64 +(2(188.22)~186.1b- (2)( 205. озу] 
~8 02,310 - 298 4S l- 5.08) 


©) = ~ Фоо 1942 ЖУГУЫ сич < — Y 


|l. This is in agreement with He amswer of parta). The di ference ix 
due to Cousa ос. i 
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PROBLEM 13716 


KNOWN: The reaction is. 244) + 302g) — H20(q). Reactamts ал products are 
ot 17°F, lam. 


FIND: Determine AG using («y Gibbs fumction of formation data, (b) 
enthapuy of format ten and absolute Otro py data. 


NANSIS: For Дь +502 = H0, AG is 
AG * J 0(4) ˆ ju 5 9o, о? 
Where each ef. the a's is eva uated at 77°F, Lam. 
CA Y With 3; data from Table А-25 , &¢.(1) becomes 


AG = (f leca; (38 lu - Sf), 
= -78,350 - lo) - $0) = - 78,350 8h/lbwolg a) 

(v) With 4 "MTS, E401) becomes _ 

AG -TE Jroen- (К-Т) b TD, 

ho Со) da. | 2 
— hu,- phe, ) -T (осу 8 Нә 25, ) 

Using ex ond 5° data from Table 4-25 

AG = [-104,540- 0 - 4C] - 537|4s.58-31:4 - 4.049.981) 





Ф 2-48 548 $t4/ |b wola | — LL V) 


|. This agrees very closely wit Ha result of part (a). The slight difference 
(S due to round off. 
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PROBLEM 13.77 


< houw NM: Separate streams of Hz and ©, at 25°C j Latu, enter a Ф. 
ceil operating at senda state. A Styeaus + Аха оё water eX h 
at 25°C, АМ. 

EMD: De leue Ha wearin {haere K at power the cell aan develop 


fn o speared Fea (ч Ae. and t EE" uy, ar, — 3 haat transfer, 





T; = 25°C А 
Wev : 4 
Ha мн 2X/0 кигә! 
sree, latm 
0 hold) 
8 2 0C, (atu. 
25°C latu 


ASSUMPTIONS: Ct) The control Volume Shown м the accompany’) figure 
operates et steady State with negi:9i Це effects of krnehre and polénh'al energy, 
(L) The cell temperatvve 15 ofc, 


AWALTSIS: The overall cell reachon у Hut 10, —> Н, О, At Steady State 
an enersy fate balance reduces to the form 


o= = - We + Gy), + ithe). - ( uoto), 


Wie 
Ve a Qe + (hy) + 4 без, L Bmore) C) 


Ал theady State ом ел irons fate balance takes the form 


è — =, | 
0* (Сәси (Ана) 4 Fu), + А (о > С Тие) + Sw G) 
2 Ts Wy 


w here Sev accounts For entong Paodech'on wsi'thin de cell. 


Corto ninin Eqs- U) asd) 


| С ho, - h a, = S -Th S 
Me. T + 4 ho,- haoce)]G5*0 мім) - Te[ Thet &, - Tote) ° late) 


As tne vatue of the underlined derm v's fixed b ъу°с, latm and Gey ZO : 4, 
ig evident that the ^Y дин theorehical Value t obtained when Sey20 ; 


Mer) av > Ски iba- arora] (ът lata) - Ts (Su, +¢ Se, -S "iote)) Q) 


ata together with 


. ў thal hen d 
Ture can he evaluated uting entre үче eee and q-247TY*, €4.) 


absolute ем Мору data. Alterna huel | fence п: г гес 
Can he expressed а ‹ 


We МАК 


Then, ил fh $C data You Takle А- 25 
Ge) 2 о +4 (0) - (2232,80) 
u, i Mae T 


= 1317, ‚ёо KI [remot (Ha) 
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PROBLEM 13.77 C Couthued ) 


Wita +t Spe a Pred fuel fee оо ла Ка 


С ake [ 227, Во к [axo — — | 


Cot (Ha ) c (eX t 





= 47.44 eW e раа Wey 


[е to rv no © Eq CU) 


О 
© 
(© oy) sain = OMETA CTR) — tO), | 


у? 
-4 (CH ~28, £30 Es is 
41.44 KW E (a — | : Kw i K3ls 


1) 





20073940. Eccc eese specs چ‎ 








fi 
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PROBLEM 13.78 | 


KNOWN: 


Operatng data are Provided for a CH4/0, fuel cet] at 
Steady state. 


F ( ^21» : De erm nR + tre V AK, г А saa 






haere heal соо thet Can be developed. 
SCHSMATIC E Given DATA? 
Wev] Heng 
к= О ji 
CH4 CD. 
25°C, lam | | 249€, fa fe. 
| 
Oz Hote) 
25°C; lam | | 2s, (а he 
— ge a a 
To= 245K (2y*C) 
ASSUMPTION 3: (i) he Con Pol veloce S Ко соол Ss at Stead 
Gand poten b al SHE ду е fle ctr are 
af j 


state. (2) Cine f c 
ne ye 5: ble. ‚ (3) Heat vans pp Че вес place. 
ау «49 к (25%) (Є) At tro сол dé hoa spec hed, Њо exif aa a begucd, 
ANALYSIS: The 


cell reach oun iw 


CH4 + ZO. —» CO, + 2H O 
Energy and eu мору balances zt stends sh, vead, respech «ets. 
(Sew) ба 6 
Nn gig ^ cH«q 
(entropy ) OS 


è jON 0 — — Ca "€ А | T J 
Сосо | ney + (С сна 27 3504-7 S ug. d ea T d 24K, la tu) tT бенә 
To 


4 


Cl ina. nati ny “Гы Least trans ہما‎ py nu he hueen theae quee 





— _ С Асал + 2. ho, 


zd Со, — 2 by, tE, | atm) — le L Усна + وة‎ Seon 
cq -234, 3Odfk lam) “Th Gcr] F 
EG le, w^ p о ft Gibb $ fuchou 
| E 3. = a О 
Wev = Seve + Z Jo,- J co, - 2 Fate) (24% lah ) e cv / cag 

Ce 
Ac cerdan; by i 
Co YY ES] i 


wh df {л 70-69. Ar 25 and nehne Abu the yh cea eA 
cfe + Cou "b "yap en мару p*eeecT onj 
52 


= 50,790 ei(0) ~ (-394,38) I 
Мс MAX 


value 


=. Brig X 


kuut (Cha ) 
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PROBLEM 13.79 | 
когоо осма O pera hr ۾‎ data are prov: ded fe a He / 0> fue | cell o£ steady st & - 
Fd, Determine fre младима on Боге tu cad Work thet Can he developed / (Р 
the cell operates Sot he rare lly at (&) BOK, Co) 400K, CC) 500 К, 


SCHEMATIC Û GIVEN DATA; m 
Wer j v uu 





— — — — — — 


i4, 0C ) 
T ilahen 


2. 

Ty lam p UTE 

C GT 

ASSUMP TIONS? Ci) The confrel volume Shown S at steady state. (2) Kinehe 
ond poteaha( energy effects are neslió, ble. cc) Heat transfer оссо, at the cell 
e кре Co lure, 

AWALYSIS 7 The cell reac pon (s ita ج‎ $05 — its O, —7 aud enfvepy 
lgalances vea d respeck veg _ 

os ёи _ we в (Кн, То, нощ JT lam) 


i — E 
en toys | J _ — 
O > Фитна + Сн, + 4A $9, — ST eo OG (a he ) е vere 
db 


Llun ns Qer Fomr + (4 ene ftt $$ (Om 
ГА 
T га s = pe r3 | ا‎ D dM 
- Е ho, — ہا‎ uev) 1 КУТ E (nu, 


— ‘nec Yen XK | nn we 
„л and 3 = SCT late) yond noting tet t~ 


E D 
[ч eenn Еее i5 Зак. Ce ef 2 entropy produc fim 


MIA + ie (he ДИ ба 4. | (on Je, al А 


T ou, * 44 So, = Pom 


2 
— о —O РА 
+4 So,” 82сы) | г) (1) 


(wee \ 


— d 


т EY Ping Заза) + [ah J 4, 4i ern = rf ty 
Eg. су us evalucotedad using fre followin д IT wd: 


T=300 //K 
р = 1.01325 // bar 


Wdot max = - һо Н20 + delh H2 + .5 * delh_O2 - delh_H20 - T * (so_H2 + .5 * so. O2 -so_H20) 
по H2O = h_T("H20",298.15) 
0 delh H2 = h T("H2",T) - h_T("H2",298.15) 
delh O22 h_T("O2",T) - һ Т("02",298.15) 
delh H20 = h T("H2O",T) - h_T("H20",298.15) 
so Н2 = s TP("H2",T,p) 
so O22 s TP("O2",T,p) 
so H20 = $ TP("H20",T,p) 


The results ove 
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PROBLEM 13.29 CCovdla.) 





T= 300K T= 400 K T= 500K 
lanl, (kJ/kmol) 53.39 2955 5877 
Ah]. o (kJ/kmol) 62.04 3449 6918 
[Ah],  (kJ/kmol) 54.36 3030 6094 
2 
l4 (kJ/kmol) -2.418E5 -2.418E5 -2.418E5 
f Ino 
s, (kJ/kmol-K) 130.7 139.1 145.6 
2 
5  (kJ/kmol-K) 188.9 198.7 206.4 
HO 
2 
A (kJ/kmol-K) 205.2 213.8 220.6 
2 
W 
E (kJ/kmol) 2.285E5 2.239E5 2.191E5 
пн 
2 тах 


AS V in¢reaces (Nev uy) мау de creases and ther 2-С со ист ^ ТУЕ: Мола. 
) | ШШЕ, ШЕ) 

:истед{ег. Ta Qnin cA) add«hene-A и> обес could loe d e veteyu d fre d^. 

heso Макси. Tha vea ок о ә еп bte Corr e Spend t to the case w huar 

thse heo Маил {ке ù vided Co а. reyes Power cp ha operating 

he twren the cetl at Hupelon T and He Surrounding af O: the 


Mer A Um со ооф 24 val | 
E x 2 (Qeli) 


data tor Hz. Data for Ha com be found in ha same source as Table 4-23. 
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PROBLEM 13.80 


KNOWN: At steady State a device tokes in liquid water ot 25°C plate with a was 


Flow rate of 5 kglh and produces Separate Streams of Чу and Oe , cachet 


25°С, latm. The device Operates 'Sothevwalla at asec. It (és clawed that o. 
power input of 16 KW fs regurred. 

FID: E valoele thes claim 

SCHEMATIC 2 GIVEN DATA: 









1225% 
Г 2 ос lat 
Haot4) ee SONS H20(4)7»? Hi «10; 
— и. Be asec; late Wey > = {4.6 KW 


إل — 


at steady ale Uo thy cM effet of iine ic and potent anaes (2) The 
device operates isother maily et asc. 


ANALYSIS: The plan is to calculate the vate Of ent py Production onthe 


hasis thet the ot en value fer Wev is Correcf- Thus, at Steady State an Qutreny rat. 
Valance reduces Q 


Os — 1 Smee], - [ Sh] — il Soe Ja + R 


úno e 
Tne hest tans rate con We evaluated Fr ow an e ergy rate balance at 
Steady shte: 
O= Qer - ало, = C ^u). =ч [hea], c) 


Y mo rm 


Combining 642.01) and (2) 


(б. ta.) а Wee LU, + ERST, n Checo) т 109, +4 Coa- Û Enote, $ 
HO "^uo 
€ecof the Wand € terms in фат ex pression is evaluated ot e 3*c, faf. Then, 
Si nee Ty = -39C and а = h- Ts 2 wt Can be rewe Hen as 


но 


T Tev \=- rd — KAR 1 (Fe), - Fro), јез latm) (?) 


Using М = 18.07. OH water, the molar flow rate of HO v4 


Ros Mia ФАА. сутто? weel 
M 1 8.01 «9/emof 


Accor dive ty | ‚ | 
Wey ` of [4.6 кд; ) |1600 Jh = - 236,757 єз 
Aro (0.221 «vol / А, ) Kk 


Trew wilh 40 ded fa Table A-257 


T ( Ser j: 256757 -( 0+4% —(-237, 180) | 


Nitto 
wow FZ eJ 
9 E vol (10) 
Ay Ts 20 tius iwplies Gev/ Мно <O Which Tt ік рост Ге. The value 
Clarmed ee Wey Cannot مو‎ Correct: snr ee 
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PROBLEM 13.9%! 


known’. Coat with a Specs [сед mass analy sig burns comp le te ly with the theoret'cok 
Gd n 4 arr. 


Емо: [5e {ау nune (a) Ho anem V v0. prodoced ر‎ (6) the aw фела Ye. To wm a, 
mass bates. Algo (с) Ho nummum thereat power A979 Urre d to Келе 
So, Vor +h. Cow bos ha pa duct VA, о. ppeca fied device, 

ACSUMOT(ONS d. 3-76 woles 4 Pa adis Уш e а Ja. Wole Oo wHo alr. Ma 
i< iwert. 2. Tho clean device о (or o Ves © Steady مە لوچ‎ тя-ос wi fw 


no ska çı ble Бас gare кке Hp ets . 3. cda.—2 1% [^ ^ apts Pr. 
SCHEMATIC LGI SN DATA: 
e 


Ci HALO, HUP BS (mass нен) (ente 
— 






COAL So, 


| 
<o», Co, H20, SE | 340K, la tva 


340K, latm X 






$ coa, i420, №, 
— 3406, late 


AeAcrí(S: On the basis of 100 Kg of Cool ر‎ the о ихе vvv Tt aT the, cubstunteo 


Prosent jc Enel, Ore 


ум, MS “Wit mi [мг 
C $$ (2 *33 _ 
н 6 | соо (2.33 C 4 GH + 0.25 04 0.07 N + 0.038) 
m ۴ id Eod eX (02 3.7602) ә ACO e Yl, t о S9» 
5 1 — $2 993 + [2644 9:0? TN, 
ж rounded іо nearest ім еле 








ee C: 7832 2B, H: Gz2Y, ¥= ر3‎ S; 0.03 = €, 
0: о.25 4 х= 2 (7-33) + З 4 20.03(3) X= 87887 


(a) The a wound 4 SO, o o3 krt рм 100 4 4 wad. US (eot 
М;о, > 64 


Miso, = (0.03 (64) = 0.0142 = 36502 ) 
| co 


ics C Ceo ) 


lo) Tre anvonty aiw required со (8.735) (4-16) icol par [СО 9و‎ 1 Coot. Aο. 


АЕ > GonyX430)00-947) 2 (2-00 €3 CM") 
тсс a Fg Ccooe ) 


(с) Referring t dur Ach o. equat va, f£» e. wat burn ro. f 4 03/5, Tha 
wolar £ سه‎ Actas 4 سا‎ Cen бо? h on OAL 


2 А, е. 
Based on a coal Dn rate of 10F9/S | < NEES Е 

| NM For the clean | | 
| coa o.733 — clevica tha. Т zb ea) 147 01698 

| | ic laf analyse т | .067. 
| Ha Ô 0.300 kwek | of ie сеш) H20 | 9.0694 o | 79 
| N, 2,284 биі aud outeon №, | 0. 7602. о. 760 7 
| PE Hs | Shea mt aret 4 
SO 0.0 Kite SO, 0.000 | == 


ni = 4320 ko / 


4 
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PROBLEM [3.91 ( Contd) 


An energy rate balance re duces at Steady state tc 
‘Than, {ааш «da. Sas Prin ci ples 
and ex hag с̧медилг 


An 


©з @ey-Wer 2,5 bh; - лен, 

apply ) the enthalpy femp Cancel because tHe Фи ring 

TAn е te pera ture, Accordingly М 
reduc ег 


are ot {ue m р 
entropy rate batance at $ fe ed. ct fe +p 


Q € [027 + [ Reo, Seo, CT, Gees p) + Ин, о S haD (T; Jee p) te YN, Spb Jez р) + Y so, Sga, (T; wAY p) 
T 
b 


4 
: ER A * p P d | - | : — | — 4 = A Sen а ЕА g~. 
С L irs S ec, (T, ges, Р) Y uio Sine CT Sup) np, Sy, 4». Р) | Nso, se, ¢ t) p) cv 


Е — еу Ci Pe. 
Catleching resultsgand using Eg 13.232 ST Yep) = S7 CTR Ee Ya F/ Pug 
VW 


and P = Pref 
су = To} Noo, ( -R ku Уса, ) Е ТРА (- 
Y cox 


‚ AT ^ Р, — к pon 
R 2 — + м, (- 6 e) + so, CR Pe is)" v] 
H20 z- 


— 


a ; | Af 
"X Wa VM ہی‎ PV LZ Db. Тоос ج‎ heat power tiny TE a Сази аә pon da G Tew 09 е The, with Y and y Vow 
олом е 
E T | 
| | | "ww | 0.7007 + 9,003.04 — 
W.. - —(#.314 KI Vege ps ws! Q4 0.1646 + 0.304 0.0693. 4 3,2194 d. ©” + б. 
£ ee | kel. E (sto е 2 о. (697 0. 0694 Onn с 
Ve, Ў TOL ES 
S 


== 70,2 KW 
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PROBLEM 123.82, 


KNOWN: An environment i3 Speerfied in wweh the jar phate obeys tthe ideal gas model 
Ет? : For each of several урос: тед tubstuuces, de hermine the Chewmrceal exergy. 
ASSUMPTIONIS: The environment consists of an ideal gat mivture Raving the following 


Analysis Environment 
Ty = 298.15 К (25°C), pọ = 1 atm 
Gas Phase: Component y* (%) 
М, 75.67 
О, 20.35 
H;O(g) 3.12 
CO; 0.03 
Other 0.83 


ANALYSIS! (a) Carbon: C-rOg — CO2. Eq. 13.36 tares the form- 


е. 
= — = — e d 
ES (9. + Зо, – Зо, уст m) + RTo In es 


Yeon 
Then, with 31 data from Table А- 2,57 
0. 2035 
e+. ( о+ o~ (-394,380) ) + (8-319 2az.ts) dn | PUT 


> 410,54! KJ Emel 


- 


Wiin M= 12. fom Table A-1 








es 410,54) . 34,212 KJ (a) 
I 
(v) MO drogen: Ha + io. — H20- Е 4. 13-36 takes the Torn 
суе Y^ 
SM. (G+ 5, - Sine) TP) + RT А [S 
Hzo 
Е A-25" 
Then, With 4; data fr ow T» ble » 
o0: 203 Y 
А Gly [© ] 
EH „ (o4 $(0)- 709,199) + (8-3 ats) — 
= 25у) 212 V*€J/kwel 
wita Ms 2.018 i 
= ili ا س ا‎ E 
е©\ IP 2 [16,557 kJ/kg 
2.018 


(су Methane: CHa t 20, -> CO, € 2H,O0. EG: 12.36 take: the form 


G)“ 
eh (Şen, + Jor T 4 co, ~ 2-9 но ] + R To £v. — 
2 


Then, with Ey date. frim Table A-25 (o —a 
AM, [-5o,140 + 29) - (299,390) - t 7228, yao) J + Вона) Lise ees 
= * 
= 50,174 ET [61 


with М2 16.04 


eC a 9301 шулук] هه‎ 00) 
lb. OF < 
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PROBLEM 13.€2 CContd-) 


с) Carbon Monoxide; CO + L ©, چ‎ Co, Е9. 13.88 takes the fo rin. 


act - =. FF Sou ~ соь )(т,р,) + f To n [EY ] 


Wi 34 data Grow Table А- 2,57 
L. (0.2035) 2035) ^ 
et ( (-137, sv) + 4 о) - (-244,380)) +C: 34) 02481) (6.0003 
= 225,36 4 t9/Ewe! 
With Mt 28.01 


eu 211364. 49367) يھ‎ &) 
2.0 f gi 
(е) Liquid Methane! : CHOH + Il. $04 — Со, + LeO 


by 
atts (Geuson + LF 40, — а eo, - 2 9 wzo J+ RT An [oes CRY 
)ي‎ 


"ووه 
(C 166,240 J+ eS (0) — (7344, 280) - 2(-228, узо) + (8.314) (248-15) Ln —— — x]‏ = 


> 116,641 [имо] 
With Mz 32.07 


eta Debt? . 22,360 ЕЧ 





pal (e) 
32007 
(£) N: wogen: W + Є q: 13.40 
etc ET. tu ( 5.) - (p.214) (242-111 La стат) = CALI e7/kwel 
With М2 29. 0 
e= All = 24.7 KI —— — —(q 
29.0! #9 ) 
(3) Oxy « e» М We Fk € 4. 13-40 
ECL Re & DE (31% Kaas.) & ( — «т ЕТ, 
wta Me 32 
tw 
е = ат... 123.3 eJ 
ne f (2) 


(e) Carbon dioxide. With Eq. 13.40 


€= Te u Te у (в.з atr) be (SE ) = 20,100 KI امسع/‎ 
Wriw Ms 44.0! 


eH- 20,108 = 4569 kJ[Írs 
44.01 


Thins лите) 
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PROBLEM 13.3% ( Contd-) 


(i) water. With Ед. 13.34 


ers (Sue) = Физо‹д у JUS Po) + RT, (е) 
widi 31 dete from Ta ele A-3230 


— E | = 9 к5[ куле] 
© Q9. (£237,180) = (-223,990)) + (8129417 e Fare ке 
lL Tus fs a negligi oa amowmt thet uwos ba ziro were the tebhe 
values fw j not rounded y suggesting that when ioc 7 каш чле 
et To) Po could also be inctuded within the environment with np inconsistency 
This point rs explored iw Problem 13.83, 


— — — — — 





PRoRLEM 13.8.3 





KNOWN. Ам env: rou went rs ресе fre d in Which there is о. gas phase — and a | Condensed 
water phase. 
Find: (4) Show teat the chewmrcal 


exe 
xer gy oc Caw, Сом be deter mined eS 


Ти а b\ = 
ec = là + (a + z) SO: ~ agco, 


— 


b. | = 
-z + RT, in | : 
2 H:O) 0 (y£o,)* 


(5) VUSing the anut M, part (a) ) nanet parts (о)- (€) 4 Paolo lem 13. $2 


ASSUMPTIONS: The environmen? consists of о. Gas phase obeying the rdeal gas model aud 
o condensed water phase: 








Environment 
To = 298.15 К (25°C), Po = 1 atm 
Condensed Phase: H;O(l) at To, po 


Condensed f hasy. оор 

Gas Phase: Component у“ (%) 
М, 75.67 
О, 20.35 
H;O 3.12 
CO; 0.03 
Other 0.83 


AMALYSIS: Thederivaton proceeds as in Sec. 13.6 


except we now think of dhe 
water formed in the ceil reac 


Won as being released G the environment as irqgurd water 
"Ti ` t : Ew = 
at ToPo. According gom Eqs, 13.30 throush 13.33 ^ uso ond Tua, refer D (74074 


water at To Ро. Then, 64. 13-34% epplres onl to tu ۵ EE 
Cq 13.37 phe folowing ex presse on 4 е © and COn ) giving in place of 


CH - - - ~‏ س 
e^ = [ he + (a+ 2) ho, —a hco, -& bine | Ст) -‏ 


Tol Se + (^+ 3) 5, -a о, - & Ture] CT A) + 
R To LR | оъ, yet 
(Yeon) 
— an- TS ass Can be exprest ed in the form indvcatded above under FIND, 


. = tH 
Thus, two expressions for è оге obtarned. One ts given by Eq 13.36: 





-CH |е CY a = LS 
e = (3r 4 (at 4) фо, — a 9co, — p dHotg) 1 CT, Po) + È To JA | Ut) e role 
The other ig tue result obfarned here: Ye.) (ae) 
Mn _ _ n _ e 240/4 
e. [арч (2+2) 90,- о©8со,- ® j ioc) | С Po) + т, Lu [ = | 
Ico} 
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PROBLEM 13.83 ( Condd -) 


А | СН . 
Upon comparison irt is evident that. the same numerieat value for EF" willl ka 
obtained Only f чє is specified So that 


9цго ¢9) + R To ba Чо = J inotel) 


or _ Е 
l4 Че о = 5$ polt) — 9 2019) 
R To 
where each of the G'S is evaltvated at То, Ро. Since %~ 2A9.1$ (€ and рт latm) Table 
A-L Ai vet -237,180 —(-229, r90) 
3 ln fuso Sad tI ЖО = ес ê : 


(98.318)(24$.1Y) 


ES qj vet, closely у Ч о = O.O8ULG wher departs from аке toble value only slightly 
owing to roundoff inthe values used for Be, 


(6) Using tr x LE part Са), Apost per t (a) - Cc) 2], TAoblew. 13. FZ 


ta) Carbon: C+ 02 > Cog, . The result of Part (a) totcos the form 





5“ = (cx $0, - G coL) + R To ly [ Go) ] 
— ta) 
ch 
Turis clearly іе: the same aniwer afin Prowlem 13,92 (ау: as 34,212 KT| кд. — 


Cb) Ha dye = Hy tt 0. H,O. Tue rem lt el partla) toker the for un 





| Ih. 
$^ (Smat in- Sut] + ЁТ C92 ) 
With Sip data from Table ALS 


л 
ё°%- Соз. } tol- C237,80)) + (3N (248-17) Ал (©2025) ) 


= 225,207 €3Ítwel 
Or With M= 2.018 





He [106,554 3/9 ت‎ A 
wlth vs in cellent agreement With the result of Pre bleu, 1S. $2(b) 
Се) Methane: CHa+ 20, > CO.424H,0. The уези! of port (a) takes 
the Poru- 
— — =ч. — е s 
QU (euet %I90.- со, - 2 3 Hole) | + @ т £. (48, ) 
Ww idt. ^ pr dada fee Table А: 2.57 
1. 
_ | (62087) 
EM a (Со, тео) 260) = (задо) ~ 2 (537,180) |+ (650 X292) tf 0.0003 ] 
= 830, Г KI / Кило) 
Or with Me 16.0 4 
EH = 51756 ЕЈ a o 
єў 


шл едд rx Хә result obtuned сы PAS blew. 13.22(c), 
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PROBLEM 13.84 


FIND: Showing all important ste ps, derive (a) E 5. 13.38, Cb) Eq. 15.39, 


(©) Eq. 18.40 ر‎ (d) Eq. 13.4la,b, (e) Eq 13.44 а, b. 


ANALYSIS: ca) EQ. 13.38, Paralleling the derivation of Sec.i3.6 


Consider this 
device operating at Steady State 





Work Co++ O, — CO; 
2 energy rate balance: 
^ 
Q - 
CO, ot sa NIV. x hee * А, 4,7 hco 

Ya. P. Neo Асо 2 

Co, їо j 

7 á entropy rate balance: 
— Environment م‎ * ii _ E " 

Б a SCHED 4 О = Qev/ hee + Sco(To) Pa) + $ So, СТ, Yo, Po) ¬ Sco, (To, Yeo, Po) 
— æ ې‎ — 
+ Sey 

Combining these two @qvations Асо 


P Т E" To Po) * i So, (Т Pol S со, (To, Soo, Р 
Wev 2 ] hen (To) +1 he, 0) - Reo, (Te) > - — To i Seol 9) Po) Oy ©) Yo, ers il 2 сог o$ 
و‎ me Tico 
The maximum value fw Wee) ^ co corre «ponds Jo the cate Uc, 3O, Then, using Eq. 3 34 
fw tne Se; «^d Seo, terms 


ZR. { hep (To) + i h o,o) - Kew) б,- To $ co (To, Ps) AX Sor (Te, R) - Sto, (Ty ES 


4 R To inf OY ] 


Yeo, 
Finally , oe, S:h-TE 


= (Feo * i94 - G cog) (Te, Po) + R To In [ Kee cul "] چچ‎ 





Co) Ед. 13.34, Consider this device operating at Steady Stade 


energy rate balance 
oz Oev uc 





+ Mao) 7 Vinota) 
Yi H0 Aho 


enNupy rate balance: 
о 


О Oev/ viuo + Smo) Т» Po) = ше) (Te, Ул Po) yA 
— * 





Collechng these iuo equa oS 


h T е 
(б ) > { huzol?) = ГТУ T - "Te ї S но (2) (To, A) — 5 وبي‎ ( C70 фо po)> 
Wao J MAY 


Using Eq. 13.34 fe The water vopor _ , 
(то Po) - Surotg) (т l? - R To dn Уно 


е = iu ce) idi 004) 1 ^ To \ ؟‎ 0 (4) 
Or with 42% м - TS 


"EE = „з == = 
eH [3,0 - ао) ә) + 87 Aff) 
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PROBLEM 13-54 C Contd. ) 


у Е 4. ($3.40 , Taking CO, ag an axawmple, consider this device operat'ng at 
Steady State 


energy vate balance: 


О > Qu - Wey zen е ioc Jas 
Vc Ме — — 
2O since ^ dapends on Т 
Alone and the teu pera ture 
($ To at inlet and exit 





© Environment of To) Po 2 E envoy rote balance : 0 
= — — r • Е = — e 
ae ag er о + Seyda „4 Seo, Сты Po) - Sco, СТ, dco, Po) ^. ЗА 
Tò Aco, 


Cow binin X4^ese ao е о ә. Non 


Wev = = To [ Sco, (Ty Po) - < co, (To, Фу, p) 
Woo, JMA 
Using Є. 13.34 
ec" C RU ч | 
: =, EC To [ S со› Сто, A) = Seo, (Te) Po) = r3 


© R Te Lun. ("че ) 


aff ———————————————————————————— 





a) &4. 13.4 lo, Fer each Component 4 of an rdeal $43 м iy Fave , concider e. cell 

ub t^ a passes et To Gnd the parh'al presture YW P, 
ё 

To ond the partral pressure Ys Po. 


ae. — 


into 
ani from whe 4 Cw at 


> > e 







тае Let 5 Enemy rate balance! 
+ wi в T ’ i ш 
' To : кее. Oz ee e (he Jin - Wi) gut 
x Component a ot To, Ye Po, ne u^ — — 
stat TNP jt го since Ў dependson T 
m4 Rime and the temperature 
“ environment - -7 Ff To at he inlet and exit 
ur "X eum - Entropy raie balance: 


e 
д> Qev IÀ. + $. (Te, Ys Po) -$,C9, 4f р) * y 


To ne 


Сомо wng there еол one 
(Se) eo -RL © (тоу) -En T IA h) 
Re Ллах 


Ок», Є9. 13-34 | fre CHOU Co еже 79 YG | | per mole ofa s 


aS م‎ |G; (Toy Po) - Ё Aen сүз (т; A) -E4-£) ] 
1 


c du XX 

= RT YF 
Summing oll such QM. ^ $ SONS fec the von «C hr, the &hewecodt exergy per 
mo le of uug fure v 


oca 


T 


US: 
AI 


“ E 
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PROBLEM 13.84 С Contd.) 
4.13.4160 : Сх pand + dt Last ery م $81 منم‎ 


e 
EN = is 
€ To pa ما ر را‎ JD + 2 324 (Rt. 2 (ye) 
"4 А ——— 
ei. (€ t: 13.40) 











A 


s Base = mq oe = 
2 3 








— — er 

















— = 





— — 


еу 4.137.442 . Rewrite Hu vndyhned terug E4133. онну, 
Tu holo ed ny ЖЫЛ inte Є. 12.43 ر‎ 4% € 3. 1%.44а, : 


od 
۰ „ 4 э 
Ww и 
е rev 





HHV CT, Po) = ToL: Te ~( ar R ) To, ~ 4 S œ,- b тые) 1% А) 











_с# CH b yz" ا‎ a, 
- - Lees + a ag + 2. ^ ногу T CatR jay eF- 


Eg 12449 : Using 9 (To, So) = т Cre, %)- To S Cro, So) , CF 13.43 be еро 


(E = (3c a саж 2 ` Qo, = a Feo, — b Qu2oCe) EOD 


Thon, = 13.428. le conse 


CH: ac ya” 2 (an ) a. — — 
ер = Leer 4 + 2 сом + ^. Hott) bs x 
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PRORLEM 13.857 


KNOWN. Data from Tables A- 25 and А—2& 
Find E U Sine Eq. 12.41, Че —— Хи Ao vd We lar Che معن‎ tab 
exergy. — Elku, fy la) NCGS), Ab) C3 He . 


ASSOMP TION: | Modat T of Table -26 Applres., 


AMAL TSS: 





МН», Cousidy TU neach cA 


NH3(g)+ Ž 02 —> tN,+ 3 HO Gn 
UP س‎ з naa € bh eA А E2 (3.4- 9- + kes feu foru 


— — eel 


сн - AS 3 = L — 
e = (с 335 7 23и, 2 {че фт») 


сы 3 —cH 3 a 
ог 


— 


+3e Nz +2 Stored 7 4. 
0 Wo it a's Фо. Tobe A-2.5 aud e's Fra TAR 4-26 (Каа) 


z^. [10,590 +2 (0) – $ (0)- 2 (-228,540) J 


— 


ICGOCCAO +02) (863 5)-(74) (3950) ] 


= 326,295 + 10,310 = 886,005 ez leno с CO) 


— 


This valua agao Vere ctosely wrth th Tebu B-L eu Yy, 


C3 Hg , Conse dw the pea cth 
Cs Hg + 502 —> 3COL+ 4 kO Са) 
For Hrs дле thm, Ea: \з.4- am Сес dw foru 


—CH 


“= [Senet 5 30,- 3%, -45u,0 ر‎ fo) + 3 Ec, + 4 8. m. rv 
Ay nm "(eb Ao 4-25 ^ ёс үа Tebts 4-26 ( [^o AT ) 
[-25,430 4 (S)(o) -( 3 344,380) -(4X-228,530) | + [C3)( 14, 175) - C4) (8,635) -G)G35oY] 


2,014, ООВ 315 = 2,131,325 ЕЗИ аар 


= cH 
е. 


\ 


— 


The value of ach for Н202 (4) (s net provided “м Table A-26. Neverta less, Soch 
Q^ calculated result would bea plausi ble value tv use, w the absence 4, 
othar informah m. 


‚ Here we ignore Hho ve ver ry Slight ¢ diffavence ln puscure of the hwo tables: Table A-23^ gives 
dete at laim whana Tabie A-26 ( Moda т) 5 leafed m 1۰01۹ atm. 
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PROBLEM 13.96 


рыр: Express the Claves ct Kerrie! of Feuset la) gacewus 


peces 


ner b сз (1 
® ep = = +914) ER ) 
س‎ haaa Ci} and C> LEE Can 5$ T FR an ACAV) з dU هګ‎ bos heating VoARQ . 
ASSUMPTION: Tho £a Vire ve w Veter med ао Problen 13.82 , 


eh 
AWALT SIS’ The required values ef € Can be evaluated +r ow. 
Eq. 13.36. Following the duscossros of Sec. 13.2.3, 


= h Рур» - L 1 
е MANN fae QU подо Ао hea) 
where fo kh rs evaluated at To Po. 


Fer егес fam l4 of hy dro carbons , Ci, €t, «nd €3 Can be obtained 
Srom these data using e com puter, together with suitable Software, 
Ex pressions having the form of G4. C) for fairly lavge for lies е} 
Gaseous and liquid ۸ا‎ gdrotarbons obtained tn thre Manner are 
presented ом e. n4 ( Problem 7-8 ) of dhe deyt? M.J. Moran, PIS 
Analy gus: A 6urde to Efficrent Energy Use ) AS ME PRESS, New York ) 
19685 à These Cx pressions ore determine d) however for а Shanty 
di еек t spec fies hon af the environment than descri bed i^ Problem 13.82. 








— — — — oo — 








Fo ere 


lL Ths ex o ssi ou provides о. plaus. ole means — І 
ес мла и e for he dro саг on — Vt Pret ye (xeu Xd مه‎ Ce. Hg 
fr weeured V عله‎ 4 fre | ocu іма Кл ^5 Vat , 








— 
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PROBLEM 13.87 
KNOWN: Na is at 200*F, dat, 

(D FIND: Dekrrwne ths spee phe Foui ехега y- unin la ) the environmeud 
of Problem 12.8 2, (6) date fran TLU A-226. 

ASSUMPTIONS: CC) Da is wodaeted ay án Ado, f gas. (2) Tho f t1 

е 

mohon and Gravi Ку cor le rgnoved, 

Азю АТ <<: 


% 


"Жл Ne фә eta у A dank S ^2 rele hos fr h and х, 65.13 47 b e cows 


2 LT) -hl%) — T (SUT) - <°(т) -RU E) + ef^ 


Wii aw d au ke Cc un Т e Re Pe КА OLOR, То = 537°, Р = q atm Arnel Pox (ofa 





е; |. 4585.9 - 3729.5 = sagt 47. ii dh 4.5.743 =l. аф bu 4] 











ч ee -a 
28.01 
= 5$.$4 8 + e^ 2, 

о 

ca) Evaluates өс retahve t Ths Environ men Ed Ол bleu. 17.92, vee 

64 12.40 
E Е EE 
کے‎ eas (de) > (LIE) eae (тут). 


> [оог BR 
ib 


So, С^ | ae A 


Ca 
et = 66.4Y Dh a — : | ) 
lb 














(wy Using dati. A-Z for Pa) 


{60.2 
-eH <I cH (+ اا 42442 ا‎ i а 
Moll: € = ско a = е: © € гз pus Ol 1b = 7.82 


болт. e. узе ЕЗ, ш, eft . G00 gy, )2 105 


So Ue ! Xv. va? 


Medal, €f- 65.66 Bh. 








Jis "ERA | (b) 


Meir. €. 66.94 E 








I^ any pechoalar Analogs? only one. environ wen ot Veeda o < Uo rat We 
used. 


Uwe 42 vere. + معا‎ å {ference between p, = Lahm и ёе GA o hfaa مہا‎ ng Eş. Ct) and ha 
Ta ble A-246 volue 4 Po f tds. 
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PROBLEM 13.88 
с оом t Water Vapor rs at 200°C, | ba r 
® Fin D3 De day wine ماج‎ рес с. سا‎ w exergy Ung (а) thee 
Qnvironpat Ч Paobleu (3.22 lat fron Tohto A- Zb 
ASSUMPTIONS: Ci) For quid Water hy htt), so ET). (2) the 
— мло К лл ^ Gravity Can Be ignore 
Equahm [3-47 ass vp h e Q2.) 


ABPALTS IS: 
ef = h-hh, = To (3-30) + е, 
U Sing Stea ma Toh Ls da tean ws ^o ALS Uv h ev C 
ch 
ег + QE 3- 104.94) - 24845 (7.174 03674) + € 


> $442 + ef^ = 


r 


Ca) Tva оа hng eO alati uo E e он P«el lec 13. 9 2, uge 
13.3 4 Ка ыы оо Яо СЕ Frown Toth А - 2.57 









































eil: 
= > = as 
а Ge - dw ou) СТ» P.) + VT. Ban EM 
= (2237,10) - 228, sqo) + Q.314) C249. r) & — 
= 4.4 У 
Er 
oc 
ef^: $4 0.57 Ел 
8. oz к 
This јаны м а Sille Gumpvut thet cout Se LS иаа очо © лоч ~ 90 
{betes data. Buo, сл ہا س‎ 0.00 of ute 
( 
у Using dab fre 7 A-26 f. th оС) 
— cH " 
I: - $S El © > cto EY lom АБУ EJ 
© Meier: eS TSS S c = 
> eU KJ == (t. 40 _ 44.9 WI 
T: . 900 £3. а - 4 = 
Med е. а — > е "or Ka 
Sv, ui tu vp) 
Mela: Apu (955607 кы es 7 
9 Moat @ = 644. ( єчїк) 
|. To d any pec Ansty ۳ ر‎ pur On е. Pc PNE vodet 
Share he uor d. 
between falan used w the ote 


L. We майы 4 ^s 
co cla hee mele Table А-6 volue 4 p, fr Meds Т. 


"Tha Mole T ond portla) v&Uo23 are мл ag Aad voc شاا ی‎ Ж pes utt о 


3. 
c oet “4% haç bo « 
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PROBLEM 13.89 


< ошо мч: An equi welar Vary ture d. Op and М, & eo 20°C, lath . 

0 ENDS De tey ила к-з the рее few exerg y ee) Ca) tha Vir poat 
Е" Олшем 13.32, th) dede fran Toeh A-26, 
ASSUMPTIONS. Ct) Th idant gas wad US appli ctl. CC) "Tg vore te 
еее т wo FH лл and grave hy 





AwALTUS With assuwph m(t); Equathm 13.47 Ee cows 


ег = h- ho — To CS—So) * eck (1) 
Using ideal gas mixture principles 


hehe -Tot -50)> [ Yo, (WoT) -Ron (Ть)) + Ум hos, (Т) - hu, 0) ] 


-T | Ҹо, ( 5° (т) 52 (т) ~R in S&P ) + yy ($5 (1-89 Co) -R ln AP) 
f єк SF) = а) За, кыы We xt 
Sua pap the in derms drop out, leaving 
лыо). Чә, Royer) Пота) + эы, Chana) = КТ) 
-ч Ù чо CIE т) = 35, (ть) ) + онь (Зр, Ст) - 35,0821] 
“Thorn | суа FH Yor. = Ою, = о. ү aud A dent Sac forthe cla fa 
T-Re~Telt-8e) = о.в |52 -@66ау- 298 L 190.009- —R + 1(9533- eva) 
-248[204.5;- 208.03] | 
2 Al KIfkmol t) 
The wiyhare molecular warght ut 
Mz go Мо, + Yu, Ma, 2 OSLI24 28.017) = 30.01 (3) 
Св ) Ev alu a hung ack vela dva LE | froblew 13.82, using 
€ 4. ‘3.412. 


= ён Joa. Ум 
e's ЁТ L Yo, \ ج‎ + Ju. i4 >] 
J0, Jn 


Wilh Yon Vu = £ amd Jt. usd d Sou. frou the tehle of Problem. 12. 82. 
EE (6214 Maas (0S) ( bn 2E + WAS Da coos KI (а) 
бз 6.7567 Kimo | 
Thon, ute Eqe2-4, Єў! ques 


Ф 660.3 
е а 2.6 + “> ЮЦ 
Ө 


40.01 





(a | 


(о) Using dad. fran Тоба А-26 and CG: 13:41 b 
—cH — 
os ox as А Шы бн. + f fo ( 9o, A Jo, * эю». do. dia.) 
e due el а c dd (3.814 (24 #15) J^ 0:5 TO 
— (713.2 KT [e 
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PROBLEM 13.84 (Conttuued) 


Modas T: poU. ысу у= 
® ect = 34ay50€ca3[rw- ja 
* о. (39D 4+ 640) = 229г ЕЗ 
[cot 


— C. — Co 
ep, 2 Gto e3l 


Meda ou "T б.у ( $5, + Ep.) = А 
= 32 = TE 
eo, = 3 et t o.s (3490 +720) = 2347 £2 
-cH 720 69| Kune 
ёк» - 
t 


Thus, Co vera e e Моа Aso ULN tw 1 Tr €2s. Ci (93; 032,08) 








(Mo bal: 
ef= a6 + Gaay-'7!$?) - \аз KI 
3 о.о a 
Mio dat Т: 
е, зе (ZITTI > abo وع‎ 
$0.01 a»! 
|. pur as per calor ۵ شوہ‎ С, mit, me € uVirau me 
Used. 
2. — appli aha d] ChE АХ cot exersy ty th. ab Cos фуу ما‎ oda 
f 
35 


W а ie vna H 


Po = la ha ured w ле oft 
Ca сал du are 


and Je» Tatte ۸-26 мода. of Po fe edet T. 
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PROBLEM 1390 


KMOWN. A waxtare 4° CHa and ISO% of t«crelve-t air is under consideyahon. 


FInd: Deternune the трет c flew exergy — la) thre environ mant 4 
` Pro blew, 13. 22, Cb) de +e Kenn Teta A- -26. 


Figure for Part (а) : 


Counter part of figure ый 4 
for tha present case ; 














CH4, To gi Pe 
M x ture ef Уна Р, 4.0, Te 
Cika and bz, To " ) 

[5040 of Yoo Р» Yio fo 
{hevre no Gir Nz, To Or, Te 
at fv б, Y». Je. Р, 
fu E ae To 
dí, & 


Heat trausfear wrth the 
envirorment el to 


ASSUMPTIONS: U) Ta evatuafing THE chor ced exergy у the «detl za hous of SEC 13.6 
apply . (1) The effect S uwha and 904 vit, Cem © i géored (3) Tda,—? gas priv ciples 
appl. 

ANALYSIS: (0) Tha plan is to parallel the development 1 Sec. 13.8 

Thre cell тек ол is (4.13.8) 





Cua + BOy > Cos + 21420 + о, 


Tha wole Frachons 1 fee ул БА е 4 CH, Ошу Na ana 





p — -= Ж * — “= -— il. 28 м, 7 >? 
Усна — 0: 0634, Yo, ~ ine ? 0.1963, Yu, = = -06.772 
Ал energy rate brlance re дәсе: © ; 

^ сц hena Tee ) ‘ ge D 


or 
i — — 
Wev — — — ee NP "NT ! 
> Qv 4 C “chaga? ho, + Ute em 5 C heot lh mo thoy eig ue} G) 
— усна ` : 


An eaten л АХА і «lance read ¢ 


Q- Aw. — + Se (то, уна Ь) + 3 S, (To, Joa Po) +125 5м, To, Yu. 2 
о 


(5.0, (т, ч uw © р) + 2 Shel To, Fio р, ) + So, 7o, Yo, Р) +28 Sp, Сї, Уу, р)| 
++ Tul Yî cna 
tAsing СЯ 13.34) а: «pp repria f e— 
‹ — i ро Каи f m | ; 4 = FT -— D Le 90; 
Ow T [Е (Te, 2) AR D dct, ) ЗГ So, C fo) A] - B 4- e) + 1.25 ( Sp, Cro, А J ie ) 
— l So CT A) - # бе Tee J = Со, б) - -R 244) 
C, fy) - - RJ^ des, | soper re — 


2 
poa vM ner е To а heng С ) 


Co ved ea ng Egs U), (2) 2) ues Te. coun b par t to v4. I $e, 
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PROBLEM 13.40 С Contd. ) 


с = | Í cua + % до, Li ua o, ^7 Foo, —29нго — So, = ug p, Cs 2) 


| — 
+ ет, — Ju, E 
deo, (Sio) So, L ju, 





ل 
Since To = 77°F, R=l ahan, tHe z's Ca^ Ba read directly Fron Table A- 30E‏ 
According, — — | М‏ 
e c [-24, $60 + 3(0) – ( -te9, Go ) -IC - 98,350) -()1*‏ 

| SA3 11.25 

0.065 ‚19 3 

Ове ала e. — 
(©. 0003)( 0.8312)* (о. 2085) | O 7567 
Ф = 344820 + 4324 = 953 849% Bh 


(a 
| oet (CHy J а= 00) 


Sinan d wu re b ong Т | | 
AU Xe deu ай Tay Po в Ve ad eec hy 1 Veoh on (gla, Con he 
t6 “оге d J Ys va her 13.47. ге со. ty ay = ace 


Ch) For wee wrth data Ln. Tolto A-26 , Eq. 3.410 may be invoiced • 


— CH сн 
© = dee Coy + YJ °2 


Ywa] 
Fua А а Лала А dar w rS ee cs ~ 


иил ا‎ wee FE — ې‎ — — — 


2 (8.314)(298.18) È 0-065 4 040-054) + 0.1903 Ал (0.1963) 4 0-73 t1 Lu (0.7782) } 
=z — 789.8 ي‎ 


Юмо hey) ` 


So 





-Ch . с" -CH ICH E d 

at | 0.73%) € — 1789. % 

(à е - (6. 66 S4) Ceng + © (463) €. + ( ) в, — 
Modat T: 


p (о.о 824,350) + ©: 1463 (39 0) + (073 һ)(с40) - 1787.8 


S337! KI / къо Cvs) 
Or, ona par ийе of CHa hast, 


T 


= cH - ез | 
59. S3371 17/a) _ «азы ызы) = aoet В. 
0-O6SY¥ Kmel(CHq) / kret (kX ) J | eet Cb) 
id. — —— 
Мол Т: Са 3 54,34 Bi«/ шы (сн) 


— — — 








s ů ee (e p rere re — — 


|. The term involving Gibbs funchone account fr ov 93%, dieto. 





2. By comparing tis calecalahen tothe оу Чауса tea <] part la), Ure 
See the Aoc x ve siw ieta 74 USAS Standard c Моил cs 0 легал e, 
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PROBLEM 15.91 


KNOWN i A mix ture having n Analy Sis On ^ hwiav basic { 85% dry Gir, IS 25 Cok 


enters a device at 25°С, аы, 250 ил [5 aw. FN € masg flow rake el [.0к9/7. 
FInd: De terne des rate that exer 
— 3. 32 Ce) data fu, "Ti ble A-26. 


SCHEMATIC ? бїз DATA! 


en deri using (a) T bg environmen t 1 Peo bletu 


work 










Figure fw pert(a)i 
1 | Counterpart of Fig. 13.4. 
i В 


I LES A dryair, OF cof Nix fave a ee с. P, 
— T*7 12580, l latm 2 SD ft ef Oz , Ney Yes Ро 
і wmz f ка С CO at Oz, To 
— — / Toj Pp us Po Oz, To 
‘ny To we 
| is vf 
Mei y hare anl sigs 
TE 
yo,- O.$s(0.21) = 0.1785 Pi) To 
Ұю, = o.8y (0,74 )* 0. 6715 du. f 


Yao = Q. (5 
eat haus fr with the 
environment at To 


ASSUMPTIONS: (1) ТА evaluating the chen cal .exerga ` the (dealigahoas of Sec. 13.6 | 


apply. (2) Dry air is nedeled «о 9475 Or, 2975 V, + (3) The effect of gravity Can Bt 
ignored. (4 Ident gas principles apple. 


— 





= cH 
ec = h-h,- Tols - 1) А Y- + a 


e — — — — — тюм 
whore dw» „иф! d aloe v Аа + ہب رسہ عا‎ ec ha cat сои з юу“ ол у Ef. бал. 
a. per Knol 1, vg ture basrs 


[9n = [2,15 C hco (398k) - Weg (29¢k)] + O.&7iY Скр, (8€) -h e, C85)] + o 85 [hg (148) DAC SI) 
2 
— 248 [ous ( 59 (200) - 590296) RRS ) c отт Tp, AFH Sh 248) - @4- £) 


— | — ~ . - 2. 
x 0. 08y C&S, (298)- р (9) - € 45 BY M Y 
tu эда M denotes ые way rare veo UO el av toevralt: 
М = (о. 1785) (32) 4 6.6717 YX28.01) a (олу)( 8.01) = 28.71. 
Thon, wha wate Ae nr Ax dat 3 مه‎ tables 


| 7 : yCitrest-$ 23 ] 
“FSI = goth] тъ 0:782 Crest - 86 
er z[o««C See - #664 Jt 0.671 (ssi - #661] 


— Е - ¢ im £, 2.1 
S (200.4% 197.94 = FY P^ = И a J 
-»48| о .! 26 NV. سه‎ а — + / 











"EC. i KJ 
0.21 + 87S | 25% A RAR N z| m 
+ Ò rey 213.6( — 20$. "3 pue: 09 ] VEU вика А. каму IN m 


а А еы А siy) 
zr. - ay(2.27:$) + O: ы?! (2:2 
| 4a Ay[?41714 o8 Ce ]] »4v( o 
= fous [atie] + о ьт 1 | 


i BECO J з 


a DIEGO EL. Se 
Кила (rox ) 


Or | 
ep 3:40 = [09.3 EL 
29.71. 05-6 
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PROBLEM (13.40 C Continusd ) 
да eA VR tz the CRF OMe Fo bleu. 


(a) To fad the c bo we ممت‎ exergy 
13.82, a - parallels th. ong ёшлрбо u fec ./3.6 
(e$ used. The cett neach i со + 1 о, دہ‎ COs: Accerdin fer every Lele 
a kare | О: 15 roles t| Со enterstre сейл and Ma cts Mir cane 0.۰ 07 F vol«a 
و‎ J DIS Wales y COS . Arena, balance Ort corer ade 
из, | 


, lous h heo t O° 285 ho, eos e WU [ous hee, + O: озу ho, +0: 


) + OOTUS S p, Ur, ую, Ro) J 


Oe Ow - Wey 
Amey Max 
fev entropy Deana reads 
О + Qv [rmy + Con Sco ( Te, Yeo Po ) + 0,783 Sol 7%, Yo, Po 


“Toe 
fo. is See, СФ, YS, Pp) + O: 1035S &o, CTo 4 P) + О. РЫС SCF, Әр, ЭЕ Te 
Уи: х 


Using 64 i3 134 as Cyopropr ate 
Qu/Amx 2 ois ( Sco CTo, Po) ~R be Yee J + 0.1785 C So, (To, o) - R 2-9. ) - 0.6715 C Su, Uo R)- R 25м, JT 


7: 
"e Со, if [5ш (7, №) = e La — + 0.105) (So, ( %, Py) - RLY ) + O.611Y (Su. (7, й)- ,مم‎ Y] 
+ Cy) Каз 


Combining thee Asovl tl Gives the cova tr part to Єз 13:26 


ESI = _ _ | _ К. 
¬ Odoy УСУ + 0.671 dn 29, | 





gy. 





= OWL Ge «4 34-9o, J Со, Po) + To | o (i$ ak ) +0. "m + 0178 уй Ја, 
Coe Ji. 
с - 0.03 yDo фр, | 


Since To > 25% Р, = daha) ths g's co. be read directia fro i Fable A-25 
According , Tu. Chg hai СА exersy | par krole 2]. bye Pere Lj 

zc то) +4(0) - 544,282) | 
ois [C i ) +40) ~ 0-344, 


oS = 
+ (9.314 X248) ‘he is be ( — 215) + 0.6715 Un( 8-673 e75, (+ 175S Ln OS) — 
0.0003 0.7567 | : 
0. 103 7 La (0.2835) | 


= 40, 342 KI / кок) 


Or on e varus ы базе: 


є“ = 49,342 . 4047 EJ. 
2.72 Kg Cie) 
p COn ә, hu fr me 


Adding ha Opt and & 
= [Sid FJ / ko 


© | = = 10% - 3 + 1404.7 = 
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PEoBLEM 13.41 C Continued ) 


(0) fnr uae wh. data fra 7600 A726, Eg. 13-41 may be invoked 


— CH 
© = 


—cH — 
= YeooS%, + do. о, t Jha ey, + Е Yeo dn Yeu + Yo La Yo, + Ju, Da u,] 
Tuo ои Фе пка form 
= (8.314248. | | 


олау OSH OTE An. 0.1785 + O: 6TIS дл 0 ь7/5 ] 
- -21%30.8 kIT 





kmol Crux ) 
So 
B am _ 2130.8 
e М a F Г" * 
(3) Q oar Eeg + 5 Co, + обіг © 
-Cr 
e 


. ais ( 263,410) + 0.1799 (34 


= 349416 ۴ Tense Cozy ) 


CE uu 
Cu 7 


sv) a o.o71y( Cto) - 2130: М 


Ov 





325409 _ 


1372.4 £I 
ZIV 


Eo се (uuig) 


“The, SUM 4 


= 09.3 41372. 4= 1477 9 
er Lot ey 

Fw a Wass eI reals 
r | ФА 
Eg? 1431-7 АГ — — —. а 

Medi П 

SH - 40326 clic ` 

e". 1404.1 e TLE TS 

: 4ки/ = - 

2 mm ISIB ТЕ 

Ep = 

















|. The term involving ©: bbe fuuchms aeeeyutr a — q S/o e) te SUM. 
з. Ta e реалка ору ehon, fr. chau cat Contr ہے ہل ں ظط‎ Svo eg 
2 


By Mi udi е ¢ Cal ect lahe 4+ FU, Cow $i y a dh owo 
we fer 


* Park Са), 
(Co pel, tye гор! ге, {Жа SEa n dard Che nai co 
косу eS. 
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PROBLEM 13.439. 


KNOWN: An SNG Stream is flowing at 77°F) latim. The mass flowrates of THE 
Components are specified 

Fred: Determine dhe flow Cxersy vate. 

SCHEMATIC T GIVEN DATA: 


ae er ee‏ ي 


| | 


—— SNG sive 77°F, latm 


І А Ma 
ا‎ Сид 424,684 Wel 


Na 3,741 н 
Ha $76 te 

ч 

но 60 " 


ASSUMPTIONS. (1) The SHG SWean can be modeled as an deal gas (2) The 
effects of moion ang grant) Can ha neglected. (3) The environment sS 
described in Problem 13.82. 

AmALTSIS: Since the Streams at 77°F, late the thermo mechauccal Contvibuh'oA 
to tne flow exergy vanishes ) leaving only the Cheuwced Contriiovhon., Thus 


hg e -— СН 
Ep L й ©; 
= cH 


where My istae molar flow rate of component a and & rs its chemrea exerdy. 
For Cor, M4, HaO , whch Appear гт the «луги ment, 
— | 
> = АТ Wn Зу (1) 
чё | 
(See Problem 13.840 for elaboration.) As Carbon woenexiide does not appear inthe, 
envirvument itt con № ротой 15 


e» GU 


e со = (Se + 4 3o; - Feos Ст Po) + E T, ln — J 


= (5+ ‡ Jo, - 9 co, ) (To, Po ) + R Te Се ; + ЁЛ» tn Yeo о) 


со а 


(See Sec 3.6 frdiswssim) Witndeata fran Teh A-25E 


g^ = 119,394 + ЖТ Ам to C5) 


Gl 
tomet CCo) 
umere усо ig the mole frachion of CO tn the SNG Shream. Goth tiwlar reasoning 





— C5 Sh». 5 Т, 
Eu = 101) 122. bet Ch) R To de Чн, се) 
Sa: 35% ГУ ы C5) 


The required molar flour fates and wole frachions are obtained 
virngthe mace flow fate date provida d: 





4 M- А04) yam АИА 
C 104 26786.18 о. 47680 
с 440| 2.06.6] о. 00753 
Ne, 28-0] 133. 56 о. 60487 
Hi 2.08 2 $5. Ч? o. 61 041 
co  2$85| 7.28 0.00027 
HO 18.02 3.33 0.000 12, 


{з - ud 


PROBLEM !3 42 (Contd. ) 


Using Known data, E£e.C) gives the following for Co, , №) Ha о 


= .0075 
6 o. = ((486)6537) In с; 


— Т 3437 Sie / [hot (C02) 
0.000 3 


69 = Qaes?) n 0.00487 > узе Bis] ме! CHa) 


o. Ty 6? 
cH 

- _ o.oo01i2 . _ а el CH 
Sung = 98) 0537) In See = e 3475 Btw //omol (Hao) 

Alsv, Eas. (з) (4) aud CS) ive the олг for со, 42, СН 

) © Ам 3 4 
ا‎ = UB, BRN + ) 6 037) Ln (0. 09027) = 109,621 Rh (Ішло (CO) 
= Btu/lbmol CH 
e^, = 1004024 (Late 7) ds 62:01041) 2 «6,253 SW +) 
2 


> (^el CCH«4) 
3 0.4 66) 2 35 1,223 8 
€ сүт 256, 408 + (4.486 527) hn (0.4^ G h 


Tn Summary 


| ES (i; ef") каг (BIVA ) 
0 uae — 
CHa «4 TOO. 
со, 7 
Mi | -7 
He a75 
CO 8 
d. O — 
45-885 
Accordingly ) Ée = 45,885 Kios Ві /А US SSE EE ESSA SESS 
|. Tha CH4 Contr: buh охл Clearly deco actes р 
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PRoSLEM 13.93 
Known: С at 25°C, lab enters an insulated reactor and burne _— 
berth thea thaore dv Co aneount of eg en bring ot Q9C| laf, 
Find: DMelyuune C^) ths eX ег Leshucho , and СЬ! eva lvo. an 
€reraetic e FP etence | 


SCHEMATIC { GWEN DATA: 





С. А РЕР 
2$°‹ ) laim К 


theo.air _ 2 1 Paoducts 


2.59С, lar. — — 
3t Lax 


ASSUMPTIONS: (1) The control volume shown ѓи the acco wpanging figure 
operate: ot Steady state with Qey = Wey 20 and Negligible Kinehie and 
poten al energy effects. (2) 3-76 moles of Ma accompany each mole of % 
in the awr. Mais enert. (3) The combustion air and Com bus h'on products 


Can he modeled as ideal gases. (4) The environment С; described in 


Problem 13-2. (5 ) The combushon air enters at the cond: дл ofthe environmen Ё. (6) 
The products exit at | atw. 


ANALYSIS’. As o first Step, an energy rate balance г applred to dedermi'ne the 
temperature of the products { the reaction 


C+ 0, +3.70N2 —» COo+ 3.76 N, 
That is, 


‚ © о 
Oz ue - Wiad + Ge), + Lho, +2767], -Uheo, 42265 p. le 
Then, with Wa 14 ЗАЎ jand монм that hf 20 for C, Na,aud Oz 
-9 - - T L 
os (Fees ap. холе) ] $376 Б C3) ола), 


or 
With data from Table А. 23 


heo, (Tp) + 3-76 hats) = - [ -393, sao - 4364] + 376 [2664]. = 435, V1 => 13 2 t60K. 


co) In this case. where there v5 no heat trans far or work, pha — 
Xt yer Carried as 
of exe dastvuch m ы tha dopo between 99 
es x fuel and th ax ergy copied out vcre. tt С азил lo г о products + 
Ёр = Єр - E products 
O Aiso note Gb Ика соил роў и air enters at the Cove h my Fe елли мулла, and 
Wus with wo өксү 
Ac tw fue | enters e 25°С, Lahm ىفا ر‎ ы wo dtr yero wre chore cok contr bubim , 


The Sae DA the poodeck Can be evalo oca d us na E9 -13.4F. S. 


Co, and Vy — f^ ent „Яз Laa Viro Want ر‎ & 4.13. 4. Lo. lan عط‎ 
Uu ge d tw obiman ect баз, with ١ لمملا‎ g صه‎ o и сео le > 
E products 


NUR Lh (2460) – 0942) J] со, + 3-76f (2460) – (аят), 


Е Te iC 32460) - Sol) -R ln vera J + 576 (5p, (2460) - 55, Uag) -R ін Ума P 1 


соз FO Ую, Ро 
‘Seo К, А) 
+f RT C 1 b. x5. + 376 bn rox 
2 
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PReBLEM 13-93( Contd.) 
Sen р> Po, Jia log te rire dro р ow. Pheu, wit date fran TAU A - 3.3 


Брес ош | ] 128, 833-4364) + 3:26( 81, 515-8667 ) -24%{ i (32). 97M = 213-68} + $36[ 259.480- 
no 


4.52] Û a&:40an[| ! ta tze) 4 3-36 47 | 
*090 


90-7367 
= 301,612 *3[kwelCC) 


Ths келел eed dso уус ow per veut nele v Carbon vc 


Ed | 541 - 301 = 108 42а ЕЈ 
oe 301, 611. y, 1 06) — — — 


Сь Poa. Сета ef en С ew la writen as 














© ex E —— aa S01, ы au = 0.4327 (73.5%) <_< 
Er 4io, I 
e The wt Chap. 13 Combushm air v3 млода \ә4 go a binav4 Muy ture ° 
4440, | 2% Öz . Ах X^ wo le fach e eere leer fisted a 
Vo blew 13.02 fn- Nz and Ох, O (Pv LA, vn р evo Vole {Сә — 2 


the Cewbost^A air Can he — Col eus d ои 69.13. 412. у 4t 
з $414 FJ| емсс). 


2. Cowbushm 0 a ох ду cant wure: 1 T, reves ty | 


12 -122_ 


PROBLEM 13,44 


KNOWN: Steady State о реса ид data Are Provided for cA furnace. fue lad by 
propane ges. 


Freed Com pare + ка rate of 


ехесдч. ` 
From the furnace 


transfer € СС apan heat traus fer 







| wth the rate ef, ers desty uch on 
Qe i than the furnace А 
SCHEMATIC È GIVEN DATA: 
zd edo ae ee Qd 
ЗН {с oo To = 248 €. 
CaHy — 25*,labw —— un 
AST 2 Q.O3 mî nakin | 
дос Yo th | Олово с 
e Te ee er Ы 
ait 25%, lath | $vor, ід fw 


ASSUMPTIONS: Ci) The Contvel Volume shown ih the figure Operates at Steady 
State w: fh Wey to and negli gible kene he / peten had energy effects. (2) 3-76 
Uno les T inert, M. e CLOM pany «x C l^ vole of o, ua. te Com bu S$ hon ait (3) 


le fuel, 
Gir , And CoOmbesh on Products CaN De ихе еч — Gases, (+) For the environment, 
To = 248K | 
EATS 


{he balanced reechon €5 vahon for Соил pte Fe Courbushon of Ces HF 
iw. th 200 af of -+ he росе H caf o мд ол Ё 7 Gip is 
C4 Hg 1000, 43.76 ba.) — 3Co, + 4 Hot 50, +37 6 А 
Án e иу rate balance for the. Furnace read f 


O= @ у C» tioko, t 376 Dro - ( 3h co, + 4 дао She +376 bw. ) 
V tae Û 


NO. Fe [e Wa eh j an d date Le oma Tobe A-25 


Qv - з Chet 20] с, + 4 Cig + Sb fmo e sos, ie dE = 
fue l 


- 
— 


— 
3(-3 93,204 7678 - 4364) ] +4[ -241,820 + C («528 - 2204) J 


as sf (4720 ~&LfFL] +376 ( ‹4, s$/-8662] — (- 403, 83v) 


= = 1,738, G2. | eJ gest ( fret) 
| wo AX » 
LAS fire c Gea geis e4 ve ficia of State; ti Cuel mo le fte 


х (о, 63 ie Т? x) (1. 022j xi? YA 
A) = e кашаа 
= 


8 2) = 0.00123 Ert (ft) 
fuel 7 ($ 4 ык Ы e = 248K) 


So, i \ 2 — 
Rev: - (1,739,621): 0023 ) = - 21385 ET 


duxi E 6 
Tha acco pey) exec , vans پ‎ toan 
Rate eyer ша ja Oey 
242 _ ge ` 
n ae [t 23855 | 


=- 364 KI 


ہ ہد 
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PEogLEM 13.94 Contd) 


The rate tror dostucho Can бе found ih terms of the entropy production sat as 


Ey = т — The € «teo py po cochon rate is Obtained fein an Qn tropy balance: 


R [ойы jam) lah. 
(us СЫЛ = "Sha (Heb p ) + lo $,,048,021p) + 1210278, 008p ). — 
I 
L3 Sco, (Sock, dec. p) 4 4 Vas C Seek, унер) + 5 So, (Seek, Yo, p) 
+376 Sp (Seok, Vk, p) J + Fev / Apud 
Reactant’: 


S fuel (2K, l4 La = 264.451 tJ leet K 
So, (246, 0.21р\: 5°(24#) - 5020.21 = 205.02 - 8, 714M lO) = 209.01 
Жы, (248, 0.72 p) = ALS — E.14 La (0.74 = (42.46 


Products | 6o i 3/44. C. ر‎ do; = S/44.6, Ditee > 4/44.6 Ол, 3746/4 9.0 


© 


Teo, ( SUC) Keon p) = Sco, CS ) ae Ao Jeo, = 34 814 — §.314 А. (7/496) = РУу9.{4КЕ/ 


j | | == Kimo K 
Suo (5, Wes р) х 206. V3 — ВЧ Pes (4/49) = 22735 


ъло. ва 8.714 0.050) 7 239-67 


206.63 — 9:314 L (524/49. 6)7 201.53 


So, C УКУ, Өг, p) Б 
<р, (9%, Ip, p = 


ек Беу 3 Asta Asha, 


Ja ser tins Values in to thse 


Qs = 71621 eei FD , „сар + 10 (208.01) + 1. (113.6 J - 


55) К | Pe 
T — з (ув, 14 )- 4 Gans?) =< (210:690 = 37.6643) + — 
D фу. 4441 KT camel (foal) 
Mae! d 
| ареал) Маі EJ 
> Еа = (баак \( 28v 10 c P вл) 
= 1046 + | 
Илл 4 
ЖЛЕ УЛТ 4 ergy trans fy and Adesh u chm, we get 
Es „ lete |4 (х2) 
| Eel $64. 
«E —— 
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PROBLEM 13.457 


Known: Steady-state operahns dade ore provida d £o anal gasification 
reactor malins use JG Carb - S62 и. Cof, 

Elud: Dæ va. par [b nao | of Carbon entering (a) the Кро: мо elac Trè cok 
mpat, Ce) Ah, — r$ en ying with dq Ce ch сул | C) thee ter Entering 
with tre Sten j C4 ) The nc ann e^ à hng Len ha dt (re duct 29 Andle) {a 
егам Фя хус лл. 


SCHEMATIC t GIVEN DATA: 
electrical VA but 










C C+ U2$ H20(4) —» CO +H, +0.25 H20(9) 
ce Pasduct 
Gas 
Steam о 
cours late е 


— = eee. A — ee am — è 


ASSUMP TIONS: Ct) The control volume Shown in the accompany ing figure. 
Operates at steady state with фе, 20 and negl isible e fects of кке aud 
potes NeV energy” (2) The combushon product Can be modeled as Gu deal 
qa мих мге. (3) The Envitdnwmen?d i's deserbed in Problem 13 82 


AWALTSIS: (е) An energy rate balance reduces at Steady Stole -to 


а 0 ‚ 
0 : 4 - I! + Ge), + hune), = ( К со bu, + ew huo) 
Noting о (hae) = he x 17°F, 4 am) = ©, ond Using VT 4o evaluate the 
oer enthapy values, Wey / v, is found as follows + 


TO=77 °F 
pO = 1 // atm 
Т2 = 600 / °F 
p2 = 1 //atm 
ТЗ = 1700 // °F 
p3 = 1 //atm 


о iT result: 

ПН20 inh T('H2O",T2) | | | 
hCO_out = h T(CO",T3) W,, / e = - 7.848 x 10^ Btu/Ibmol (C) (4) Wev / ^c | 
hH2_out = h_T("H2",T3) 

hH20_out = h_T("H20",T3) 


ndotC = 1 
Wdotcv = ndotC * (hC. in + 1.25 * hH20_in - (CO out + hH2 out + 0.25 * hH2O out)) 


(b) Suce We carbon evtevs a To, p, , there is Wo thermomechanical Cove aco. 
qhe chemical exevay has been evaluated m Prob. 12,62 a: €" = 176,500. \ 
Btu/thmel Ce) , where the units Weve been converted fromSt no íb 
to English units. | 
(c) T^ yd of the entering sam i given оч G9.13-%F. liv ever) 
Since waler 2 e haurd at To) R the. Cla Vau ceat tw "Nm rebhve 
bo Ad Qwuvionment of Po blow, (3.82. rs zevo ( foc ЧА ره‎ $91 (v ر‎ ALA Pawb lena- 
3- €2(4).) Thus, witan Steam D] а Laia g —— he 25 С) Sx Sel), we gat- 


(ec), = (n,-n,) - To l 5- $e) = (1325.2 - 45.1) -S3 7.9727 —0.0877:) 
= 277.34 Bh/tb ( team) 
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PROBLEM 13.95 ( Conte.) ~ page 2 


Siuce 1.25 thmol (steam) entevs per bmol Cc) 


Е steam | Bl 18.02 ib \ Ib mol — Bru (с) 
— — = А — — — — ee = 3 TT ED, е 
We — We (steam) т Vo mol (5 lbmol Cc) омо! CC) 


(а) The Combustion Products Cx: Tt a$ an (deal $945 wmixture а 20 R) latin. 
The thermomechanieat Сом №: офок per ало of C , гє 


h-ho- To C$-8,) = 1 (hle) - 00537) — 637 ( 5°60) as) зэ by He Jet 
y (RA Rk 6063?) - 537 (59 (0160) - S?Cr7). — 
Hi 


ors ( Reo - зт) ~ via ( 902160) - 3*0632) o $33 45 Top 
Ун.оЁ ° H0 
Using IT to evaluate the properties : 


efCO_out = h T("CO",T3) - h_T("CO",77) - 537* (S_TP('CO",T3,1) - s_TP("CO",77, 1)) 
efH2_out = h_T("H2",T3) - h_T("H2",77) - 537* (5 ТР("Н2",Т3,1) - s TPCH2",77, 1)) 
efH20_out = h_T("H20",T3) - h_T("H20",77) - 537* (5 ТР("Н20",Т3,1) - s_TP("H20",77, 1)) 
ef3 = efCO out + efH2 out + 0.25 * efH2O out 


The result 15 : eg = 15,000 Btu/Ibmol (С) <— 


The Chemical Con tvi Ьо on С the erer ogy — {ke prooocrs з obtained T 
summing the сои tvibu on of each of the three COW ponents. First ) for 
the water к ; 





t3 
ES. ж de gae iN MESE a 
* "M 


Ar CO оо a member of an Чех! 345 vix pre 


— Ch = 


Qt, * L904 i$o.7 9 co, J (Ty Pa) + E To | e G0" ] 


ys сог 


With date from Table А-5 


Eco = С-утоо LO) - (-169,6 0)] + (486337) 


= (17, 6°72 Bt. / lomel (Co) 


(a. Y. to3) D^ * 


0:603 


Sul «r14 ر‎ Cr Ha а; a mew ber of an «deal 54) bu oy Áo @ 
ин, (48, 
4н. + о, 7 Îmois) ) (Te, Po) + RT Ln i — 
Chr )(. 201 us )(. 201) > 
(ox (9) - (~98, 358) ) + 0.4 )(у37) Le | —— 
= (00,334.0 Bh / bw ol CHa) 

Accordingly, the che vea col exergy A phe miy ture rf 

eO s UUT 6071) + C1) (100/73 ¥ 0) + 0-27 (135У6)= 28, 280 Bta/lomet CC) 
Co lee Nr Astuldy the — tre exrhing products гт 

(È ас)" 1S 000+ 218, 2BOS 233,280 BA/lbmel CC) 

pro 
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PROBLEM 13.95 ( Cont'd.) - page З 


(€) The rate ef exergy destruction 15 ha difference befween He exergy еміеллия 
QA d. exiting, that is 


(D (кА [д = 78,480 + 176,500 + 6241 ~ 233,280 = 21447] e _ 4—6) 
— arbon) (steam) (products) omol Cc) 
Y 


1. Ал exergetic efficiency can be written as 


£2 Eproducts 7 233,280 | | 
E (18 4804116 590 + 6241) - 6.893 (89.3 °) 
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PROBLEM 13.96 


KNOWN: CO at 2$?C laim enters an insulated reactor and burns wrth the 
Tlaore S OR aveva ^ air en Pring Separate, at 25°C, lahn. Prodwety exit ot late. 
ED: De rua ine per mele o £ CO — Ca) +62 exe entering with СО, 
(o) ths ажа exiting with thw фе ос, к) tr Add 
(d) Dvatvate an ек v$9etic "(меселе Or Tu Aara ctor. 
SC ULMATIC t GIVEN DATA: 


— — 


4 ty “tt destruct’. 


со 









+ لے‎ 
P^odocty latm co 2.02 tl 88M), = со, + 1.88 N, 


+heo.air А 

2.79, latm TILLIT 
ASSUMPTIONS: Cl) The Control velume shown r^ the accompanying fig ore operates 
at Steady state wrth Dey Wey 20 and —BE Erne hc aad pofenhal energy effects. 
(2.) The reaction ѓу complete. (2) 3.76 ихоіег ef Me &Ссок pany each mole of O i4 
the Gir. Na iS inert: (+) The Combush'on Air and predocti of cow bo show 
Can be modeled as Ide | qoJjes. (5) The environmestrs as described 

in Problem 13.89, b) The combustion air enters at the солі en of +he environment 


AMALYSIS: Tha solo how to Problem 13.69 gives Th = Z66$ K and Gu co 
105.3 кЗ/ nwel(co)-K . The rate A Lorna destvuchon uw tenn 


Ed 2 , Te = $.3) = — — — — 
Ed т To Sy 248 )( 168-3) = 44,299 = — сс) 


Sinca CO enters at “To By ала © no Vv ves maena cot Comtribution + 
its — T^ Chow evaluas ы. Preblew!3-82(d), c 








Eco 
—— = È oq d. 
"co 753 е) «d —————— a) 
@ Kesar di هاا‎ combushomarr مه‎ en Var وہ‎ an thn P exergy, 
with СО and فاا‎ мае т Феу aet 2 e 
© Epredocts _ Eœ _ Ed = (248,364 - 44,253) = 220105 КЛ -4—————— 
—4-. Keo ke CCO) 
Исо | 
Pm ay rge С fp ia ney س‎ ba wri Kan مہ‎ 
. 7 j 
e: E products = 226 105 = 0.921 (82.1%) a 9 
Eco 2%, 364 


|. Twwrousheut Chop: 13, Combuashmearir le nedaled ae a binary Илге of 
Ma and O2 . 74 9/o Na ر‎ 21% O. As Hae neta (roca Ymo diffs, frum To. 
fre о, 02 im Problen (3-82 , A watt Vuna3eco Valua. for the tx 
Comb shen arc Com be α Using Ge. 13.4la ? @ 2406 єй] cue! CCo). 
` Twas hao hav а meme ws The — Se vb, 


а AV pr sete ela) the remo, | the prot can he found LER, 


as ША The уо мла еДАлА cot باہو‎ lov h'm es 


co 


Ol RCT) 25 46)- To Ст). 590260) - R e YEP) o 
| | 7 Yaa P» ` 


0 
— P am —- 2 = Ы r^ p 
Ко -Tol -Fo) = 1 Î hUS) -h Q8) ~T СС) - 34244) € م کر مط‎ ( Jeo T 
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PROBLEM 13.46 (С mtd.) 
Goch. dac (eo Tali A-23 


ho. 7-5): i (14454-4364. 292 (320.742 - r13.085)) 
real 21040- toba- 24 t (262. 420- 191. 7927) 


= 264770 KI/kmot CCo) 
The chemical contribution, foun d with Eq. 13.41, гг 


e ^. R To | \ Bin سلا 1.868 + و‎ Wes | 


сез. Jhr 


f 


(gs (2421 (| 1 (18) < ве д ( 122289 
0.0003 


⸗ 
6.716? 


16794 ve3J|[rel (co ) 
Adding these con ty, by Hens 


Eproducts „ 20% 770+ 16789 > lte, S34 kI/emot CCo) 
Vico 


Мда CoXCelod ue rome tet , fur Weetiomy t6 
hey mo me Choras Ca, ж ау эз ture Чаллы n چ‎ Coot byv ho (o 49 
AA ач Av combu sh m p Co cts. 
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PROBLEM 13.47 


kKnowN: С Нг. at ТЮР, [аһ enters an insulated Tesctor and burna 
Completely wrth 180% of theore Fr e air at TTF, lahm. Productr at late exit. 
FIND: De + лла j per ило [е т f, Ca) the nergy the fak Catering 
the Asatte, Lo) the txaro ashing wri tee products, Cc) the Aad: 09 
ereny deskuchm. Alw, aloo X an energetic ef ten oy for the reach. 


SCHEMATIC 2 GIVEN DATA: 


C2He 


77°F lai». Products , ata 





theo. awr 
17°F, latm 


ر ر ر ر ر 
ASSUMP TiO MS: C). The control volume Shown in the accow‏ 





К : | Pang ng figure operates 
at steady State with Qey = Мусо and negligible kinehe and potential 2nerg 
effects. (1) 3326 moles of ^. accompany Qach Mole of Oz In the агг. Ma (s inert. 
(3) The combustion ew and combushion Products can be modeled оу ‘deal 
gases. (4) The environment IS as described tn Prowlew 13.00, CS) The 
Cow. boston air enters at the сом h'on o f. the @nviron mers t. 


ANALYSIS: Com ple te Cow bus hon ef Сә Ha tov th !@ оо, of the theoret' cat 
Amount of am rs descr: bed by 


Ceo Ho + 4.5(0, + 3.76 Me) — 2Co, + {4 O 4 20, + 16.92 Ne 
The frst Siep s do determine the tempera ture of the tri hing products 
using о ^ геме rate balance а — State? 


x T ә =“ ==, — — 
О ~ M = rad + Cpe), + L4sho, + 16.942 hi, ), - C2 heo + бше ho teat by] 


Then, Using hm het Ak ana not и that Ly =O £v б, and M, 
02 Ge au, + Lo] “fa Rete) - RI] co, = [WZ 08) -HUS37)) aro -2C h(t )-hl537))Q, 


Or wilh data fron, theidoad gas tables and Table A-2SE ~16.42[ Кб») “hO37)) py, 


- т X? 5 Ll 
2 keo, CB ) + ^uo С jar ho. СЛ ) + 16.42 hu, UR 5 Gau, -L hf x C537) Jeo, 
> iy ~ Ё($37)] ме + rho, (537 )+ 
(e. 4% hy, ($37) 


> 2540 = 2 (-169, ° - 4028 ] = 


(~to4,0¢0~ 4258] + 2. (3725) + 
16.92 (3730) = 623056099 B=3456°K 
(3) Sine СН, enters at To Po ) tho Ялк-е CS e رہ‎ u) Tt^. Ha fuat vo Chanar cot 
Mery olgtmuned using E. I3. 8G о» follows: 
aS 
B C4*)o,. 


Con. = ER + 2599 ~2 Fco - quoq JCTo, Ь)+ ЕТ “| 
L 2 27 4 og ) ? Ge Y fe) 


г.у 
[1,220 4 2.700) - 2(~164, 68) - (~48, 5 0)) 4 (486X537) La | LL MM j 


ц 


-0003)*( 0.0312 
547,455 Rh / lbmol (e ve) ета К са) 
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PROBLEM 13.2% ( Contd.) 


сь) The ес eux ity with 46. products can be evaluated о:гид 
Eg. 13.47 with € gbhined from Е 4:13:41. Accordingly ‚ when expressed 


on a per Vemol of fue V basis , we el ` 


e^^- RT. [2 4^ X. p سر‎ Зно „т А وولا‎ + е А Wee | 


Wo. Siro Yeon 4$. 


= 2/42 21.92 2/21۹ 16.4t/2 1-42 
CANSIN | > dn )+ а ) х ) س‎ ( + (6.92 v ni] 


0.0003 0.0312. — 
= ll 24H к/р (Caka ) 
Ana й 
h-Wo- Te($-8o ) 2 CR (3950) - 0 (627) - 517 (Cause) — S (557) - R А Ai eo 
o 


[качы (SIT) = $1 (TANSO) —1°{взл) – Ê д Эшб j) o 
io № "0 


- 2 о 
бач) - 2091) - 537 (зч) 8° Ст) R fond ))o + 
Joa Po * 


- Ec m ° -39(532). R tn wha? 
gqa Lh GS) - (езт) - 537 70560 - 3C )-R А ^AI 


2[ 41330- Чоъ®- 537 (73210 - $1.032)] + (33741- 4238- $32 (62.724 -45.079) ] + 
2[ 27879- 375- 537 ( 63, vot- «$.482]]4 16.92 (26 639- 3730-537 (51435-45299) 


2 362,730 в / (tne (Crit ) 


Adding there Conte buh ons | -" 
Ё рысе ийан = 364730 + ET з 73,478 Bh ын На) سه‎ 


u) Tha rate 4 exergy destruction еол (5 the 4. f jare ces be tween Tee exers 4 


entering and a he OK ergy exi hi9. As the. combuthon air enters 
O at khe Condidton of the environment و‎ and thus with zero €*ec9'$; 
Lhe exergg entering `s just the arcu lt | pert ca). The ce 


exihng fs the result ef part (b). Accovds ng ly 


É | cc) 
= $U2, ауу 33,972 109477 B a/b. | CC Ha) 2 —— — 





TAN IS 
An ex ere ^ c е ссек cy can be еу presse as 


E= Eph . $73,978 . oeta GERIA om С 


|. к BREE ‚13 Co bad: RM eco 79 9/0 Mz, 149705. 
< v “э from, percentaszes listed fer Vz) дз LÀ 
Prapolewr 13-82, A wart وا‎ aro Value fer tro لي لصفا‎ €^ | 

air Са. be Cea. lew, tid Vio E9-.13-4la4. Sw? t5‏ نہ Cv bush‏ ما 


tamore d ex the mes 31'S. 
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PROBLEM 13.16 


KNOWN: Са Higít)ot AFC, laf and 4 wy flow rate of О. S7 k9/4^ enters an 
engine and burnt with ain tn tering at уос, law. Products exit 
at 670K, late wit a dry molar Qualys: 11.4% Coi, 2.9 Yo CO, 
{6% Oc, 4.1% м. Tue engine de ve lop: Power at a rate of г KW 
FIND: “Determine to) the rake of hea transfer, (2 | Evalyate an Cxergetie. eCficiency 
Sur ке Qn qine. 
SCHEMATIC © GIVEN DATA: Wey = — 







сенме) — 
25°C, ladu ر‎ Products | со, , Co, 02, Ma, He 0 3 
Ww, 2 0:57 kg/h at 670 к, had icc 
Air 
set, late ЕЕ: 


ASSUMPTIOgs: Lt) The control volume Shown in the accom panyang figure 


Operates at Рг. сБ фе ант? ^eyesiéte effects of kineAt and potenh'e( energy, 
(t) 376 moles of 2 себ уу ак each mole of O, inthe at. D, is inert. Q) 
Tre combushen air and cow buthm producti Can be modeled as dea \ 


A ajes, (4) The eCuviron wort Тї descr: bed ai in Problem 13.84. (5) t^e. 
Combushon air enters at the cond: hun of the env ronment. 


ANALYSIS: The reacton equation takes the form 
CeHig(£) + a [0,4376 м) —> b fong CO +0-02%CO + 0.016 02 + 6.841 Me)ic њо 


froma Carbon balance b = 55.9. Fema hy drogen balante C= 4. Roman oxygen 
balance О. = 12.98 . (Checking the nitrogen balance for cloture: 3.76a = 0۰2¥ b 
or 471.3 8 47.01.) Accordingly De loe lance Cac hon egua how fe 


Се Hg(e 1 + (2,58LO + 37192) — $8.9 LONN Cone 0.02460 40.016 02 40. Ва А) 4 4110 


G) Кок «n^  €wers9 vate balance at steedy state 


О ~ Фе m Wer zi Cini), 4 [4.58 ho + (2.586.779 hy], - s (o. co, + 0.02% heo 
VWeuet “gue | 3 25 - 
+ 0.616 ho, + 0.841 hn, ) t. + a Bune) T 


НМ hh zh ob 1 e^ 4 noting that го for о ond к, 


Ое : Wey _ G) 4. 554 [ oy Ligt А ло) ~h (248) Jeo, + 
"fue! Күм.) Gte) 
0.04 [55 4 0670 - 0] со + 0.016 L R670- 040), + 


0.8410} (670) — h (2403 vi | + 4 Chet h (670) - 482] HLO 


Wev 


Wine t 


(-avq,41) + ssa[ onus [-348, 320 + 2769-9304] 


0.024 (-110, $304 14 758 - 9661) + 0-016 L 20,197- $692] + 
o. BALL C67 - 8661] ] + 4 21, fto + 22,920. 3964] 


= Ме ш $$$ 972 ыз __ 
Миле! Kmot (Co HiB) 
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PROBLEM 13.98 С Contd.) 


The nne lar flow rate еъ "ea. fat vo це = mguet / Меце | . Thre 


m _ [ o. s? «91А. 3,845, wT c 
— Gm ET > |( ы е £3 J| reis 


= - 4.33 KW 4 


Co) Paraileling the analy sis of Ex ample $3. 1S , 


an exargeh < 
efficiency takes أ‎ for~ 


és We. 
EF 
Chaar Er e tw rote — в" e2niterr fhe epu Gor TG tre Coa. 


Since fu ft 2 n Ho at To) P» J tharn c ho Tan me cleat. cok 


convi buhan to cubs еу. “The Сел oQ €x م‎ Cvaty atid 
i^ Exawple 13.12 са) as E“ 640%, 843 FT| Krol Cega), Then 
ez 


= 0.133 (3.2%)-4——— 


oe ee —= 
57 «mol W 
(5,407,843 Ey SEED e || н Е 


13-122 


PROBLEM 13.49 


KNOWN: Steady Stet operating data are Pro vi da d for a gas tur b ( va. 
power plant 
FIND. Evaluate am energetic ef br сем for toa. Power planb. 


SCHEMATICS GIVTM DATA: 
| — 


pru l | 


Sage -о.15 ММГ 


№ t= INW From solution t» Proh lem 13:44, 
net - 


: : | 
- 7. кке 
У fusi? TST o 





С»нә +5010, 43.6 Na. ) >> 


400% theo. Combo si oA € CO, + 9H20 + 37.50, +188 M, 
air at Prodects 
25°C, lak 4 ook, la hn 


ASSUMPTIONS: (1) The control volun shown in the Aceoupangins £v s шла. 
operates at Stenda stote wrta (i raa eflects 9 Kine Һс and po teu frat 
euer ‚ (2) 3 7G weles 4 Ma accompa each Mole б» inthe Сок sos h'on 
aw . M, is inert. c applicable to th. fuel 
болбу ал а^ | and the product of combutfion. (4) Tha exergy 


of the arr enterin Te Control Vol vine — 2 cain ше, v hore d. (у) 
Exerdsy— Value are 4. „1024 ма Сол ye tothe environment A, ut 13 . 92. 


ANALTSIS . An exergy Va te balance Çor tie Con trol voloves ready 
* : : Ф E — ° е 
О = Е (uei + eas 2. = E prods, з = Wet 2 Li lel = Ej 


J 


Keaovrcong ns 


E cis Eos = Mwywet + Е + 2 CI r 31а | de “eA 


ta) СХА) T 
Thet o, fra exergy И entering He contol volve with tus fuel aud 
Comhushm air exits оз (4) vo peces out , (кр) with the cow — 
pro duc tt (АА) w. ал hard trans fr or ف‎ destroyed 64 i ree ууз бл .ا‎ 27 
wi: Hun Ths con del voluma. Aw exergetve ef ссеису Can be 
wri hen e) А 
Є > Wet + E роц и) 
E uel о 
"I-A wri Kng ү رک‎ — ae) lex». iquortd (assumph'm 4) andthe ex eng 
(1) ex; hag шо (Tn bart trans fe [даљ Wen + аЛ». On C Ace. The exergy E udin 
Feo po dove tt E pasir? Yor عمھا‎ i сд dat wm tr nomera tee, — Е 
B : : d Oe Secs. € ' 
with Waet j bin A? со Spes m ^ ut s Con <i dor 64-0 n vtl t (sae € J 
tar dee co! on ) | 
— CH 


“Ths value Сы о found а * E оор 0.413, Ug) esc eto T Asan 4^2. 
octane vo Cons dart Т. مف‎ e- gas, The rzsgutt ü 


Creat = 5,419,501 1 Vue (frst ) 


| d 
S y wer Аха. Ceat en derc b 2L o A dag $ ao fra nun сл. < 3 $ ола 
{ә et^ А qQ4v«hoe 13.47 хллз-#о 
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PROBLEM 13.99 CCentuued) 


== 20 =o > 206 
e£, fuel = h (To) ~ h C) ~ TL SB) SIR - Re. + е, 
ZO 20 
That, mly tre teru Ri q + бун» motto Ca cna lvi роф ом. 
This term o ignered uva С GS (saute coles lad ола di ati 


dU. fern wore Lee wd ques ord» 4 6.1 $ 0.29, д, act).‏ مسالا 


Fy thee cenw ох o ganio exi hs “© Y, €3 Can А. euet d 
боз c Lee a M03 14. Pert que li е OE Кш pode ef û found i 





Со $ — p = t © e 37. 7 т — 
° L88 * 
Uso € A . e. Bo. 222) = @2°75 
* 242.5 ` огоз x: 242-5 


15.5 


3.3 3.7 E 77.5 
p" (8.314) an| 8 Rar ( 0.03 ) + ٩ 44 | iz) + — ]+ (SALA rer) | 


52, KOO єЗ/ км1 (fuat) 





if 


@ 


Aad 
e | +. 
т уз L8 (37,40 9364 — 2 ee (203.389 - 213 was) | 
h- 5 EMI == Ие 5 , 
a [35828 - 440«- 24$ (728. 32! 
„ау (235.911 ~ 201.033 )]4 
375(27,4:8- #657 | 
Lgo ( 20,810 - вше - так (6*7 111 yo 3) ] 
j 
_ a, 09 رچ‎ 14 EI | Cfo) 
Sumu мү, 


ёзу oa Il + 82, Wo = 2,180,414 КО/к (ды) 
) 





гоз єз/; + (2:51 y 2, 180, 414) . $886 











(к $,«8, 53) — 
= 6.44 (41%) БЕ 


à T4 ea. hast transtr Frow Tw Eb takes - piece ob $e «ро Ха 
Te ر‎ А А+ exergue — еме with haad а-ә cs eva {чо а сй as 


4 "EE. 
D- җ] = D- x2 1059 g) 
Ag a © арда calculah m, conn dy- <y» 500K eA 


Га = 23$] to eg) 6] e 


T4 us awwvut Grouse he mmeludat wit dus numrator 4, £4) ر‎ Ye 
yawang € worse he 7 49.6% . 
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PROBLEM 3400 


K Now N:. C Hq enters tha Steam generator 7 e V r power plant and burns 
Completely with 200% of thoovelicak arr at 77°F lath. Addi honest. sttady— 
Hou operah ng data are provided. 
t [ND : Deter Y ha را‎ d f | att 
rate and Ce ere Сет о, ЕО Co) rr 
(d) Ao, find On ى‎ ercen toge 4 T^ exer —— p [ we 
of th, неч exergy exiting with thea SH clc агер, exerc —— 
tra Steam — e Ttov, power V dad ай b oHa furbir, с дн des 

42. rone , exer Ал w: tha fra Cool d 
destroyed کن‎ Де А 11 j oting water, ём er yf 





SCHEMATIC $ GIVEN DATA: 


Products at 
500°F, 1 atm 






Methane (То, po) 


Air (To, po) 


in.? 





Coóling water Cooling water 
out at 9O°F in at To, 
1 atm 1 atm 


ASSUMP TI ^ 

— тете ке ена С — and potent 
8 i'gible energy 1055 by heat transfer Kine Ке aud po ten hia | 

energy а ст can be 'gnorad, (2) Por the vapor power plant, Pump work Can 

be negiec ad and Sahkreted liquid exits the condenser, (3) Combush’ow rz 

Cow pie te. (4) 3316 moles of Na accompany lath wole of ary, Ma fs rnert. C$) 

Mme environment rs desc». bed. Of гл Problem 13.8}. . (6) The combbushon aic 


a е s 4 
Eur ue 


АУРА ЧИЗ GO) The balanced reaction eq оа ом for complete Cow loo: tion ut^ 
200% ofthe theoretical amount of arr is 


CHa + 4 (0, 43-76M2) —» Соу + 2H,0 4 it 1$.04 М, ae (әу 


C) Ал energy rate bal ante at stead 
“= state "^ A Д 
steam generatur reod: 2 fo Control Yolume | clos ng tha. 
0 . 


о 
Oz De -Web 4 heny + (Aho, «15.045 pz) - Ceo, tohot 200,4 ое) 
псн свч AY, (4-1) 
With ТЕЗА jand nohng that Wipro for O, and Na — 
[=ч =o = — — — AEN * 
о. Ga, + CO – Ce +R (шо без) > LT +h (ео) -®зз7)/]н,о — 2 (во) 027), 


-15.04[ (960) ~h($37)) м + Му ( hu - i) 
* Ke 


or А Y [PD h Tee here) i 
Av С) u, - (he (460) -hG31)), - [igs й(16о) -hC532)]uuo - 2h C969 -К537)) o, - 16:04 (Ао) M81), 
Rey | NEN | 
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PROBLEM (3.100 ( Contd. ) 


froum Table А-4Е , h= 1400.5 Btufsle ‚зу 1.687 Btu/ [p ‘OR. From Ta ble A-3E, h = 69.74 
Пур, S3 < O: 327 - QM / ib · OR. Then, with Sa 3S3 and Ра 2 боо lb[i4*, Table A~SE gives 
hq = T33 Btu/ib . Then, with data ما ا حسم‎ i عع‎ do tableg and Tabte A-256 


e 
WA v 
— N 


_ #32, 210 ~(-160,300+ ¥244- 4028] - 2 (-104,040 + 7738-4258] -2 L6786-3725)-15-04 [6643 1720] 
chy “460.7 - 7h33 ) 


= 203.1 lib(vapor) / lbmol (CHa ) 


i ОВ) 


G) An energ rate balance at Steady state for « control volume 
enclosing tue AREE feads 


o me e thy [haha] + haw Û hewyin = he wot ] 
то find na. we. be 


Wc het къси) = 


63.74 + (0.97 )(1036) = 1074.66 Gt«/lb 
Then, ‘evan hew % hg CT) 


(c) 
_ D hea he меч nh — ШЕ 1074.66 - 69-74 „ суту Ccw) 
ou р be ٩ New, out - Асы, in $$.07- 45.04. [рм bmol (CY ) 


(d) As the fue! enters at То) Ру the exergy entering with the fuel rs 
its слем сал eExKergan— s found from Є. 13:36: 


€ cna : (Seng + 2490. - ¶ -2 44,0 ) (Ty Po) + RT н er * 
CO, ze) 
(0.0003) (00312) 
= 357, 771 ВЕУ бло 


Stack Gases The — CXeC30.  exihng withthe stack gases Can be fiv ad vting 
£q.13. 47. where GC^ is obtwived with 64.13.410, Thus, on a per ило of fuel 
bass 


st e. «sey a (5 — (+ dn ( t/20.04 ede ( ziwot ) a sat tn (er 


6-03 1% (20357 ‘Te? 
- ©2924 "Wr leet CCH«) 
Anda 


Ъ-й-ть‹ї- „уш [9243.8 4027,5 $37(5®767- 51.032 Jeo, +a [7738- 258-537 (34.893- 45.079) | Ай 


-3724.у-<з37(4490@- 45-799 
+2 [6186- 2725.1 -537 (53-170- 48.92) ), +1704[68137-2729У-53 ( Ји, 
= 16, ONY ВМИ lomo (CY) 


Аил these contvibuh'ons, E stack Ану = 22:329 К ы (CH ¥ ). Thus 


o/ fue | a G20 о 
in 0 —8 (21038 — 1329 aee! 2 6:25 95 
i^ Steck Safes 


$7, IF! 


Steam Generator: The exergy Чего ye d i^ the Steam Generatorn equalr the 


diffevence between The te ter сжег ч entering and the total - 
exergy ewr кид. Regarding the 


exergy І "04 the entering Com о} hon avr 
as negligible 
Ea = 53 — se 1 Фа- hij- Tolsa - -57 - E stuet gas 
— z “w —— 
WCHN Wy 
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PROBLEM 13.100 ( Contd.) 


Thus 
Ёз 


- 357171 — 203i [ 1466.7— 71.33 - $37 (1-6987-0.1327)] - 22,229 
ney 
х 222,272 ВҺ/ коі (CHa) 
And 


e/o of fuel exerð3 |  / 222,278 (100) = 62.23% 
(D destroyed in the à ccc Е 
Steam gensratr , 
Turbine, The power developed by the turbine i's ob turned кок an tnergy 
rote balante at $+ ead state for a control volume елс.іозги the turbine. 
Wey 


" 


J(v- -W ) * COILS 107406): 79/583 Bh /lbmol Cehe) 
Vcn — 
Tha rere 1 exergy qa tr v ehm US 





-T 
rem 


Ae) Cesi ) = 27M 005-1) [ 2 + 0976 18433)] = сеет) 


* 24, 424 Bta/ ыло (city ) 
Accordingly 


% of fuel exerdy = (mus 4,583 loo): 21.2& 
axing as developed pedi 3:2, 011 
ef, of fuer exersy : (кч. чч Jes) 6.84 
des troyed tn the урме 457,17 


Condenser, The net exergy екти with the Cooling water is 
жы с Whew [ Gees heu in | ~ To l Sew, out = Seunta) | 
Wer И ety 
E з, тач [ 8.07- 45-09 ) -537 (0.0017 0 ©ў 7?) 
= 1869 Btu //bmol CCHN) 
Tre exergy destroyed in the coud eater is 
Ed 


= T E ( Sewput = Семен) + MY (s s+) ] 
Rony 


on 
E sni 


sÍ 15,224 (. UIT = 606727) + тоз. ( 1327-1 412.6) [ 
2 7013 Biu/lomei CHa) 
Accordingly 


el» of fuel exersy 


Е (rer (10е): 0.572. 
Carried oub Und Cooling water 357,177 
es fuel — exeróy 


70:3 Nlo): [9 
destroyed iw the i fm J> (223- 357,171 р, ° 





The Sleam generatur A oy far, The mot бўлди} site fj reve rack l, hy 
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PROBLEM 13.101 


KNOWN! CHa4 at 25°C, latm enters a furnace and burns completely ert ^ 
200% theore hecal air entering at 259€, latu. Combush'on Products 
exit at COOK latm and the furnace delivers energy by heat 
transfer at Ts = 333K (60%). 

Find: Relermine in KI per emo! of fuel (a) the exergy entering with 
the fouet, Co) the exergy exiting with the products, (¢) dhe rate 
of exergy destruction, Also, evaluate on emergetic effiweney forthe 
Vv reete. | 

SCHEMATIC T, GIVEN DATA: 


Combustion products 
at 600 K, 1 atm 






Heat transfer 
Furnace 


Temperature = 60 9C. 


ASSUMPTIONS: пу The control Volume shown in the ассо улу a vig i Fs ure 
opevo tei et Steady Hate with Wey 2 O aud wesliísible effects of lei ve; the 
and peter heal energy. (2) Comburthon is comple їе. (2) 3-76 moles of Ma, accompany 
each wel of OL in the air. Юу is duert. (4) The combuthion arn and 

Cow. bush on products Can he modeled as deal ga tes. tS) The environ- 
ment ù as бесе. рес fn Pro blen. 13. Str, (6) The combush'on air enters at 
tne сом {х hon of the environment: 

AMALTSIS? The balanced reach'on egvat'on for complete combushion with 
зоо °/, theovebcal air v4 


CHa + AlOrt 3.76 We) 2 Co, + THLOF 20, + 17.04 Ny. 


сву The fuel enters at Te, Po. Accordingly , there ёз nO кен кан АҢ 


Сои бе. оу оиу and the exergy entering withthe fuel i's ё“ ^ whieh vs determined 
iw Problem 1351 6) as ес = 630,174. КЗ! ко. «— — t) 
(e) Tue — $9Xer2-j ек tng with the Combuth'on prodocti can ve evaluated 


Gh 


using C24. 13,47 where © rs obtained wv tw Eg. 13. 4- la, Thus, on e per kw ol 


ef CHa basis 
Ehe RT, C ы Po + pe a thn Je. ۾‎ dor: ] 


4. ho 4 2 юз. 
+ (31 | tn (o) аы 2/20.04 2./20.04 04 dn =") 
(8.314248) [ — — 2 dan ( a 4 15-04 (T 


= 14545 KI [Емо Cechy) 
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PROBLEM 13.101 l Contd. ) 
And 


h- Wo-~ To ($-$,) = [22:380 ~ 4364 - 998 (241.141 218.685) ]со„ + 
2[ 20, yor- 4404 - 24$ ( 212.420 ~ 188.720)) 420 4 
aL 7,424 fbf - 24 (226.216 - 2.083 o, + 
8.04 (S63 ¬ $661 - 248 (211.006 - 191.511]. 
= 59085 KI Emel (chy ) 
Adding these сок №: ро fons 


Epraiucts ے‎ зво + чуар > 77,680 ST/Kmol Сс ) — — (0) 
Achy 


Cc) At Steady State , the rate Sher gy is destroyed eguals dhe d. Flerence behween 


the rate exergy enters and tm rate exergy exits, As the arr enters at 
the cond viros ef the environment ,and thus with zero ex ergy) exergy enters 
only with the fuel, Exersy— exits with the combustion products and | 
Accompanying the heat transi. The heat transfer can be evaluated using 
lance: 

An energy rate be gs _ | _ 

© = Qer. aW + ^e + (4 ho, + oY hwa \- (heo + Zhuo + hop + 05.04 К p, ) 

Lr m CHN 

With Waheed Oh j and woking that hizo for Or and Na 

Qe 


= [ D Ў (ооо) -  C249)] со at 2 Chis T (eoe) - К (048) ) uio + ZL 0600) 60211) Ф 
Achy 


+ \ў.04[ к (% о) ا‎ (249)] M ¬ (2%) 


[- 343,520 4 24280-9364) + 2-241) vw + 26, 401- 1404) + 2[17929-8682] 


+ \5.04(17,563— 8661) — (-7Y, #0) 


= 66,138 KI [кмә CCH4) 
The фес өмү флаг) exergy transfor va 


Eq t Iw a Fie 388) (616,88) = - Ilea 
cx چ‎ ( LI = ( 616,38) = -G4 234 [кы (Clg) 


Where ine munus SI denotes a tans for Grom Hue furnace. 


сс) 
Ta Cum m ow y 


EJ/ v : AL CCHy ) 
Ed / then. с 830,174 — 64,754 — 72,680 = 42,737к2/км! 
/ CN ( (ue 1) Cheat transier ) Cpreductt) 


As ive object of the furnace rg 4e provide an energy Кам for by heat, eA 
exerqetc e fie encq- ФАЛ Ganges the extent te wiwch pre езегш entering 


tha furnace with the fuel S obtarned as exergy accompanying heat 
Асдис ее rs E Jà 

€ - | Eriol CF ЗЧ - 0.078 (72.8% ) — % 
(1) e ch § 30,174 


پ4 


— — — —— — —22 


ү. Owing G фир ant deswoshàs A exergy during сорыс е, soch a 
Sumace does veot кле سه‎ Afio eh ve C 7 fu — 
Sua ed лоч. dua fuel. 
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PROBLEM 13.102. 
bbinn Coal enters o. CovAbuttor- with the mats analysis: 


C: 4.89/5 ‚н: 3.59, Ot 0.60 , 5: 6.4%, Но: 14.1%, Ash: 19.4% 
Tre higuer heating Value of the Coal jas received , vs HHV: 21,220 
Kk Tks . The lower Мелия value ona dry bas cs (LH V Ja = 20, 450 
«Iles. 
FIND: ta) Using the follo wring ехртеззгом , eshwmate +he Chemical exergy 
ef^. CHV), ( 1.0438 + 0.0013 x + 0.1083 = + 0.0544 + ]+ 67404 


where hic, o[C, and H/C denote ,Asspechvely, the mass raho of 
hydrogen to Carbon, oxygen To Carbon; and nitrogen fo. Carbon. s is the 
DONE Wt" Gite a БЫ HOM ча 
A alu ^ л» ou еза a А ‚ 
the Che miced erg") with the Given hea — — e 
(c) TH the Chemical — €X0797 of the coal were eva (va ted 
Using the method of Sec. 13-6 , What data Would фе reguired ? 


AWALYSIS: Ce) Using the ex paessron provided, together with given data 


se 6.8 -44 (2. 6.4 
ef^ s Qo, 450 \ t 1.0438 + 0.0013 (5%) + о. oar ( 22 + 0-0Y 44 (Eelt 6740 ( 23) 
„бо, 450) (10436+ 0.00009 + 0.01479 +0] + 431 
) 
= 22,03! KS) «a (coal) "————— À9 


with e x HHV, o value about 4% less than found in part (a) б ob Harned. 


As 


b 
— eh x, (C nv. j ё value about 37, less than fund ге part la) 15 obtu’'ned. 
(<) А Vous h thie coal vander present Consideration iS wot represented oo Ca H, з 
04 («^ бес. 13.6. ) the сале Opp^oocb t» finding en can ba applied, ги prine ple, 
however, to implement the paocedures, it would Ve necessary to Know the 
aso lute envoy of іме [че | at To, Po as well as erther the enthalpy ef formation 
of the fuel or one of the heating Values, CHV or Аму. As the hea ny 
Values Can be meatured, the Principal Stumbling block in гиремеи hin the 
procedures usuatly is lack of Био Гед ge Concerning the absolute Cn bony, Accordingly 
it is often necestary to Assort to approximate methods for ele devia wins et" 
А teamah e  «pprexcisk on often Can be had бу +aking the chenwcat 
екег997 equa! am- e¥ pe rimentalle determined lower (lor basher) 
hea Rag value. Moreover, as vilutiva ted tn part (a) , Special expressions for 
this purpore also have been developed. 
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PROBLEM 13.103 


KNOWN: A moist ow seam is at temperature T, pressure р , with dry air and water 


Vapor mote fractions Ya and yy, respech vely. 
IT: Show thet the Liow exerg g- Can be expressed as 


Eps To [ose + we) (Я) 


zd ed (7)| + Rin (2)) 
+ RT) [р In a + yy In | 


relahve to an environment modeled a: an «teal Jas mixture of water 


Vapor and dry arr at Ta, Po, ond mole Хе ае фоиз о{ diva arr and wader 
Vo por , respechvely | of Ya, Чч. 
ANALYSIS! The Flow exer 


= — © 
can be determined Uting C4 13.94, where € H 
is obhined Using Eq. 13. 41a, . 


When expressed ол a pev mole of міч rure bar's 


g^. RT | Goan Me 4 ay Xe Be 
de чу 


And 


~ — 


w-h,- BS -8,\= Gal ha Cr) - be Cr) 5 Te ( (7) -32 (%) “Rimi )1 Ы 
v Cavet)— уст) - To ( $у(т)- $705) - RJ ДР 
Yv кусту URS) - To ( Sy (т) - Sy (5) - R 25] 


Evaluating the 2@nxha'l PY ond en tropy ferme on the basis of mean values for 
the S poche heats Cpa and Cov ر‎ + ANS ем passion p e Cove t 


- - P 
t — т, I =. ©} = Ya È Cpa [te75] = Te (Cpa А T/To - R А 1) | + 


чу {с CT- Tel - % (Сри А. 11-7 - R 4 P/P) ) 


— — o tf, 
z 3 Ga Cpa + بد‎ tp) L To = ج سد ہ‎ | + "AE њу 


Addins these Сом lv: bu hon t 


- Y > س‎ S To | Yate ج‎ ъч bn e] 
Gps To | apa +, Tv) | & t4 +] *OR ^ & | + od ol to И ty 


wich vs the result G be obtiened. 
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PREORLEM 13. о 4- 


KNOWN ! Three cases л volvins Aim at 20°С, {аах are specified , 
(6) satvated air, Co) P= $0, pe) drg ain 
Fro: U Sing tue result of Problem 13:124 ر‎ evaluate ef relahve te an 


eu vico ment Consis Ang ef poo st Cm eC ZOE, lata. , $ = (00%. 
SCHEMATIC t GIVEN DATA: 





ASSUMPTIONS. U) The idealza fens of Problem 13.103 apply. (2) The effects of 
mohon and gravity can be ignored. 


ARAL TOS * hee. Ta fe and P= P, , phe еге ГЪ cf Problem (3. 103 becomes, 
Simpl 

e. = R To Ç А06) + Yy a. (28) | 
Also, for vct aw e T) pP 


۴ 
e e ا‎ Ж = ا‎ фі 


Р Р 
: А Ра - 
$-t-8. = TUR] 
él e _,_ BK 
Sy = РӘ) 
fo 
qa) =| >D رمو دملا‎ wey = er-o -— — (8 


/ 


(b ) ps SÒ , Po = 0.02339 bar at Toz 20°C: 


ye = O 0233? . 0,0231, Yrs 0.9769 
l.o( 30$. 


Sy = o.s [0.0231] =o0.01155 , Ya = Oo IFES 


ЫЧ 
= | | 0.98215 \ _ د‎ ) |] 
a ‚ J 2€)3 к Ee — — 0. 0 — 5S — 
е; = б 14 єл — J( 2038) | o tiet Su — po O.6231 / 
pr^ KS 
kmol (міх) 


Fur Yt Veg twee, M = Ча Ма + Yy Myc (Co. 94) 08,47) + (оон уч )( ог.) = 28.84 


5 ec (8.8/ 28.84) > 0430S: ES / e (wx ) بص‎ (b 


cc) Dra Air, By =o, Ҹа z1. о , and nN Special Cave of fl log C4 (3. 4-0) applies! 


= 4,465 кеа) — 
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PROBLEM 13.105 


KNOWN : Steady-state operat ng data are Phro v : da 4 for a. device Wi иг ка ch 


st a У Kat 
tur nois ır Streams ave wuyed te form a mina іе есй Uxoistarr SÍIYEAw 


EIND: Using ths erar 4 Pasblen. 13.103, deter vele the fous exer 
3 (se igure betw) j and Hu acts 4 седа destvuc tim, 
SCHEMATIC € CLUES” DATA: 


Jd at ر ر‎ ad 





(AV) = 2770 f min Көт м Solvhe fo Problem 12.90 
T = 80°F 
Tz = 100.1 PC 
Wap 7 260 tb/ min 
Каз = 141.5 [ки 
Ma3 = 344.5 ib] i^ 
©», = 6.01042 
w, = 0.01803 y= 24.4%, 
(АУ) = 3000 ft/min | Assumptions . le Sea solution do Allen 12.96. 
— 2. The environment rs a rere of ned. ar 
Typ = 85°F and 49°F, lahm with 


YF = 6.022, У = 0.974, Cpa 0.24 Bh. /la-R, 
Сре = 6.44 @ + / 1b ۰0 ¢ $ 


ANALYSIS’. S inca P= Fo for Ze. CAN Stream j DiC P/P) dreps ка гана 
of Paoblem 12.193. Moreover, fre expo Sim can he writen in o о А 
mass dy drg ath bri: o 


O &= bl Cow wl А 51 + Е [o2 (72 s). У ta ($) 0) 





1+ 63 


where ( = Maym,) We Leony . Also 
м M, vv У 
wz Sh = Mee s 0.622 — 
: "S Ma Yo: Yo 
Thus , = E = 0.02249. 


Using Eg Ct) 








02244 
SYD р ал S¥O7 4 1.98 | Ti 01856 А (Oo 

ен = sss i 0.24 6.01092 (o. 44У] | ssc SSY. اا‎ l-756 / — 

0.01156 Алл — 

= 0.0323 B//b (a) oe 


4% 1. 022*4 
eg = gS LON + 0.01603 (o | 28° ا‎ Ал 580) ڕپ‎ еа. one (я) Fa 


ST 28497 
0. азм Le (Lotat M 


=. 04615 25/12) 0289 


50, у. dn Seo] a (LAR — \ + 
ej кугу Loos + o ovre] | RE | m je xL 


„ы [0.95326 1 | 
- 0.00552, 81%] lola) o. 06 бк 


An Скела у rote balunces reduces to guwe, ёд = ёоо )(0.0123) (144.5 Yo, l615) - 
(594.5 Xo.00552) 2 45.67 Bhulwin, which agrees wit the result of Problem 12.46, 


|. See the developpout of ©. (e - 5 b) pido of M a.Meru« , Àuasdabili Є 
ASME Press Neus York, 1484. 





— Р 


°) 
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PROBLEM 13.106 


A full discussion of this class of pte ble ms including 
a solukon + Problem 12.106 ‘бс prove is d. Ww 


M.J.Moran, Ду ool abo: 1% Fue 375, ASME Poss, New York, 1989 
Sea pp 139- I43. 
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CHAPTER 
FOURTEEN 








CHEMICAL AND 
PHASE 
EQULIBRIUM 








deel Gas Properties Speciel Note 


of H drogen, He А 





In several Pro lole va: of this скор terc J vt ve necessary 
de evaluate tha spe wp“ enthalpy 4 hydrogen, нг) 
mo deled оо an < е0 gars. This can he done asing 
data from the tuw followin fables , obtamed 
frow^ trha Same source as lables A-23) or d 


means of Tn ferachve Ther eee de vacet : IT. 


51 . Ideal Gas Properties of Hydrogen, H, 
T(K), h and ü(kJ/kmol), 5°(kJ/kmol: K) 


[ле = 0 kJ/kmol] 


wo 


T h u s T h u 5 
0 0 0 0 1440 42,808 30,835 177.410 
260 7,370 5,209 126.636 1480 44,091 31,786 178.291 
270 7,657 5,412 127.719 1520 45,384 32,746 179.153 
280 7,945 5,617 128.765 1560 46,683 33,713 179.995 
290 8,233 5,822 129.775 1600 47,990 34,687 180.820 
298 8,468 5,989 130.574 1640 49,303 35,668 181.632 
300 8,522 6,027 130.754 1680 50,662 36,654 182.428 
320 9,100 6,440 132.621 1720 51,947 37,646 183.208 
340 9,680 6,853 134.378 1760 53,279 38,645 183.973 
360 10,262 7,268 136.039 1800 54,618 39,652 184.724 
380 10,843 7,684 137.612 1840 | 55,962 40,663 185.463 
400 11,426 8,100 139.106 1880 57,311 41,680 186.190 
420 12,010 8,518 140.529 1920 58,668 42,705 186.904 
440 12,594 8,936 141.888 1960 60,031 43,735 187.607 
460 13,179 9,355 143.187 2000 61,400 44,771 188.297 
480 13,764 9,773 144.432 2050 63,119 46,074 189.148 
500 14,350 10,193 145.628 2100 64,847 47,386 189.979 
520 14,935 10,611 146.775 2150 66,584 48,708 190.796 
560 16,107 11,451 148.945 2200 68,328 50,037 191.598 
600 17,280 12,291 150.968 2250 70,080 51,373 192.385 
640 18,453 13,133 152.863 2300 71,839 52,716 193.159 
680 19,630 13,976 154.645 2350 73,608 54,069 193.921 
720 20,807 14,821 156.328 2400 75,383 55,429 194.669 
760 21,988 15,669 157.923 2450 77,168 56,798 195.403 
800 23,171 16,520 159.440 2500 78,960 58,175 196.125 
840 24,359 17,375 160.891 2550 80,755 59,554 196.837 
880 25,551 18,235 162.277 2600 82,558 60,941 197.539 
920 26,747 19,098 163.607 2650 84,386 62,335 198.229 
960 27,948 19,966 164.884 2700 86,186 63,737 198.907 
1000 29,154 20,839 166.114 2750 88,008 65,144 199.575 
1040 30,364 21,717 167.300 2800 89,838 66,558 200.234 
1080 31,580 22,601 168.449 2850 91,671 67,976 200.885 
1120 32,802 23,490 169.560 2900 93,512 69,401 201.527 
1160 34,028 24,384 170.636 2950 95,358 70,831 202.157 
1200 35,262 25,284 171.682 3000 97,211 72,268 202.778 
1240 36,502 26,192 172.698 3050 99,065 73,707 203.391 
1280 37,749 27,106 173.687 3100 100,926 75,152 203.995 
1320 39,002 28,027 174.652 3150 102,793 76,604 204.592 
1360 40,263 28,955 175.593 3200 104,667 78,061 205.181 
1400 41,530 29,889 176.510 3250 106,545 79,523 205.765 
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English. Ideal Gas Properties of Hydrogen, Н, 


T(R), h and ü(Btu/Ibmol), 5°(Btu/Ibmol -°R) 


[he = 0 Btu/Ibmol] 


T 


300 
320 
340 
360 
380 


400 
420 
440 
460 
480 


500 
520 
537 
540 
560 


580 
600 
620 
640 
660 


680 
700 
720 
740 
760 


780 
800 
820 
840 
860 


880 
900 
920 
940 
960 


980 
1000 
1100 
1200 
1300 


и 





e| 


27.337 
21.742 
28.130 
28.501 
28.856 


29.195 
29.520 
29.833 
30.133 
30.424 


30.703 
30.972 
31.194 
31.232 
31.482 


31.724 
31.959 
32.187 
32.407 
32.621 


32.829 
33.031 
33.226 
33.417 
33.603 


33.784 
33.961 
34.134 
34.302 
34.466 


34.627 
34.784 
34.938 
35.087 
35.235 


35.379 
35.520 
36.188 
36.798 
37.360 


1400 
1500 
1600 
1700 
1800 


1900 
2000 
2100 
2200 
2300 


2400 
2500 


14-06 


9673.8 
10381.5 
11092.5 
11807.4 
12526.8 


13250.9 
13980.1 
14714.5 
15454.4 
16199.8 


16950.6 
17707.3 
18469.7 
19237.8 
20011.8 


20791.5 
21576.9 
22367.7 
23164.1 


23965.5 


24771.9 
25582.9 
26398.5 
27218.5 
28042.8 


28871.1 
29703.5 
30539.8 
31379.8 
32223.5 


33070.9 
33921.6 
347757 
35633.0 
36493.4 


35356.9 
38223.3 
39092.8 
39965.1 
40840.2 


6893.6 
7402.7 
7915.1 
8431.4 
8952.2 


9477.8 
10008.4 
10544.2 
11085.5 
11632.3 


12184.5 
12742.6 
13306.4 
13876.0 
14451.4 


15032.5 
15619.3 
16211.5 
16809.3 
17412.1 


18019.9 
18632.4 
19249.4 
19870.8 
20496.5 


21126.2 
21760.0 
22397.7 
23039.2 
23684.3 


24333.1 
24985.2 
25640.7 
26299.4 
26961.2 


27626.1 
28294.0 
28964.9 
29638.6 
30315.1 





а] 


37.883 
38.372 
38.830 
39.264 
39.675 


40.067 
40.441 
40.799 
41.143 
41.475 


41.794 
42.104 
42.403 
42.692 
42.973 


43.247 
43.514 
43.773 
44.026 
44.273 


44.513 
44.748 
44.978 
45.203 
45.423 


45.638 
45.849 
46.056 
46.257 
46.456 


46.651 
46.842 
47.030 
47.215 
47.396 


47.574 
47.749 
47.921 
48.090 
48.257 


PROBLEM |4.l 


KNOWN: “The reachion гс 
CHa (8) + 20, > CO, 4 29.009) 
FIND: Determine the Change in Gibbs function AGP at 25°C Using (а) Gibbs fuuch'on 


of formation data ; Ce) Rn thal py of forma t'on and absolute ел тору data, 
ANALYSIS: AG? TS given by 


26°» Feo, + 295 3 q 
dco, + > Qunotq) ~ Ясна) 7 ^ Go, Са) 
(ву With data from Table 4 – 2.5 


AG? 


[(-244, зво) + 2(-228, 590) — (- $6,710) - 1 (0) ] kT / kume) 





- 800,770 *J/iwel 


ч (0) 


(5) Using а > Ws Gq. (0 becomes 


= - xi 1i - = "n e 
AG < Ch-T 5J + Lh -TE Junoy) 7 CST Ela, - 20-77), 


om О „0 — 5 " 
= (2 e ^ aot) - h cualp - tho, | - (ааз K) kn +2 Sirota) = 5 TEN 
With daka frown Table A25 
AC = (C393, s20 ) + 2 (7241, во) - (774, #50) - 200) ] 


- 6 «s. i5) ( 215.04 4 (1629.72) — Polo - a (205.03) } 


© 


z= BOO, 7972 к/к инанан 


4. Tre dé ds Eference tn values Calculated results frou round. off 
w data Values Ivgted in Table A-25. 


PROBLEM 14.2 


KNOWN: The reachton 





“5 
Co, 2? Co+ $0 
Find: Determine loge K at ta) SOOK (6) 1800°R 
ASSUMP TION: T decl баг pPrimevples apply, 
ANALYSIS: From Eq. 14.31 INK =- AC/SRT where 
AG’ Flot h do, ^ 400, 
with Sah- T5 where ћ = hg + Ah 
2° 113+ 4070 41 (hy «oho. „Сӯр + Aw co, F - T Sco +4 So, 7 S to, | й) 
CA) T=S500K with data ш ا‎ qe РЕ АЕ 
AG = TE "o, 530) + 14,600 - 7667] + [о + 14 770 -gerz | — [C325 99) + 17,67 -4364 ] 


— Soo[ 212.11] + 4 (220.589) - 15+814) |} = 2.29551 є 2/64 
“Tho Table Valwe: 
Aun Ma ~ 234 So! фт St) э» lO fio = =- ZS. 027 loj oe 25-0257 
Clo ) Ts (goo R = ооо. Lot th dod Keo a dag مه و‎ Tv 2.22 


AG?=4 [100,530 ye [30,355 - #659 ] + $ [0+ [5288 -. реву) - Veris Laz ma- ana] - 
- 1066 [ 224.421 + 4 (243.47) ¬ 264.215 | * 195,685 ted] pwo! 


Then 
liae =~ 19S, 68 3 


(8-314)(tooo) 


| Table Value: 


logo K 2 - (0.222 log KK — 
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PROBLEM 14. 3 
KNOWN: The reach'on г; 
CO + М0 (9) => Co, «ы, Ci) 
FIND: Determine logok ад (2) 2986, Cb) woor, Compare tod Table A-27 data. 
ASSUMPTION: Tdeat $44 principles apply. 
AwaAursis: Fro 64. 14.31 In K>-A6°/RT where 





A = $e, + аң, - a co - juo) 


(ау 348K , weak data TAM A-25 


AG? = (-394,390) + (о) — (-133)/50) - (-228,590) 


f 


“23.640 KT /Kuwo | 

— 640 а 
In k= و‎ logo K= 5. O18 

(8.314 )(242.15) 


Table A-27 gives lose К fer «he. reac ho «4 
COL He, > соз H0 (4) 


as lo K <= —5.018. j мс i^ light of е. 14.34 and +ha acco many ing 
discussion ts in А} екем witu dhe cal culated Value. 


(o) loool, With data Tro xU. ideal ја; ta bles 





— O 


— = —о - = -9 — 
©) AG = | (he 267. + Ch toh du, - Ur Sh] co - Che + OT lu ос 
= — O ~ о — © — 
TO Seo, + $4.7 $ со - ؟‎ 2٥٤و‎ ] 
— 4468 | — | -UO 530+ 30,355 - $664 
= | (-393, S204 42,754-4364] + LO + 23199 — 29Р] — ( | J 


—(-241, &20 *T3$862—4404] ] - loeo 264.2174 le 6. UY — 294.421 - 232.597] | 


= 7 BOSS EJÍ we 


mks Bo am» 106. = OF 

(E 2i (ооо) 
Table А-У at (ооо. 4e Co + № => со+нг0, Кобо = ~ о.159. 
wes , Ф Со 4 Hr Ose Co, + Ha, (04, olL =~ + 0-154, 


TERRE | 
4. IT can ka used e 


PROBLEM 44. 


KNOWN: The reacth'on ts 


Find: Calculate 109, K at (a) 24€ < , Cb) 326008 and Com pare with 
values frou. iableA-27, | 


ASSUMPTION ZLdeal gos Princi ples apply. 
ANALYSUS: From Є4.14.31 lh Ks -46°/©Ё Т where 

де: Turt 4 4, - 3 ioca) C) 
ca) At 23$. 5K , Table А-25 data give 

Dos o^44Co)- (-228,540): 22,4٥0 امس ع )7ع‎ 


“Then 


In КЫ 722 590 =-~ lo К 2-40.0.5^ "——— — O) 
(gard oats) dro 


Table A-21 ves logo К = ~ 40. 04%, 
(b) At Зоо 2. = 2. боо K 
да [CR 620), + 4 CI Wo, - Ct +20) оер ]- - 
T LS < i ©. = 599) | 
Then, up (CUR X do. 545 +» ble d o. te. C or — 9— SES) 
A? = i [o + (614 00-F408)] + 4 LO + (67,08! - 268)) - C 7241, $20 + (въ, st2- 9904)] f- 
— 3.060 [ (86.2974 5 (268655) — 264.971] 


- l35,5ss.5 K«J]|Ewel 


Then 


ln ka enm =) lojio K3. S405" 
$314) (2600) 


whack Checks fue value from Table ^-77. 


— — (0) 








known: RKeactone ore. 
C^) Мо چچ‎ Н, +4 Or 
Co) Hito Z HO 
C) 7.46 z^ -H. О» 


EnD: Using Table А-27, determine 1040 К «t 2 Sook 
ASSUMPTION: Ideal gas principles apply. 
‹ 
ANALYSIS: For reaction (а) Table A27 gives logio KZ - 2.224. e 
Using Eq. 14.34 ) the accompany diseussion indicates that for Геасһом (0) ) 
lO in Ко) = — lo9io Кау = + 7:224. 4—^ 


For reactron CC) 9 (AG? )сеу = 2. ( 26°) (а) ‚ Then, with GS. 148 | 


In Key = — 426) „ _ 2262) 
- RT RT 


i te) 
In Keg = Zin Keay =Œ lofe Ke) 2.1046 Кеа) = чч 4— 
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PROBLEM 14. C 


KNOWN: For intar مم‎ la ton e Ta bie 4-2% logio K u илле 17 linean w Jr 
lojo {с = Ci + C [T 
Ua C, and C are constants. 
F (мр: 


Ca) Verify + he ‘a terpola hrm rule sr ploth'ng 10910 vs T 
fn 2005 Ге 2 урок. 

(әу Evaluate Ci) Cr fr Any Pair e { adjacent table entries 

in pi RG pera tue interval o$ Са) 


ANALYSIS; C4) For со. =? cor 4 Oz as an Rxawple 


log4oK 
№ 


-2.4 


-2.6 
4.0Е-4 4.4E-4 4.8E-4 
1/T (T ranging from 2100 to 2500 K) 


(b) The liveavity of logok vs. VT eyasests a more oocuxale scheme for 
iurerpolahing iu Table A-2771 from &ivaple Umear interpolahanm . First, let 
US determine C, amd Cr based ow Т 22400 Grand T22500K ant ea 


corvespending logok data for СО, а? cork Oa from Table А-27 : 
T=2400k : -—-[.60614 = C+ 2/2400 ‹ 
T2=2500K ~ =-(.440 = C, + C2./2500 


= 4.246 

C>” -14340 Y 
CL 

Tua, logok = 4.246 - 14340/~ (2400€ TS 2560k) 4— — — 


Let чл use Hus теда fo tne logok at T«2450k. . Thet is 
Dea k= 4.236 - (4340/456 = -1-5571 
C 


For Compan LS om , the value o bhun by durect leor ıe po lowa 
5 “1.5595 , whieh dal ra from the Curve fit volue by about 0.15%. 
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PROBLEM 14.7 
“Two aldernat ve waye o4 ev pressing the ammonra Synthesis reach'on: 


KNOWN: 
|. мю, + 2th Z юн, 
2. No + 3 Ha = 2WwH> 
Cub: Determine the Ve lationship between Чие deal gas egui lhi briivu. 





Constant: K, and Ку, 
Jas pr'ntrjoles apply . CT temperature з To 


ASSUMPTIONS Td eal 
e 9 
KDALTSIS: Fer the two Veachions +he coves ponding 46 ex pressions are 


= O —6 ~ 6 
(6°), = ану -1 дю, - & 9 


о ~ © 
Сдё° Јал 2 Зон; - 40. з 49 


Thetis, : 
Ge a) = з (56 Ja) Ct) 
Using Ga. 14.31 
In Кау = = C26*)0 (2) 
RT 
A 


Tuseriinsy Ge. (CI) into €. (1) and vsrng Еа. 2) 


- 2(2¢ Ja) 


In Kaye 
RT 


* 2 bn Ka) 


> 2 
=? Kays Key 
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PROBLEM 14.8 


KWOwN: Reachions are уреа ед as 


|. Co + ن حلا‎ SP Н, + со 
2. 2CO, = ACO + Or 


З. Tho 22 ZH, tO, 
Frob 





Shows that the equilibrium constant are re lated оч the 
e« pre* S606 С,» Сєз/к,)'*. 


ASCumperre NS: UJT dea | Sai princep les apply, (2) The temperature is T 


AVAL чбс Using Eq. 14.31 the egy; libri оил 
to {he faree reachous have thea буил: °) 
Ink, 2 —(49%› у лм к= = (aE) , l^ Kye се ч? 

\ CET ET RT 


Constante Corr- spon Lr ns 


Uheve 


zo - zo =6 
Сле°) л = Qut aoa = 3 ”م‎ 4 но 


6 am, o ~ O Ct) 
Саде) аль * co + Jor- 29% 
20 © 2° 
COG lm 281, + Jo- 2 d nio 
Fom Eqs.(!) rt follows that 


Сло) у z i С°) а) * cacha | 


Ac cor dà ^ qs 
(^ G^) C) 1 (= з) _ Co 6 a) | 
ean 2 2 — M emn 
= ET ET 
id ln K, = i C In Ky — lh ka | 
8— 


К, 


e, ————— 


Fo 
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PROBLEM 149 


Клец м: Reactions are Spec’ fred as 
D CO, + н, = CO + H, о 
2. со, R Coti 0, 


Бикр. la) Shew that Күт Klk}. Col Use the result from part (a) and data fro u. 
Tahle À-XT-e evaluate logio K, at 2AYK. (¢) Check the resuld of 
part (by ving Eq. 4.31 togedhaer w hth 21 data fron Table A-25. 

ASSUMPTIONS С C0 Т deal gas Princr ples apply. (a) The temperature MT. 


AWALTSIS, (0) For these reach'ont the respechve AG? €Xpre$$íoug axle 
o = - o =e © — 5 — б 
(AS Jay? $co t Ф "aq; dce,7 Oy Ha. 
о b — 0 ~ O 
I ITE co + t de, - 4 co; 
o —O m ants 
(AG Jes) х 9 м, + i 80, — д H20(¢ ) 
“Thus 


G^ €), = Ø 6°) ea) = (6$*)u) 


(Geo (леђа _ Gea way - Gedy _( acto _ ы 
: — RT RT 


—— ——— В —À 
RT RT Ц RT 
With Eq. 14.21 Р 
In к= lnk, ~ in к, = к,- — ————— A) 


K3 
(oy Rom partie) 
(о4о <, = [оўо К, – 1041 Кэ 
With veter from Table А-2 ал 24€ < Sy mach wm and3 
loq Күт (-45-066) - (- 40.048) * ¬ 5.0.8 — — lh) 
Cc) With З; lata frown Table A-25. 


(A6 т ( -137,150) + (-225,590) 7 (= 394 3%) —(0) 


2.38,6%0 ку | Kuo 


J, 


Then v" Gek logo KE – 5. 018 -——— (0) 
wk, = ET “ Ur114)022.15) 
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PROBLEM 14.410 
KNOWN: At 2000 < 


с) C+ $0, 22 CO , logi Ку = 7469 
(a) cra SZ CHa, 10g K2 = -3.406 
FMD: Evaluate K at 2.000 [< fr 
— оо _ سے‎ О — © 
(з) CH4 + Hos? зн. co (Ae 384 + Geo” Jers 9 нео) 
А=сомрт‹ом 5 : The Principles of Sec. 14-3 apply. 
APALTSIS' For C), (2) 


EN TET — 6 
су (де), у = 3 co - ae- фо, 
(2)^ o — © — 

) (да) о) = Эса a= 2.98, 


Also, fr the foilow™g peacthim Table A-27% Фу? 


(4) MaOz» Hz + 1 01 ر‎ !°д„К+с -3 S4 
ana for C4) 


(4) (4aG°)¢4) = ањ, + i Fo, - а uio 
Sob wee hag (г) from (1)* 
—o —o —o ص‎ 
Ay - Ge) 
as cnn (4^ 


e = — —e — 
(aes бв + е = eth = Here” Vee, 


= AG) 
A cC cor Ач ) 
e e e 
дез) = C&W. 989. А64) 
RT RT eT RT 


=> Ли Ka = Дл ~n + hn 4 


3 


c 
logo Къ = (0400 Ky 7 [оз Kx. + Logio (<4 
~ 7464 _(- 3.40%) « (-s.5*) = 7.337 


7 
=) ЄЗ = 2.173 KIO o —————————— ш 
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PeogLEM i«. (1 


known (a) One Ew Na Og dissoctates to form au ei l. or гош. 
мм наАге of год and MO2 ot 25°C, 2a. For № 0622 2 Uo, 
O6°= € «oo c I Tew el ot 25°C. ^ 
C») Oue E. et CHa dissociates tz form f. ео. libri on 
waw haire aÑ loook, v . Fee Ct2H; z» CH lo > 1. 
о о | Date | 2, ج‎ +, (0910 <= 1.011 
F/D: Ta ach CM de un ne teu BAU: lionivw Compe 30 fon. 
ASSUMPTION : Td av gaS wuy parait prina ples apple . 
АМА: Ca) Appling comservation of Mass 
| N204 جد‎ Ct-x) No 04 = Y NMO => N: 2Ci-x)44=2, or y>2x umar 1-х)" > 
ts аме vw t Ma OF pre tent w fle UMUC. T ha toht num ber жн 6 — 


К> [ ax 1 P/ Pref i 





"X + X 
. alax? . 8x? 
(- «Y tv) | d Ci) 


Using E9. 14.21 and the kuown 36° value. 
Inks ~- 5400 
(9.314 )( 243.15) 


Com kining Eqs. (1) and (2) 


=? Ks 0.11322 (2) 


VY > 0.11322 
lex 
5) ^. a322x^ = 01191 = жа o Ulf 
C4) 
Fest) tug egy hriuw mighre is io. 8&2 6204) 0.2% әбү سب‎ 
LCH ج‎ (1-к) € Hat 2x: +× C ر‎ whare n= 1+2 у. Then 


Cb) Mass balance! 
fo Cez 22 CH4 


Eg 1435 reads 
1-1-2. ЗК a 
к = mE "i cox (= | 
v^ 


(XX 25 (ax) MEER 
ov | = 
Ka ENT — = ا‎ 199106 = loil 
* 
=> 2 (2, = = < (+ 2% = 
= 56.415 = ( ا( ا‎ 
| ‘tera | | . ¥2 0.10 «d 
зд an gqo«ho. Solve r or Heram witha hand calculotr, X Fg; o H 
Ü Dr VA Muy aye Uu 
— 0.0 C3 — A 


$ 0.842 CH4, о. 2176 Ite) 
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PROBLEM 14.12. 


К моол (а) One lbmol о{ Ha о disso cra ег 4 form an <q о. (i 
С Но, Hi, Oz at 52000) «A. 

0) One —— Co, disso ссе te form ад є [фром huy tore Z 

Cor, CO, OL at ELDOR, |. Laha . 

FIND: Tor each Cage detevnune fre ex Heu 

ASSUMP TION: 

Ca’) 


bP Uwm waay pae of. 


7 dv wwen c сосе ‘afm occurt 
4904 $49 vac fure Principles App! 4. 


| o =» (1. RK) Hao + yl, + ж Os 
Н: L 2Ct-x) +24 = у? 
О. |= Ue т од = 2a ×2 


Цо -> Clee) но + к Ha + X6 О, 


where -X rS фе a movunt of Hao „хл Kimo! , Present un 45e Waixture, The amount of 
мге мг» US We Clem) te + x/A = Qex)/2 . 


At eguh Бегом IH; O = Ha +h 0, . Accordingly, Ес. (435 takes the foru 
Cx 3(X/2 Bes P/ Pref 
<> — 


_ — Phy) * 
be y к) P4) e) 


A4 кыш. Table РА qi vas for hoa d — OL, P loo K= 7l: S 13010 or k= 0.030682, 
Tuus ‚уч, олату wi dv. P/ Pret (dy 


=> 7s35yxo! 2 ү мые гага €x v^ eo Lahm Sol ve r or Чата dio 


Ca.) 
with a had Ce cae Xe | х= о. оф. T hus, Tr» AK fent 4, Lissociahm vo 0.392, سس‎ 


LES -| 


or 


(i) CO -> = Cl- x) CO1 A 4 со + ж Oz. 
C. Laci-x) +4 5 42x 
O. 2a rier) YATE - 220/2 
“Thus 


со, چ‎ (1-0) (0, + ч со + XO; 


where \*¥ is the amount of CO, jin keel, Present mathe мл МРС. The 
number of moles of "iv Pare ie na Cx) а Q +x) /2 


4+ КА со, = CO 4 i о, ` Accor би Г , Eq. 14.357 takes 1a form 
! — 
K = IL E — 
TEI x) (2. +0 /2. 


e x) ing) ар к® EMG РРА) 0) 
„ү A 24 


At Stoo, Toud- E siun (ve Со» <? co + 0.) |09oK= -= 0.6685 . Thus Eq. Cl) 


ves 


АКИО = (ZY \. Using an equahm Solver or ic афу m 
8 x 
with a hand Calceulaty, X 20.336. Th Axlew 4 Чока}! m ig 0:664 (b) 


|. logio K С ob Tx we d frown Table A-2743 USINS linear rater polah'm, Atty nah vel | 
Has. interpola бл (Po ملیف‎ { P^Aeble« (4.6 Can bp» used. 
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PROBLEM [4.138 | 
One lbmel ef C, reacts vt^ Эмо! of О, to form an ед о, libin ry re, 
of Сог, CO, and Oa at 5400 °R, lote. 


Find: Determine tne eqli brrum comporh'on. 
ASSUMPTION: The equilibrium mixture "з modeled as an ideal gas miyiusre, 


Клоо М: 


ANALYSIS: The reaction bakes the foro 
C+ 20, چ‎ х CO + 4 Co; + 2 Од 
Baianei ng 
С. ts xey Dy 21-х 
a =m arty 
О. 42 к+ 239422 7*2 4=х+20-х) а 2* 2» х= 1+ 2. ы — 
ти» 


C+ 40. ә x со Cx) со, + (1+ X) 6, 


The owevat of mixhire pin basip E ne Xe Сік) 4 (1+ 2): Gerd. 
At е4 өсі ibrium COs LO + 1. z Oa i Accordingly j Eq. 14 85 Jokes -the [er 


Ih - 
K + LIC РР tn 
C1-*3 Ne 
Vey 
ev 44%. 
At 54060°R ; Table А-27 gives оа, K: -0. 49S => K2 0.32734. Thus 
la. 


x Ltx 
0.321342 a 2] 
M cs hand calculator, xz 0.309. 


MSN an eornm solver or фама. лл ادت‎ 
l; "Div v Mua hre vo 


Tha agui 
{ 0.394 СО, 0.691 Соз, 11545 о, $ 
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PROBLEM 14.14. 


Клос м $ Three cases are Prove ded in volving T ^a formah on e2 жае us trogen. 
FWD. Оло у de in forma him about tla e$90vlubrive wax hae we 


| ach Caso. 
Аѕ$5ом отго гч S T daot Fao VArXture Principles رام‎ 


ANALYSIS.: Ca) Ока Curent | 0.04 disscoutats at 25°С, latin б form an еч. (бка 


МААК Mar е جت‎ + 204, Noor $ ما‎ Wh tn معاد‎ ами f №04. present wv O- LISA. De tarum 
H anov 4 Iu Оа tt would leg present ы] aw * 1l prive wu hure at 26°C OSa hau, 
Мод CI- 0) №04 + 2x NO, 


The амлоки і of nix hare i's n * (-« \ + 2x = LEX. 
At ада. Г.ни Ma ©з ш>» BNO, . Accordingly, Es, H3 taker the foru 


p Сахт (Pree 


— — — — 
Ci-x] Ie x 


К > дк“ ( рр) 


ae ® 
As K depends on T whiten vs о ес 





(^ both cases 
a 

4х, EAE 4K, P, 

ox frag le K` Pag 


P= latm and 2 denoter {he care 


) к= Ky or 


Wwheare | de моје the cafe 


Р.о. {. Thus 
G 
< 


l= (< 


p 
" OS X2 








[5 
(- х, 


From te given in form a h'on, l- x, < б.у Sd х, 2 0.196 . Accor ding ly 


LS 2 0.070554 . Solving {оз quadra he equehm, X1-0256T. 
ے2‎ 


ай 53 


The — N+ 04 Present 05 then 0۰7433 Коло [ес . 





са) 
Co) l kwe! NO, loce О, 4O киі I aaae t G form & 249 Vi libri ve wuy to 
4 X hun, NOOL] ot Sove, Alatm: Iff оо +40. Z No, Ез(ъе o7 SU 
die voa vs She 24 v. lo гуми wk hare composshin. Th» Asche à daocp lae d by 
| NO +10 05 4 to’, ә (i-x) NO + x 02 + (о - охх) O, * 4o Юу 
han 2 Sl—o.Sy. E qva ha. 14.3г takes tus form 
| =| = Vo tu i/ 
— X — _ (2) зочи pur 
Q-x)Cio-70o,Sx]72 S| = 0.5х E lex 10~0.Sx 0.1 

The Ма las 4 Кы given aco 020. So 


S1-0,5%X% 


| 
2. 
27. 7473 = бт 1052) . Using an езоо ол selver огол 


With a hmd Сасе X 20.443 . He suilibriunm way юла (д, 3 0.057 NO, 0.943 Oz) 


q9. Oz, 40 Ml 
Іл А.» — 615 Ma hes han aa inert 24 Ma also 
GASES Are EEO Rectan ыы Co outa loe рр (се 4. 
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PROBLEM 14.14 С Сомћиче4) 


(с) Aw ето: vala Wen fers 
Ила truce 
RS 
Tw» лаа с | ہہ‎ vo do scr: bed b 


n. 1200 © woookK. 


Qa. wa Vs ^ €o c tr G fo run Фа eg vi hi bri Uw 
Plot th. wole frach m4 NO vertus T 


| N, + 10, > 2x MO œ Clo X)M, > i-J OL 


The Ameunt Wax Hare vo 
Tus, th, vele баст ал f NO 


Yno = Co d = х 
2. 
For 1м + 4 02 Z 
|] - 
T M , | — * 
(C091 ^ mw 


lare te tern (Ме drops out a Y е \/а (ол ha Sic 
и 


Selvin 
ә K (TY 


х= a 
2+kK(T) 






4 
Am. 


AA. e. - 


654х107“ 





2A VWcolc 
AVA DT 


Oel X 





= 
a 


A 
8 


=2X+#Cl-x)+Cl-x) = 2. 
аи the е? осі Бегим wuy be re te 


NO) €4 һе lq 307 Hekes To form 


pas 
(t - x5 





lation... T921206O К. From Table. A-27, leg. K = - 3.275 æ kķ = 0.0005309 


То obtain data fer He requived plot, use UT, ad follows - 


IT Code 


Т = 1200 //K 
p=1 //atm 


/| 1 N2 + 1 O2 
nNO = 2 *х 
nN2 = 1-х 
nO221-x 
ntot = 2*x+ 2 * (1 - х) 
УМО = nNO / ntot 
yN2 = nN2 / ntot 
yO2 = nO2 / ntot 

pref 21 // atm 


===> 2x NO + (1 - x) N2 + (1 - x) O2 


// For the reaction 1/2 N2 + 1/2 O2 <===> NO 

К = (YNO / (yN2 * yO2)^0.5) * (р / pref)*0 

// Data from Table 4-2:3 are stored in EQNO.LUT. 
log(K) = LOOKUPVAL(EQNO,1,T,3) 


pote Hot at Тоок , very littl No 

is formed  whnnr ok T=2000K, 

oM of Ило. M. hah combined with око дё 
to form No. 


x (x 10°) 
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IT Results 
T (K) K X 
1200 .0005309 0.0002654 
1300 .001015 0.0005073 
1400 .001941 0.0009695 
1500 .003155 0.001575 
1600 .005129 0.002558 
1700 .007656 0.003813 
1800 .01091 0.005428 
1900 .01503 0.007460 
2000 .02000 0.009900 
100 
80 
60 
40 
20 
0 
1200 1300 1400 1500 1600 1700 1800 1900 2000 
T (K) 


PROBLEM 14.15 
KN OWN : One Kmol of Co dissociates de form an equilibrio. wuy tare 
Of { Co co, 0.5 02 Tip 


FIND: €) Fr T= 3000K | plot tre. avout ^ CO pAseent ‚ых Ruel 


vertur pressure {= Lo rs [О ata. 
(o) Fr ps dete, plot tae avout CO present v^ Rut, 


vertus tewpere ture Ҷо 2000 < Te SSOOK 
ASSUMPTION: The idee! gar wodl applies. 


AWALTSIS: The reaction takes tho foru. 


О - X 

| СО. — x CO + (01-х) ео, + 2 О, 

Tha, Amount f vg hare Us N= ке((-х) + 2 = (te 
Ах е ы ком. Cor 22 COE} О, j so 


la itt = a 7, 
хк) P/ Pret ® _ у | — с) 
© к" [= ¥ 1+ Xh ee en: ed С) 


ca) T= 3000K . Table А-27 Gives logo K 7 - O.45T oc К=0.32 7374. Then 
еф) р е сома 

X | x 1^2, 0.32774 

l- x. 1 Е Cr 

So\ving and ploth ng ı Wwe JEE 





. paw! 
1.000 | 0.436 0.5 
2.000 | 0.370 
3.000 | 0.333 0.4 
4.000 | 0.309 
5.000 | 0.291 = 03 
6.000 | 0.277 5 
7.000 | 0.265 о 02 
8.000 | 0.256 : 
9.000 | 0.247 - 
10.000 | 0.240 | 
0 
1 2 3 4 5 6 i 8 9 10 


Tuus, ak fired tempera Fo Haa уо Л Со in the ето. рк, ue 
Wiyture decrearen ac y^ sence ince engeta , 
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PROBLEM 14.15 (Cont'd) 


02. 


(b) рє! ойм. Мол becomes — = KOD. 


i~ A 4- X 


муд сыз. From Table A- 27 at T= cod К ر‎ 10g,,K =-0.485, Tho 
К = 0. 37124. Е, х= 0.4302. 


The data for the vequired plot ave oblacned usina IT, as follows: 





IT Code IT Results 
Т = 3000 //K T(K) nco (kmol) 
p=1 //atm 2000 0.01494 


2100 0.02524 


Piao — ا‎ ELE 2200 0.04048 
nco221-x 2300 0.06207 
nO22x/2 2400 0.09116 


2500 0.1287 
2600 0.1754 


S 2700 0.2309 
yCO2 = nCO2/ ntot 2800 0.2946 


yO2 = nO2 / ntot 2900 0.3638 
pref = 1 // atm | 
3000 0.4362 


K = ((yCO * yO2^0.5) / yCO2) * (p / pref)^0.5 das — 
3200 0.5775 

/| Data from Table 4-24 are stored in 3300 0.6418 

EQCO2A.LUT. | 


log(K) = LOOKUPVAL(EQCO2A,1,T,3) ce ЕЕ 


піої = х + (1-х) + х/2 
yCO = пСО / ntot 


PLOT: 
0.8 
0.7 
06 ; : 

When pressuve is held constaut, 
= 08 the amount ef Co preseuk at 
NT equ UU brium in creases gren 
P with Т over the range of Values 
2 0. t^ Hrs problem . 

02 
0.1 
0 
2000 2200 2400 2600 2800 3000 3200 3400 3600 


T (K) 


|. Ка Can йе written PES 


06) > х 357-50 о 


PAM 
= XK 
“The AteR root уен cuere е зоо hmi 


7 ¬ 3 
X = [r+ elise gy ^] 2 [r-rtLi-r] J whee D =. 
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PROBLEM 14.16 


К осле : L lowe Hac dussocate: +o (or u. an eq vili brio Мда jha re 
of Но, Ha, at Тур. 
Р wD: Co) Fa T= 5400 ®. j Plot {la amend 1 Ha. pat peut (nthe илл 
VENUS prestare f IS Ps loam. 
Cn) Fir pz latm | plot the amount L Ha. paar Verus Te о 
Зооо <. T € 6900'R. 


ASSUMPTION; Ldew? Jas рми с ples ро (ч 





Амд: 
Th, machon takes hs foru 
| Ho > U-x)H204 к Нь + h OL 


Tia — A vay He a We (еек) +x + /2 = AY ` 


А+ Ae vl bre ои l2 © 2° 9, + ioi К Than ES Ё. 37 tak es t~ fo vl 
la Ux A -( a V. 
© к= xO) Е ) = BUD С Р/Р] Å Ce) 
Ct-x) -+Y )e. = e 
(a) T2S4oo?R . Table ^-2t1 que loa К = — (6343, k: 0.64539. ¥, 
алс) lae елм? 
Є: х ра" 0.04534 
Solving ons e ons 
0.2 

p (atm) пнг (Ibmol) zu 
1 0.1476 = 
2 0.1192 Е ол 
3 0.1050 = 
4 0.09592 E: 
5 0.08938 
6 0.08435 0.05 
7 0.08031 
8 0.07696 
9 0.07411 0 
10 0.07165 1 2 3 4 5 6 7 8 9 10 


Thus, ar fea perpara ha’ € ما‎ E ur 1-а 253 о, Ол, un 


may hare decreases On (59e ги Си е2. $ 





l. See note | 4 th. бо (о Һ onto problem 4.157 
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PROBLEM 14.16 C Conttnued) 


(ө) 


Р = | oct vA 


Equehes C) tates th torn 


K(T)= 


Sample calc 
Solving , x= 0.1476 . 


The dota for the required plot are ob tuned using UT, as follows - 
ІТ Code 


T = 5400 //°R 
р= 1 //atm 


5850 
6000 
6150 
6300 


Tuas) at еч 
Ww مکل‎ 24 Ur lihri ov nux ture 


xL 
1-х 


ow. From Table À-27 at T= 5400 *&. | los o k 2-1. 343 2» K 20.0153'| 


х 7% 
tX | 


// H2O © (1-x)H20 +x H2 + x2 O2 
nH20 = 1 - x 
nH2 = x 
nO22x/2 
ntot = (1 - x) + x + x/2 
УН20 = nH20 / ntot 
yH2 = nH2 / ntot 

yO2 = nO2 / ntot 

pref = 1 // atm 


// Forthe reaction H2O © H2 * 1/2 O2 

K = ((yH2 * yO2^0.5) / yH2O) * (p/pref)^0.5 

//Data from Table 4-24 are stored in EQH2O.LUT. 
log(K) = LOOKUPVAL(EQH20O,2,T,3) 


K 
0.0002884 
0.0005258 
0.0009183 

0.001332 
0.002056 
0.003922 
0.005970 
0.008814 
0.01272 
0.01797 
0.02491 
0.03391 
0.04539 
0.05961 
0.07733 
0.09897 
0.1251 
0.1566 
0.1941 


CV е 073-97 ·‏ سا 


n2 (IDbmol) 


0.005485 
0.008174 
0.01183 
0.01514 
0.02016 
0.03084 
0.04061 
0.05232 
0.06629 
0.08271 
0.1017 
0.1233 
0.1476 
0.1740 
0.2030 
0.2341 
0.2671 
0.3018 
0.3380 


PLOT: 
0.4 


0.3 


0.2 


Пн2 (Ibmol) 


0.1 


0 
3600 4000 4400 4800 5200 5600 6000 6400 


ТОСЕ) 


ssuve HV po pent 


лл C r Cagen vo tempera lo 
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PROBLEM 
KNOWN: 


F( RD: 





ASSUMPTIONS: Ct) udo Gas Principles ap pla. 


l4. 17 


l 


lbmol of HO plus 
waxture od 


X билә! 
S«oo?R and (ah 


Ne fore an equ], br oun 
con sis hng of Ho, Ha, Oz 


au d №, 


Plot He Qwout 4 Hy present [и the uuyture verrus х, ёк E 2. 


А ео AUTSIS: 


“he омо ок { 4, Var? pms اا‎ 
Fy Н.о 


K 


(2) №, ic inert, 


UY WwW naach om сә 


| H20 + x M, > (t-«)u0 + aH, +2 О +x M. 


+ aa x [+ Ae x 


2 Н, + Or, $4: [ +. 35^ talle c ما‎ Tor ^ 
t Ue lA - 
^C > af Ale к ү" 
| ~ol {+ +X l-a Pry — 


Fran THe A-2% at Nov, Аадк = - (343, {20.8 37. Se 


= | 


| ok 


eX l2 


Yo 
| 2 о-о4Е3Ф% 


е 


Sowing Oana ele MERA 


0.900 
1.000 
1.100 
1.200 
1.300 
1.400 
1.500 
1.600 
1.700 
1.800 
1.900 
2.000 


ex 





0.177 
0.180 
0.182 
0.185 
0.187 
0.189 
0.191 
0.193 
0.195 
0.197 
0.199 


0.201 


0.25 
0.2 
0.15 
0.1 


0.05 


“That, 


Mo алУ (Бегом Vary furry € 
— — JA inert Jo — (ACreoQ» . 


j la. +h амо ом t "b Ha vk‏ &5*4009 چە 
co fre‏ معممعب اہ 
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PROBLEMA 14.16 


KNOWN: di ева й lure of CO and o, reacts te form an es vil: bri vu 
FIND : Deternune - we, efh ct of pressure ou the Counpos: tion 4 Toa. Wa Lore 





ASSUMPTION: The equiliariom mixture is modeled as an (deal gas игу fore. 
ANALYSIS? The veach'on takes the form 


CO +O, — x CO, + «Со + BO, 


Balancing 
С^ ъа Kee , AZIX 
, - | - а: X 2 2-* 
O: 32 ака Ск) a 2K , B=! x 27 
Thus 


Со — x CO, « CI-X) CO + Ctr X ) 6, 
The awount of мгу are 15 nz Xt (IK) + (! “(= 2-2 4 - Y 
. 3 


ine 
At equillbrium CO, E> Cota О, . Accordingly ,E9. 14. 37 takes the fru 


e ا‎ оган leq! 
X — 





^ h 
K = CF FER] 


A1 JOOK у) Te94 A-27 gives 1090 Ка — ©.4 $317 K: 0.32724 . Tius 


la '/ 
(^ 2-Y pow 
О. 327242 ) xl [ Gap | i 
The following plokis oblamed using LT with рс =1 ah : 


0.9 
0.8 
0.7 
0.6 
0.5 
0.4 
0.3 
0.2 
0.1 





p (atm) 


From the. plot we conclude Hat the amount of CO, preseut at equil реет 
olecvease. oA pressure decreases at T-3000k. 
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PROBLEM 14.14 


KNOWN! An equimolar mixture of CO and НгО (9) reacts +o fov an eqorl br مما ں,‎ 
mixture of Со», Co, HoD, aad Н at 2OOOK, late. 

FINO: Determine whether the amount of Ну formed increases or decreases 
as temperature decreases . Also determine te a feet of pressure onthe 


Qwound of H4 formed. 
ASSUMPT O N: The 29 vi li brio mix ture T mode led ay 2и ‘dea | gas lary bye. 


ANALYSIS. The reaction Joker the form 


Cot Hao —» z Со: + BHO TCO +x He 
с: la Ard ZR )ادم‎ 6 
О: Zz ®&+@+$ 
Fra atty , ASB, Yul-x, Ё: 1-х . Thus 


Cot Ho —» x Cos + (1=-к) Мао + (lax) соъ х lds 


The amount of very ture cs AS we Ск) у Сек) exe 2 


At aquili طا‎ rium Co, + Ho — Co + НгО . A C co c da v.e ly, 64. 14.3f ta kec tha, 


= 


(tll) 
К => Ci «3С x<] А 
Cxxx: ” 
or 
PA 
=. qp 
Ke (e 
Thus 


^N 
Wee پا‎ с) 
Solving Eg. (1) 
\ 


it VR! 





х = (2) 


Observe + hat pressure drops бол of the final ex pression. Accondi ng Ny, 
pressure has ho effect on {he Amount of He formed. | ام )سه‎ 
Referring to Taole A-2F at 2000K, log = 0. GG > K= 4.52 #95, whereas 


et (400k 104ьк= 0-619 D 415911. Tt follows From Є4.(%), thevefore, that 
х Ineveates o4 T decreases. — سه‎ (6) 
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PROBLEM 14.20 


[Ее юзу t Determine rz 
ASSUMPTION $ Th e едо. бии ce oo v e is Ило де led aS au eo e c S acd 
ANALYSIS’ The Feachon cS 


Whee = 0,91. Then 


н: 2- 209i) ^ R = fa 9:8 


So 
| 4, > O. A4 Нн, + OWBH 
The aworunrk of yay hare С» N= O.4i +0.18 = 09 
А+ едо. (, bz ov н, =” 28 So Es. (4.35. debes |2 fore ns 
| & 2.-( 
І (O 
K = (Оша LEG = O26 
(0.9!) 
(D) “sew (оўо C= -O. 466. Tnt pois Калу m Trot А-2% T= 3468 K ««*— — — 
Consider the case o} іо Yo dissocda him: | Hi = O,GH, + Q.2H . Then 


І ' ; ~{ | 
к= (Y 27 = 0.404 3 logo К=-0. 344 => т> 34-386 
(0.4) 


is Каз pacha 4 Tebu А-9 ر‎ T mereaset 00 te percentage Ff 
Ha. dissociating increases ( 4-0. j Qo fi, Around 4 +, ux fhe озо олгон 
wax мге. dec ean). 


\. Lina inday poloh ہہ‎ v ued here. Alder reh ea Us | fu р مله‎ 
۹ Prelilec. 14.6 Can he invoked. 
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PROCLEM 14.2. 


KNOg 2. I el of Со, dussocca te Te е e^ еа bile اباط‎ sary fur 
of Со», СО od Оз ёл wow (-8 киі ù prosent о te ope co Боа. 


T ave pressure р. 


FIND PlotT versus p Хе оу < Ф < 10 atm. 


А$$омрт рч: The eg vil: brs um mixture i£. modeled as an ideal gas wx pure. 
APALYTSIS: The reaechion tates the form 


2 CO, —» |.8CO, + « CO + & O 
С: 22 L84 985 «3 02 
о 4+ 09)0) +02 +23 D |}: 041 


Thus 
2COÓ, —» 1.8 co, + 0.~COt Ол Og 


The a коом T winx ture vs n= 2.1. 


At equlibrivm CO Z CO + A О, . Accordingly , €4 14.25 takes the for uw 


ч Vid 
K: Lo.21(o.!7 * Pl Pret а 


1۰8 2. ( 
Sampie caleu law 


Soving for p, wih Pref = \ 


0.4 


Р = (E) [ eina. 0.1454 atw, 


0.2 


The data for Hre reguwedl plot are obloined using UT, as {follows : 


lí Code 
p = 0.5 // atm 


П 2 CO2 — 1.8 CO2 + 2 СО + 0.1 O2 
nCO2 = 1.8 

пСО = 2 - nCO2 

nO2 = 2 - nCO2 - ПСО / 2 

ntot = nCO2 + .2 * 0.1 

yCO2 = nCO2/ ntot 

yCO = nCO / ntot 

yO2 = nO2 / ntot 

pref 21 // atm 


// For the reaction CO2 « CO + 1/2 O2 

К = ((yCO * yO2^0.5 )/ yCO2) * (p/ pref)^0.5 
//Data from Table A-27 are stored in EQCO2A.LUT. 
log(K) = LOOKUPVAL(EQCO2A,1,T,3) 


2/00 


2600 


2900 


T (K) 


2400 


2300 


2200 


[Т Results 


K 
0.01714 
0.02425 
0.02970 
0.03429 
0.03834 
0.04200 
0.04536 
0.04849 
0.05143 
0.05422 
0.05686 
0.05939 
0.06182 
0.06415 
0.06640 
0.06858 
0.07069 
0.07274 
0.07473 
0.07667 


C1) 


: 732400 К . From fable A -27 , leq „Ег -1.614 $ Kk 26.020684. 


For fixed composition ; temperature 
increases as pressure increases. 


PROBLEM (4,22 


бош еч: One € wel l2 OC4 ) dissoet ates -fo ©, u سمه‎ =з о‹ ПАГА sey tena 
of 14.009), He, en Оу w اماس‎ oe Ма Amount 4 wa fa- Verner [re 
и о.ас ка M ou eo e T бой pessum р. 

Fired: Plot T versus p fe <р sio e. Tw. 


ASSUMPTION. The eq url: Orvum ил: hure S modeled al au Weal gas wiyhve. 
AMALTSIS: The reaction. takes the fovu~ 
| 40 2» 0.83$ ЊО + « Hat BOL 


Н: La 1.44 2% | & бөр 
о. t2 OAy428 , f 20.02 


“Thos 
(14,05 0.945 HLO * Oor tht 0-027 Or 
“The Qwmount of мде vs 1-025 kmol. 


At 2quilibrrom Но 2 Hti 4 о, . Accordingly , Є. (37 («ter {he fora. 

К = [o. ec ro. oor] “ T M (¢ ү, e} 
Sample же, T=2b00 К. From Table 4-271, leq, K = -2.038 ® К = 0.00410622., 
Solving for P Lot Prep ^1 atm 


A 
_ [1.025 M (0.903[622) cons) | _ 
P | 022 )| 0.05 = 1.242 am 
Thedata {r Ho vegured plot are obtained using IT, as follows - 
IT Code IT Results 
p=1 //atm T (K) K p (atm) 
2568 0.00822 1.0 
/| Н2О —› 0.95 Н2О + (1 - 0.95) H2 + ((1 - 0.95) / 2) C2 2613 0.01007 1.5 
пН2О = 0.95 2646 0.01162 2.0 
nH2 = 1 - nH2O 2672 0.01300 2.5 
nO2 = (1 - nH20)/2 2693 0.01424 3.0 
ntot = 0.95 + (1 - 0.95) + (1 - 0.95)/2 2711 0.01538 3.5 
yH20 = пН20 / ntot | 2728 0.01644 4.0 
yH2 = nH2 / ntot | 2743 0.01744 4.5 
yO2 = nO2 / ntot 2756 0.01838 5.0 
pref=1 //atm 2767 0.01928 5.5 
2778 0.02013 6.0 
// For the reaction H2O <> H2 + 1/2 O2 2788 0.02096 6.5 
К = ((yH2 * yO2^0.5) / yH2O) * (р / pref)^0.5 2797 0.02175 7.0 
//Data from Table A-27 are stored in EQH2O.LUT. 2806 0.02251 4:9 
log(K) = LOOKUPVAL(EQH2O,1,T,3) 2815 0.02325 8.0 
2900 2823 0.02396 8.5 


2831 0.02466 9.0 
2838 0.02533 9.5 
2845 0.02599 10.0 


2800 
Z олов for fixed composition, temperature 
-= (ucreases GS pressure LACYOASES. 
2600 
2500 


PEOGLEM 14. 227 


EWown. A vessel "heu nhung | Kel cQ Holga) 0—0 x esq We 
for v^ ^^ equ |. rco nuy haa at (at. nl Feny A T 
— 4 hota), hoj OL, Na www б.с кы 4 H2 0 C4 
vo Гам. 
Емо: Plot х versus Tf ww < Te 35 оо ІС. 
ASSUMPTIONS C) The ПЛИТА илгиле TS modeled a? an ideal gas 
miy hare. (2) Me fs. гие. Ъ- 
AMALYTSIS: Тие reaction takes the fru 
| H,00g)+ x &, ә 0.5 Н0(4) + AH, + Вох к А 


Н. 2= (OSX) #2 2 =) x: OF 
O: ts оға? Ё = B: 0.25 
Thus 
| Но (4) + x №. ود‎ о.ўњр(9) + OF Act O.L O, = к А, 
= (eX. 


The amount of лк мге FS A= оАо: УА 0-2) 4 ¥ 
At equilibreum Но 2” Met O, . Accordingly Ea [4.35 Чыке the forn 
К = losTors) * (^ 

Co. $1 2$ €x 

Since p/preg tl, Vw reduces to 


о. 5 6,25 
К (1.2.5 хү: > $ KCT) § 
Sowple calculati . From Table А-27 at T= 3000K, log aK = “1.343 => K = 0.04534. 
Thus X = 120.0. | | 
The data for Мо vegauredk plot are ob kuned using IT, ал follows : 
IT Code IT Results 
p=1 //atm T (K) K x (Кто! of N;) 
T = 3000 //K 3000 0.04539 120.1 
| 3050 0.05346 86.24 
/| H20 + x N2 — 0.5 Н20 + alpha H2 + beta O2 + x N2 3100 0.06295 61.84 
nH20 = 0.5 3150 0.07345 45.09 
alpha = 1 - 0.5 3200 0.08570 32.79 
nH2 = alpha 3250 0.09897 24.27 
beta = (1 - 0.5)/2 3300 0.1143 17.89 
nO2 = beta 3350 0.1309 13.34 
ntot = 0.5 + alpha + beta + x 3400 0.1500 9.866 
yH20 = nH20 / ntot | 3450 0.1706 7.339 
yH2 = nH2 / ntot 
yO2 = nO2/ntot 120 
pref 21 // atm 
100 
// For the reaction H2O <> H2 + 1/2 O2 zu 
K = ((yH2 * yO2^0.5) / yH2O) * (p/ pref)^0.5 y 80 
// Data from Table A-2are stored in EQH2O.LUT. Б 
log(K) = LOOKUPVAL(EQH20O,1,T,3) ع‎ 60 
x 
foc (med Composition, in Yams eC Heo, — " 40 
lH. and 0, (he олмош of iwert Na ТА 
requwea дехлоафод as He Jeuperabuve 
ри Weates at fixed pressure. 0 
3000 3100 3200 3300 3400 3500 
T (K) 
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PROBLEM 14.24 
IC A9 0UoN : 
одо | مہا ٢ہ وا‎ Улам kare of Na, Oa оа. Мо form s ot 
F/nD: Plot the anevnt of NO formed versus T: 


ASSUMPTION? Tha ideak Sac modat applies 
ANALYSIS: “The reach m takes the form 





20 +10, — х Not yO, + 2 МО 


4- 2х +2. у Z= 4-2x 
O: 1: ауд د‎ te Ry 404-24) = y- x-i 
At wl briva 40,47, MO. Ac cov dinda 
> О 
K = (4-2x 


Cx- nn х] К 


P CES [4-2x] 
[UR] э me paco 


A vessel im hella Contwins Zlib nol 4 Nr and | lbmeol 1 O2 . 
latm) T. 


CV) 


This expression 1s о. quadvalic equa dun Yat com be solved analy Hele for X 4s e 


functum ef KCT). 


n, X com be calculated for aven values of T uc ing data for 


~ 


Ст) from Tolle 4-27. Mternotively, dala for tus required plotare obla. ue d. 


Us Ma IT, aS follows : 


IT results 

It Code T(R) 
p=1 //atm 3600 
Т = 5400 //°R 3800 
4000 

12 N2 + 1 O2 ===> х № + (x- 1) O2 + 2 * (2 - X) NO 4200 
nN2 =x 4400 
nO2=x- 1 4600 
nNO = 2 * (2 - х) 4800 
ntot = х + (x- 1) + 2 * (2- X) 5000 
yN2 = nN2 / ntot 5200 
yO2 = nO2 / ntot 5400 
yNO = nNO / ntot 5600 
pref 21 // atm 5800 
6000 

// Forthe reaction 1/2 N2 * 1/2 O2 <===> NO 6200 


K = (yNO/ (yN2^0.5 * yO2^0.5)) * (p/ pref)^0 
// Data from Table A-24 are stored in EQNO.LUT. 
log(K) = LOOKUPVAL(EQNO,2,T,3) 


0.3 


0.2 


nuo (Ibmol) 


0.1 


0 
3600 4000 4400 4800 5200 5600 6000 6400 


T CR) 
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К 
0.02000 
0.02663 
0.03441 
0.04342 
0.05366 
0.06510 
0.07774 
0.09146 

0.1063 
0.1222 
0.1388 
0.1566 
0.1750 
0.1942 


nuo (Ibmol 


0.02799 
0.03713 
0.04779 
0.06002 
0.07379 
0.08898 
0.1056 
0.1233 
0.1423 
0.1622 
0.1828 
0.2044 
0.2264 
0.2489 


AS tau perature ue (eases at fixek 
pressure , the &Wowck of NO qw We 
equalibrium MA ue, Increases. 


PROBLEM 14725 


KNOWN: A vessel гае тапу covlararag l kmol ef CO mud 4.76 I (olt ef dry arr 
forms an equilibrium mixhre of CO, со, O2,4nd Aa at ?oook latm. 
(о ` Determine Ёле eo о li br) vi Com postr hon. 4 


ASSUMPTIONS: Ths Фу Юел и sure modeled ©з an deal јар дуе. (2) The 
‚Юм iS inert. 
AWBALTSIS: The reaction Hakes the form 
| CO 10. +3.76 Na —» X CO. - Beo + то, + 3.76 22. 
ct: laath 3 BZA 
о: = 24-843 Ү > 3 =204 (зн) 2r 2 Ус i“ = 


Tuus | 
| CO4 10, + 3. 7G P4. — X Co, + ((-*)co * (1-2) о, + 3-76 ^4 


Tre Amount of Mary hove is из et^ Cr-a) + (= 5) 43.76: SEX- &, 
А+ ГГА Co <> Co + % 0$. Accordingly Es (4.37 tutes fáe fo ru 


‘la Ua 7, 
„ Cea] LAR] f Pref анай 
» а Ui <= = 5 = Leno 


Fron Table A-2% «X 3000K, lo К> - 0.407 2) К= 0.32292 4 . Thu: 
0.327231: Pa [225 

Using an equah an Solver or iteration with a hand Calculator, A= 0.828. 

The 2quilibrivw сие how = 


{0.528 Co, 0.492 C0, 0.736 O4 3.16 N23 : 


PROBLEM 1446 


KNOWN: А vessel 'uitvally containing | kmol 91, * kmol Му, 1 ккө! Ar forms 
An еў. (олом меу мее of Ox, Na) NO, and Аға focok, laf». 
Fmd: Determine the equilibrium compon'tion. 





ASSUMPTIONS. (1) The тео, (игин Маер е iS modeled ау an «deal gas. 
Q) Argon is inert. 
ANALYSIS: The reachion tates the forum 


lOa 2. № tl A,r > KO, + SI, ex No + 1 Ar 
O: Lazat yJ Nala 
N: 4:26 422 2 
Thus 

lOt +1 Аг — (-2)0,+ (2 IML + x NO + LAr 
Tre amount of were it. na (1-5) (0) ж tel oF: 


At equilibrium 40, «d D, 2? NO. Accordingly , Eq 14.35 tater the form 
1-1-0. 


X PI x 
К = — — — => = — — 7* 
emen * ® 
At 3000 С, Tobder-2% gives [0yoK? -0.43 ® k2 0.12218 . Tuus 
© 


0.12218 = 


[-&х°-%)1°* 
Using an ah Solver or (70d own wri Tt. a hard Ca V eula tor | Хх: 0.162. 
Tle ао. bori ula Comne s hm tg 

10.14 O, ,1.4!4 юм o.162 NO, IAr} 
|. Note +t СР/ Pref) drops out 4 this хрос 0M. 


ap —— — — 


PROBLEM 14.27 





KNOWN! One emoi CO €^ d O.S кл! О, react do form j со, , Or, cot at 
P. When p= latm; 0,35 kuwi of CO is present in the едо: (бемол Ич Fave, 
Есю? * Oe lervuune the  avooat ef CO present u. aa eq u. li brt tes agha e. 
ot T) P= (Oatu, 
ASSUMP тоге?” The equili hrivna ил hare PS pended ead as an (des JES. 
AvALTSLS? The reacton takes the fora 


CO + 0.5 O4 —» aA Co, + f3co + 0 OL 


eu { = ex + B => x = ~ 8 
О : 2 US %Ci- (6 ) ~+ R te LY 
=> y= E 


Fw waus cag jns (1-8) + (2 * e = ı (6/2). For Со Z? coc iO» 


Eq. N.35 reads | , Т 
К = f (ele) ` Pl Pet < CO 
Ci= 6) i+ (6/2) 


Twas, w haa ۾‎ = ٥۰35 and P= Prep ) Ue get 


V Чг 
Е e S — ص‎ o. 
к = (0.35)(0-175) l سل‎ 2078 


(0-6 


Thea 
S (илл T مہ‎ v^ а ае, ашшы. [< AQ ve no un Cr А . J 
anado 


w it~ e= LO a №, £4۰) 


a (eh) ^ T A. 
0.2018 7 lr 





ot "TYH = 
l-6 z+B 
Using an Ravan m wivey ov^ red mw Ut. > МА «لشمدلى‎ 
O Cr о. 18 44 و‎ — 
l. [Ceopin Je queo ture Ce S tant and ince Caran frst. result 
^ «aparte DP SUNT C Oa. -forwed. d 
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PROBLEM 14.28 


KNOWN! A vessel initially Contains | kmol He ond 4 emol Ma . An equilh bri'u wmytuve, 
of Ha) Hpand Ni fore: at 3000K, late. | | 
Find: Determine tne equi lrorivin compor'hon. TF pressure is rnereafed velle 
Keeping temperature Fixed) determine if the amount of H would increase or decrease, 
ASSuaaPtconcs: (1) The egui lib riven mix love FS modeled as an deal 4241. (2) 
Ma rs inert. 





Аю ACT SIS: The reaction takes tue foru 
| Het 0, > x Hh + Abit fM» 


H: 22 KALK =) اد‎ Ж 


Tuus 
4 40, 


(BLA HA ә «Н+ ) Me 


The Amevnt of V^ (€ ure vs и + С). 4 = SX. 
At 24 v. lihr ivm Ho < 2H. Accor daaly £5. I4.3r dater +he fora 


‚ Qr f A4 (4x2 (O84) | 
" er | hae) D kae) (1) 


Саб) gives ором rearrange end 
(ха) + Bx - 20 50 


where Ж = [4 c/n) K] . Solving turvs quad ro hc. е7 оаћои 
x2 -8+ GA +80(% +1) (2) 
PN ee | 


2 Cy) 


Frow- Table A- 24 at F000 K (09 К> -[. ооф > Ic- 0.021774. wrth 
Phang =) Y2 161.46 . Thus, Є4. (2) gives X2=0.D27. The €guilchrsom 
мге ге is then 

ў 0.3271H, Ofer Ha, 4 DaS ——— 
To determine the effect on х Owing to an ncrease fn pressure 
at fed deuperature) Consider Р/теў= l.l. Then Ys 177.61 and €4.(2) gives 
„20.313. Accordingly X tends to decrease as р increases. m4 
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PRogLEM 149 


KNown An equilibrivie mixture of NrjO, and NO at 4342 °F, latm forms from 
dry Atr. 


Find. Determine the mole frachon of NO in dhe equilibriven mixture. Determine 
C the amount ef NO increases or decreases as T decveajes at fixed Р. 


ASSUMPTION ‘(The equliboriun mixture іг modeled as an Че. Фа$.(Ф) The analysis 
— 1s based өм dry ar initially. 


AWALTSIS: Tne venation Hares the form 


0.14 0, + 0-21 O4 > x Мот «X Mt fO 
м: Gaye) 9 2) X: SB- X272 
o: (Gua? xe 26> BF ©. 42 x72. 


“Tras P 
otis on оа oy x ne e [r3] e [OEE] % 


The amount of iv fure ГЇ ne X + E [at] = | 


Ај €q 0. |, Бегом (О, + tf, %۹ eno ; Accord», 64.1437 takes the fo ru. 


<“ . 
ie niim i BET a eos 
Шуу ны ! ~ (hrsg ente) 6 
dd 2 CI YS x“ + 2K — 0.0626 = O Ct) 


т (i58 -x Yor ж) 


where Y= AU Solving this а vadro Hc e 3 va h'on 


X= -2 + | 44 2.6$4uN Y (2) 


ay 
At 4342°R , Tablea-2% gives [OJo К= -t.245C D Ks 0.05062. Thus Y= 1560 
and E}.Q) gives X20.02, The Mole frachon of NO гл t^e ео: 1, бего 
Minture rs then 





Ч мо 2 0:0? n 0.02 asi —— ——— — 
l 
To detevmine the af fect of a higher temperature o^ Y , Consider T= Sook. 


Then Table A1 gires | 09:0 „з ~1227 => <= 0.692۰ Thus У 2 1.36.94 and | 
Ca) gives X= 0.0233 . Thats as tenpera buve decreo v the олоо 
of NO alt Чест cea. mei — — 





Note that (P/ Pret.) crops out ла €^ [28 $ і OW ) And +h, ny He 
Со-\ eul ah imn d i 24 )یں‎ b rr vwa Coupe hm, 
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PROBLEM 14.30 

KNOWN: А Gaseous miviure with a specrfied milar analy si's "з headed et a 
Pressure of ^S bar and forms an eq ullilr un Moy jure of COó4,CO, 
and Oa at 2000 К. 

Fwd: Determine the melar Analysis of the eg vi li ط٢ مماں'‎ miv fure. 


ASSUMPTIONS: (1) The Analysis Is based on | kmol of inital iviure. (2) The 
equil.b rivis mixture is modeled as an idea! gas mig fore, 


ANALYSIS. On de basrsef l кыо! of fnititol MHxture, the reaction I's 


0.2 CO, + 0-400 + 0.40, —» x CO, + BCO + уо, 
C: 0.24042 «Af - Bz -O-% 
о: 2(0.) 4044204) = 2**fü +® 4 
ke: A2«4(.6-*) +27 2m Y: IS 
Then 
б.со, + о-4Со + 0.400 —» ө CO, + (06-4) CO + (123) O1 


The amovua t of bars have (cg nn A (0:6 - «) «( ios ) = (2.2-4)75 . 
A* е4 о. li бегом. CO a = Co «44 02. Accordingly Es 14.35 tater 4^e form 


l A 
ks. (06-920 87] f Р/р |“ | 
С «71 Q.2-4Y2 


Pl ef = 15/1. ozs «> ih: 
lox 
x = “ы [520671] 


From Table AY at 3666k , los, K7 ~ 0 46$ => Ke 0.32734 , Thus 


"э. 
= 0:6-% in 
6.27/27 = کج‎ ni с] 


r or (Ace 0 with a hanad calculator) 


Using aun equanm Solve 
Az O.40% . 


The Analy ges of the Cg vil бегом Wis ture in derms of wele frac hon: is 
. о. 408 
{е%5 o. вас 


d со = 0.142 
о. 46 


0.246 
0.846 


0.4554 (45.54%) 


D 


a 


0.21 4.3 (21-43%) 


0.3304 (33.04%) 


(4 





d 2А ° 
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FROBLEM 14.31 
KNown: An deok Gas Илл К аге with a wolo a wel) SiS 120% со, io% Сов, 4076 H0, zo% merti 
Cale a Aeactor Opereting at Чел stete. An [qu l br голл. Илу hare 2] со 
2 
со, Ho, На and inert gas ik to acto of lahu. 
Бою: U) ту the eriting ve unt at 200k, deteruune tra raho q moles of 
Ha & hr; G и... 4.0 enar ^n ` 

Co ) тү dco 260.075 w Are ex hng лл حسم‎ ) da fey лла ni {оа Muy еә kuperoture, 
SCH2ZMATICE Given DATA: 


чч» => Ө» ew =» ы» = —— — — — à 


20% Со, | | 






| Equi lı brim wi xture at 





о%со, late, Т 
40%H0 
22, inert d 1 co, coz, Hag Ha, inert $ 





ASSUMPTIONS: (1) The control Volume Shown v et т kady stote. t2) The 
ем. Ау Ud к Аге vo Ило Фо ед a5 алл -— "ve $^ eoe КҮРҮ 


AWALTSIS: Based on (осоки Q ending gar, at Steady Set 
30 CO + (o CO, + OH, O+ TO inert —» (30 -*)Co LIO tx)CO2-t (40- X)JH2 O + х Н. 79 inert 
For the exerting vectus, V =(30-%) € Croex) + (40-х) tX +20 = (OOK wed 


At equilibrium fw Co НО Cothi , end ғо 


го 


Q k: GAG Men. Qorx) ci) 
(Go-Q(4e-OL ^ (20-к) (40-х) 


(2) Wha Т= оок, Totu A-I e vs Годо K * -O. 135 = K=0.7328. 
ышы е, es 24 0) / 4 Cow о ем pressed ал "es e — 
Е А vadra he V voee, ж = (3. 
X* +224. 401 к — 3241.02.20 Solving ои (deg ES 


— — — — d 
40 Kinet Њо С {®®-А ) 


Co) han 20:075, thew 
) ~~ 2 — Gas X 22.5) 25 logo K= О. 7459 | 
Yeo (22) = 0.075 => X= 22.5 ee 8 С.М 17. 5) 
1оо . 
чы с Lo w 
— w Table A-2F, logus – 0794547. Thep has eer 
Ute اس‎ 
U sing T in عل‎ pole A ow 


C 
log. K = Ci m T 


"Two, 


Ace t Problen (4-б: 


go < re. L000. 


CY 
N 


Soaic : -2.1342 С: + = ¢ Cz |. &2/] 
= C+ Ce С. = -(a80 K 


"Пол, 


l 


C 
_ [2450 = (4590 -2.56627—5 T- 77/ Ki S4—— 
-0.745472 |. #21 — = =? K 


Г. Note tusa CP/Pag) drops voX 4 Mas expo гит and this plays no rok w hu 
Jubre 9 vent — | Р 


i4, 32 


PROBLEM 
1< Моо КӘ. One kmcl CO aad O.S Kuol d, | in tally et 
to [pax au eg C i — aA илал у tuve 
the (awe to tA VO (огл е 


Fuld ` De vae the finast pressure 


SCHEMATIC 5 Give iN DATA: 





$ Co. cO, 025 





P, 2 800K 


hast H 
applies. 


Саи 


и; hal 


desl gas node | 


bas 


ASSUMP TON" The 


(eachon the 


AvALTSIS: The 


i CO + о.о, — oc Co, 
«x 8 => 
| ct Lux re Сї ne 
ep eite for the 


Ci i= «=‹-А, о: Z2 2l- 
The Фичо о 


The <dea 241 ез va hon 
where the pv Ln doc cde. 











p Ven’ RT 
рУ = ne 7 Accordingly 
= س م‎ | atm yoo [© 
Pew мы ee eq. 0 ете 
л е = ‚ 77 cC рило і 300 & 
P AZT n n 
For Co, шә Co *L C. j 
k ES ا‎ [г EJ 
5,3566 aie 
iwi tan Eco.0363 far Table A-2T at 200K 
ое = L f — a] 
I~ 


Using an e4 оећ ил Solvev 


| + 0:015 = 1. 037 Kee 


Returning tw Eq. (к) 
Р = (5.556 1:03?) 


= 5.761 ath 
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latm and тоос, 


£)4 бъ? Ў , 


+ dE Ri ce АУ = frg. 
гиг A eR wun ture 


= 4.556 


or iV hus wrth & hans са. Гем афи) =. 034. Thu 


reacts 


at 2SCO6lc aud 


y 6/2 
= ie hf, 


Qies 
For tun hunok ver ture 


Ё ae ini hol values. 


atm ći) 
си^о i 





“5 takes de fore 


(е4. ()) 


У | 


PROBLEM 14. 3.3 


KNOWN? CHa burns witha 90% of dhaore heck air © form an 
He) M at ооо Є, lataa 


€q Vi li lI Fiv taa 


nary pare y; COL, со, id; оса) ) 
et the 674 v: li юк cona nar ture, Pev kmol d Mex rave. 


Finds De te милле toe COM po г hon 
ASSUMP TON The ideal gas wmode: appires. (2) Mr is inert, 
ANALTSS: The reachon takes the forn 


CH4 + (0.4) (о. +з. Re] xlo, pco + уно eas; E ATEEN, 


1 


C* i 
i wie quedes, 

А A 
0: 362 Ul-f\ а ү و‎ Ve eth SD 022 OF-P 


- 


STG => x=(- 6 


L= утс 


n A “ Т =. ` = . “7 
АХ €): حصت‎ CO, + н. =? CO +155 0 («bie А-4? aves fe toook, K= 0.643, 
А ла |heveforc. 
— 
ESE 


® — Cgi[ecf6J EJ 
| с-з 39-6: 63 


Using an 2а одл К лл volver O dara tam witha Код Ce Leu =, (3 20. 1065S. So, 
А сохга Lo едо: 1 rium um ture per Chol sf CMH 4 

f 0 «435 CO, ; O.106S СО, 706S H20 OTA Ну.) G. 768 Bai 

“The aunt Aut ho e Per X c "t Cita vc 1.762 ви. So, tae wo | a^ 
A nets: 4 o 2л 1, brive wu hre ù 


qs, Co, 1062 7, CO, 1747% #2005), 


|. Note teat C P! foe) drops out 4 hes ON pe 94 CU and thin Out 4, ft 
Suarauent 2valvath wo. 


3 Ya Ar j 69.29% My — 
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PROBLEM 14.34 


KN очих гч: Cz lg burns wrth Air to for wn an Ogu. librou waz fu ve 

ef $ SO н, Со, 4,09), (2.5 at [700 К, Late, 

Frey: к: fi. da ui vale ace Ce hoo L. l, de +е дле thre eo op eia "Aem ef t ha 
Lgu: b biri vm vwx hate Ln Kure і per ic клр أ‎ of fuel 


NS соил О Тео: Ci) The ideal gas ode apples. (2) H ig mor, 


AWAL TSS: With (KT )+heo = j2.5(476) {хә Cx ample (3, < 


| (AF) +hee = AF = 12.5 (4.76 e) Go, 417 )(4-76) 
Egu: va (елсе ra h о = — == 2 


AF 
Thus 
Cg Hig {0.417 (0,¢3.76%2] ya Со, + b H2O te CO + dH, + 39.168 M, 
С? g= б +С =) a= 8-cC 
H© iB = дь +24 ®© а: 4-0 
= Lb + C 
0: 20.$34 ^ 2@ + | Е 
= 208-0) 6+ С رھ‎ br 4934 +С mad ode q-[4.$34*«] 
~ 46-с 


At ед ә‹ li фу, шош i Co, +14, => CO tl4,0O, To bl € A- 277 Gives for 17-1700, 
pude. ЛИЕ rare 


© 3,388 = Lelara g34+c] [ TTT 
(z-c1C 4 166- 


Thais can ha solved ہش ہہ‎ I^ catty — 2 ро 33585 — i e 
24оа Кил and usihg {ha quady о hc fov whe. ہا اھ‎ ио ved ر‎ 

an Car loe veed, ce vata with < hand 

Ce freue uem Can be еер (офа . We yt С 22.953. 


The Mana Dh иш lo rv Ue ture, pr ماعا‎ 
"b Ce 1$, 2 5 thou 


TSF COL, AFF ROC) з 2-883CO, 1.293 th, 29. (6 Ya S سه‎ 





|. Mole. Haut CPI pase, ) сто? ый MAAS Ate frown 
Av fol ing evalua N wm. 
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PROBLEM 1435 


к oce: C, 14, at 27°C, la hy burns with ФО excess air at 23?C, late) Q= ot 
A. e url bri vu VM hare o£ Y Со», 4.0, Oz Ко, о, 5 to formed al 
2200€, O. fat. 
Frode D e terane d مہ‎ upos: fren ef 79 Be v, le lovin nuy Pan y per kumt  C 
ASSUMP? THON $ “The i donl да $ po d.e € applies., 
, 
AWALTSIS: The balauced reachon egvathon fer comple fe Combes h in “С Н 
о, 
with the + (хо оме iv مي‎ Amount ch суа ic C; H, + = (0, „3.76 Р» ] — Zo, + HotlS )з е 
The ahw vun ef diy air Ts La o Ww и 24 +04, excess Ai v^ о ر‎ T 44 


(4). 3)(4.16) per enet % Hı, Titan, GSHT = IC 6C ewet (air) / enel, fuat) 


fae amount 2 tea Vepor ac сүа — +t. ت ہل‎ exces ge GÉe€wd 
Using Chea 12 и рих Ф Ра (2vec )= Со. 8 (0. 031619 bar) = O.0253 har. 

Pa = P~- ру: Lor328 — 007337 O.F 7*7? © bar. Then, сее rns to the d e vety mat 
4 Eqs. lal, we get 


my ے‎ X = “ve (2-028 3% 02.7 352 < сале (Cor n co ) = 0. 428 kut CH So) 
Na N TEELT eam (pe) 


Eiet вс Соч) 
UC ve Aa ec eA €4 VK A ow, pus, bos fu, Co vds 


| ۰ x M 
H, + оу +3.76 € 4 422 Н a NO +f i- 2 (0, + [3,16 - X | А 
C,H, + $$ (0, + 3.76 2) tOo. 42840 چ‎ ZCO, + |. 428 Н. О д | 2 > 2 


At 240: fa Diri Vey, 10. -L iw — > 


‚ NO. Table ADF qo fa Фо €, kK-0.0324, 
Pd ке сы 





© 
ү [ e/o = 
© 6.038 ү, | е 
(-X] [ia -X | L 
ha 
0.0329 = ي‎ / 
[0-2 09-2) ° 
Saver 


both ља lee Src paos ted OA ^. tadya Hoc © 9 оа ћ. a 
mal Solved Yannis the quadr a Кс forma... Al+ty vat ر‎ Ow وھ‎ оа | ar 


goloe^ can bhe mad j or idyrahm with a Land cal wilate ennptoyel, 
دس‎ get Y= 0.134. 


Thre compo sth حم‎ 4 Te 24 o, lí orrvu mix tare ر‎ per ع‎ naget 7 C2 +, 
ye 
$ >Сд„, [. 428 HzO, o.13¥ NO, 0.93302) 13.1033 №. ҷ 


1. Note toat (P/ha) Чже рх out 4 tls Qa pree Sim. 
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PROBLEM 14.36 


KNowN: CO, gas «t 2590) laim enders a heal exchanger operating at Steady state. 
Aw equi li brrum Muyrture of CO, ,CO,and Оз exits at 2800 Kj Satm, 
FIND: Determine the Com por hon of +he exiting miydure and the heat trans- 


fer, each per К mol o f Co, esterno, 
SCHEMATIC È GIVEN DATA: 











Осу 
س‎ 
CO; | { Co,, со, 0.1 
T» 25% ! T2. E 2800 К 
Р, =S latm —D ⸗ Ё = Satm 


ASSUMPTIONS: CI) The contol volume Shown in, the accompanying figure rs 
64 Steady state with Wey20 and negligible effects of kine hc and potential 
energ . Cc) The ideal ges wo бе | applies to the incoming Со; and the exh'ng 
Equi Librium misture. 

AWALYTSIS: The react'on has the form 


[Cog —» U-x) Со, + x Co + Y o, 
The Amowmt of mix dure (с ne Ct~x) + + X = (2+1 ) /2. At ед libre Co, 22 C0+40,, 
Accor ding ly , Eq. 14.35 tokes Le form = 


бр] rire 7 ESES à 
0-9 — h | l-x X+2 
From Table A-L ot 2800K, DT v -0.$25 2 К: 0.14962. Solving, xa 0.1967, 


"Tha еди, brevi mip pure has +re (оомо rng Cow posi ом ых Кио per cmol of 
со, entering 


{ 0.5133 Cv,,0-1867 CO, 0.6135 о, { 





An nergy rate Palance veduces at Steady state +o read 


О = Bey - W. + Ihe, (Tr) — | 0.8133 Wes Cn) + 0.1867 Meo (Tr) 40.043 o Ua] 
Nco co, 
or 


; ет We e Cn) -h (298) xi 
Gy. oenlWw* hhean | co, + 0.1867 [ hy + КС) leo 


2 * = О 
Ү\ Сө, 0.04325 [fA h (Tel - hk (298) | 02 T Chg Jeo, 
With data from the Aaah gas tables 


Dev . 0.31 | 7243515 + 44, 208-9364 ) + 0-861 [-uo, s30 + CE ELA ~ #661] + 
Kesa 


o.oq125( 48826 - neg] — С- 147720 ] 


2 141,550 кз [mol (Cor) ЕСС = 
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PROBLEM 14.36 ( Сем.) 


IT cam be used as au alternate to iterakum wing a Кал calculator aud Xo 
using table data iu the prae balomee. The UT program Co Меш. 


IT Code 


Т1 = 25 + 273.15 //K 
p1 = 5.1 // atm 

Т2 = 2800 //K 

р2 = 5 //atm 


/| CO2 ===> (1 - х) CO2 + x CO + х/2 O2 
ndot1 = 1 // per kmol entering 

ndotCO2 2 = 1-х 

ndotCO_2=x 

ndotO2 2 = x/2 

ndot2 = ndotCO2 2 + ndotCO 2 + ndotO2 2 
yCO2 = ndotCO2 2 / ndot2 

yCO = ndotCO 2 / ndot2 

yO2 = ndotO2 2 / ndot2 

pref 2 1 // atm 


// For the reaction CO2 <===> CO + 1/2 O2 

К = ((yCO * yO2^0.5) / yCO2) * (р2 / pref)^0.5 
//Data from Table А-27 are stored in EQCO2A.LUT. 
log(K)  LOOKUPVAL(EQCOA2A, 1,T2,3) 


0 = Qdot + ndot1*hCO2_1 - ndotCO2 2*hCO2 2 - ndotCO 2*hCO 2 - 
ndotO2 2*hO2 2 

hCO2_1 = h_T("CO2",T1) 

hCO2_2 = h_T("CO2",T2) 

hCO_2 = h_T("CO",T2) 

hO2_2 = h_T("O2",T2) 


[Т Results 


K = 0.1496 
"co 2 "со 1 
2' 2' 


= 0.8136 kmol / kmol (CO; entering) 


n /n = 0.1864 kmol / kmol (CO; entering) 
CO,2 CO,,1 

n /n = 0.09322 kmol / kmol (CO; entering) 
0,52 CO, 1 

2 /rf = 1.916E5 kJ/kmol (CO; enteri 

а "c01 (CO; entering) 
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PROBLEM 14.37 


KNOWN : Qabrated vater Vapor at (Slot c^ enders a beak C changer оре raft ^ 9 
at Steady State. Au Cquilybrrun мла pure «б Носа у, Ha , Quel Oz 
exits ол 450090, latu 

FrmoD: Determine tue Com pari fon of the exiting mixture and the heat 
rant by, eech per lomol of Steam entering, 


SCHEMATIC > GIVEN DATA.: 
Qev 


2 | — i Hola), He, о, $ 
= 4500 °Ё, R= (аа 







1420(4) 
Saturated 
at [Sib cu 





— — — — 


ASSUMPTIONS: (|) The contro! Volume Shown ѓи the ACCOm pany ng figure 
IS at Steady state with We zo and neglrgible effects of мее. 
ond potental energy, (2) The co мл м) Sleaw. and екг лд egoi li briona 
ичке can Юл modeled as ideal Jases. 

AWALTSIS! The reaction has the form 


| Ho —> h-t) We хн + £ Oy 
The amount of mixture s ne (hoe an ek > C) At equ, lihr nou. 
Що 2 Marto, . Aeron رواو‎ 14.37 takes form 

(x1 C2) [Мае 1 S E: Wwe)” 

uk) Leeda] ° lire dl ese 
From Table A-277 et & SUV’ lO Jio KS - 2.224 BER 6.00547. Solving xz 0.0406, 
Tre € qui lihr um win ture Was due followrng composi h'on in lomo per omo/ 
ef. Steam euteyrn 


| 0.454 Hio, 0:0406 Ha, 0:0203 02 f ———Às— 





Aw energy rate balance reduces at steady State to reod 
о 


O= Qe Ме Fu (т) -[^ Кш (7) + 0.0 #06 hy, (т) + 0.0253 ho] 


e 
^ #20 LI 


Tuus 


Qer = 0. аз [hy + h(n) -EEM | нш оњар). — 


шо 
0.0203 РА т) А 370), — [ R + BCT) 86927 uus 


Ti = Tent at is ibt]; = 23 °F 
= 213°F ( 6749 F) 





Witu aident ува |0 d ata 


беу о.а$Ф&Ң(—о4,о4о + 46, £36 - 4258 ] + 0.0406 [333216- 3640.3) + 
М Н.о | 
о-оо [ 37412-37251) — C-lototot 5 356 -4258 |] 
а= 
= 45,883 БМ [bee CHo) 
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PROBLEM 14.34 (Соні. Alternahyve IT solvtion. 


IT Code 


p1 = 15 // Ibf/in?, saturated vapor 
T1 = Tsat P('Steam",p1) 

T2 = 4500 //*R 

p2=1 // atm 


/| H2O 9 (1 - x) H20 + x H2 + х/2 C2 

ndot1 = 1 // Do calculations on the basis of 1 Ibmol of H2O entering. 
ndotH2O 2= 1-х 

ndotH2_2 = х 

ndotO2_2 = x/2 

ndot2 = паоїн20 2 + ndotH2 2 + ndotO2 2 

УН20 = паоїн20 2 / ndot2 

yH2 = ndotH2_2 / ndot2 

yO2 = ndotO2 2 / ndot2 

pref = 1 // atm 


// For the reaction H2O «5 H2 + 1/2 O2 

К = ((yH2 * yO2^0.5) / yH2O) * (p2 / pref)^0.5 
//Data from Table A- 27 are stored in EQH2O.LUT. 
log(K) = LOOKUPVAL(EQH20,2,T2,3) 


0 = Qdot + ndot1 * hH2O. 1 - (ndotH2O 2 * hH2O. 2 + ndotH2_2 * hH2 2 + ndotO2 2 * hO2 2) 
// Note: Use the ideal gas function for H2O in order to get the correct 

// reference value for H20 in the calculations. This results in only a slight error. 

hH20_1 = h_T("H20", T1) 

ПН2О 2 = h_T("H20",T2) 


hH2_2=h_T("H2",T2) 

hO2_2 = h_T("02",T2) 

[Т Results 

K = 0.00597 

n /n = 0.9594 Ibmol/Ibmol(H;O entering) 
н,0,2 Ho, 

n /n = 0.04061 Ibmol/Ibmol(H2O entering) 
2ر‎ H,0.1 

n /n = 0.0203 Ibmol/Ibmol(H2O entering) 
0,2 0,1 

4 ; 

Q s "нол 4.582 x 10 Btu/Ibmol(H2O entering) 
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PROBLEM 14.38 


Кош: Carbon at 25°C, (амы and O, et (27%, lah. engen a reactor 
Opera thing at steady State with equal welar {Сосо ra feo. 
Pv ee ох биго aic da 1 сел, Co لهست ر‎ Oz exits ex F000 K, latm . 
E i": Determine the Cow posi h ej Tae exiting име have and the heat 
tv ew t de v , Cath per k "el of Сау bon entering, 


SCHEMATIC £ GIVEN DATA: 


We = йо, 
єз С 1 
Веда 
2| i - Y сог, со, 0,5 
Т, 2127 "C і T3 = 3000C) P х (atu 
pa sla, 0 
| 2 اا‎ 


ASSUMPTIONS: Ct) The Contro! Volume Shown in the accom pansy гид figure. 
is at Steady State wita Wev 20 and weg igs ble effects of kruefre and 
poten wal energy, (2) The deal gas model apples to the eq vili riva. м ^к HUVEC. 


ANALYSIS The reac Қол takes the form 


LC t lO, — x 0g + 9?« CO + Li-2x) CO2 
Tue awmount of miy hare i's Nz Xt WHE (1-20) = CHK . At ефи: (Бле 
Со, 2 Cot 0, . Accordingly, E9. 14.35 takes the foru, 


K = (2x1 af ош S эч х)“ 


Ct-2« 7] Lex dni. 


At 3000 С, Taole A 27. Gives 1090 С = - 0.4% DK: 0.3273 . Solving x= 0.218. 
The equilibrium meyture Was do fol(owrng Co me ti h'n ry kmol per kmol 
о С.Р оом Lu faring 





f 6.248 Or, 0.41C Co, 0. $t 4 Co, ا‎ 


An energy rate balance reduces at Steady state fo read 
о о 22, — == 
os Ger Waf + Һер) + ho, (iim) — Lone he C e 0-46 AS (Tê) + 
$c е. 0.56 € heot) ] 
Tuus д А | 
Qe . 0.28 Г. hh oat o, жоса меа )- A @4@))со + 
c o. S64 (Rp 4 WCE-ROMIJoo, = Ch (r) - А (048) 


wn date лм the ١ doo gas tables 


Ger > 0.245 [ 406,780 8682) + б. 436[-(10, 530-4 (02,910 - 8669 ) + 
= 6.564 (343, s204 (ory rr6—4 364% | — [nu -%622-] 
= „12-4 1 521 [emo СС) — — — —— 


IT cam be used as aw alternabwe Jo iteration usin hand calculator and to usn 
table. data. vn Ye ANENG Y balance. The iT program Posie. "ug 
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PROBLEM 14.38 (Cont'd. ) Alternahve TT solution. 


IT 


p1 = 1 // atm 

Т1 = 25 + 273.15 // К 
р2 = 1 // atm 

T2 = 127 + 273.15 //K 
паої1 = 1 // Do all calculations on the basis of 1 kmol of carbon entering. 
ndot2 = ndot1 // Entering streams have equal molar flow rates. 
T3 = 2727 + 273.15 // К 

p3 = 1 // atm 


О 


ойе 





П C * O2 — xO2 + 2x CO + (1 - 2х) CO2 
ndotO2 3 = х 

ndotCO_3 = 2*x 

ndotCO2_3=1-2*x 

ndot3 = ndotO2_3 + ndotCO 3 + ndotCO2 3 
yO2 = ndotO2 3 / ndot3 

yCO = ndotCO 3 / ndot3 

yCO2 = ndotCO2 3/ ndot3 

pref = 1 // atm 


// For the reaction CO2 © CO + 1/2 O2 

K = ((yCO * yO2^0.5) / yCO2) * (p3 / pref)^0.5 

// Data from Table A-2# are stored in EQCO2a.LUT. 
log(K)  LOOKUPVAL(EQCO2A, 1,T3,3) 


0 = Qdot + ndot1*hC + ndot2*hO2 2 - (ndotCO2 3*hCO2 3 + 
ndotCO 3*hCO 3 + ndotO2 3*hO2 3) 
hC =0 // See Table A-25. 


ho2 2-h T('O2",T2) 

hCO2 З = h T("CO2",T3) 

ПСО З = h_T("CO",T3) 

hO2_3 = h_T("O2",T3) 

/T Results 

K = 0.3275 

n /n, = 0.5637 kmol/kmol(C) 
CO,.3 1 

n Іп. = 0.4363 kmol/kmol(C) 
CO3 1 

n /n. = 0.2181 kmol/kmol(C) 
0,8 1 


а /n. =-1.246 x 10° kJ/kmol(C) 
cv 1 


sog 


PROBLEM 14.44 

KOWAL. An equimolar Илл hare Со سه‎ Н.0(09) at ZOO, Lati cutters a 

mnm Vea cor opera fing 44 Stead, state . Ам. equi l. brivum wuy tur e A, 
Co. со, 003) , nel Ho екс; at 2700°R , l aħwa. | 

Fi ND Deternune pre hest trans far par lbuwt of Со e a بعلإ‎ wE 


SCHEMATIC $ GIVEN DATA: 
~~ a 


t Ir | 2. 
| 
{ со, Hof | $ со, co, Носа) VT 
т=660°р | t 
= | Т2 2700°Ё, р, - latm 


Vico = N Hao 


К$3омрТ‹о NS : Ct) The Con Vol Volume Shown in the ACCow pany яд f'q ure 


is at Steady state with Weyz0 and hes ligrole effects of kinetic aud 


poten tal energy. (ә) Тһе ideal даў model applies tothe n coax Ag and 
Out sorna Илге fores. 


KOACTIUf: The reaction takes the fov nw 





(Со+! ho - у CO; + (1-х) соз Clee) ro +x Ho. 
The A.mo vn 1 of wiy Fure rs 


= K+ Cire) 4 (сек) 4 22 . Af 49 o li or. 
CO, +h x 


CO + (42.0. Accor ding l4, Es. (4.35 tates fhe forn, 
ks Сакс -х) [ eee 2 (ку ж» ga eus 
(xat юз L 2 x ee 
^t 2700°R , Table A-17 "меғ (1090 K: 0.4035 =) К> 2.5322. Solving, xz0. 306, 
At Steady state an — fate balance reduces to veod 


‚ Ov ئ ر‎ р ї р D 
o. 8 ب ګر‎ ^e Ст) + аСт) - (о.286 Reo (Tr) + 641€ helt) 


+ 0.64 ho Ur) + 0.206 Au, CU y 
Tuus 


Qev 


И со 





: 0.3 6| Ку + h(T)- 6837 ) Joo, + 0-614 [ hy + 007) АС622)] о + 
: | 0 
| 0614 Che + k(R)- А(631)) к, 4. 0-386 +t Кеп | b512))u,. -— 
(CP; + взт) a (Re B-T 6537) o] 
With date (vou, The idot gas tables 


oe = 0.386 [азоо = 30,561 - 402725] + 041€ [-47, 5¥0 + ro, 434 - 3325.1) + 
м Со 
0.614 -04, 040+ 24,057- 4258) + 0-340 (19237.0- 340.3) — 
£ [ -47, %0 £4586.0- IPH ] + 170040 + 5259- arre 1] 


2 $0,547 Bh | (we! (со) 





Altercnathvely e. SeluAm Аў رھ‎ TT Can he developed. 


Iq- 42 


PROBLEM 14.40 

Keown: CO, and о, in a 1:2 welar re«tvo enter а reactor opera hng a1 
Steady steta c porate Streams at latm aud 127°C, 277 
ИЕН. An e 4 vi m hriva nag Fure Сот, co, aud Or ex (1s 
aot lat. The we Frach'm 4 CO < Ное exiting wx tuve cr, о. | 


END: BDedermine the heat wanipe per kmol of Co, entering, 


SCHEMATIC % GIVE DATAS 


[jp ТІ 


(127%) со, | 13 
A L | ; $ CO, Co, ө? 
(277°C) 02. i at Pszlatu, T3 < 
ا‎ | усь: Ol 
Въ Р» = latm 
^ Os co, 32 


ASSUMPTIONS: 1) The confrol Volume Shewn 3^ Jhe accom anyin 
fisure operates at Steady state with Ито aad иеде e YA of 
смес and poten Nal ene r54. (2) The Cou libri ua, win hove is modeled 


as ам ideal 1323. 
ANALYSIS? The first step vs to detevmme Te Liring е1 brrum prener ples. The 


сео сол tecetr the form 
| CO, +20, -> х CO + Ct-x)C0, + (44* ) o, 
Tre amount of мач лее $ na ¥ (пек) + Азас etY , Rom the given data 
2. 


Yeo + 6.1 > Thus 


° = — سے 
2^ © < )= .)++ = |.0 


Twas 
— 0:716 COF 0.684 Со, ії 2158 C. 


At ето; breve CO F&F Со À O, Accord ingly, Eq INF takes the form 


ч i} 
pg: Gey aissol f Pong oe 2.158 Е 03919 
— d^ tise) ^ “ожау (3178/5. 


Tuus logo K2 ~0.418 . "TAM vpolahow = Theart gives Ту= 3044 К, 
At Steady state an energy rate balance fedoces to give 
м ` 0 — — Sas = 
Os Ov - ud + Асо С) +2ho,) - [0-316 heo CT) + 0-684 heo, C5) + 2.178 ho, (73) 
^\ Со;, Coz 


о — ~ 
dd 4[ hgt W(%)- LLAN] co, + 


Qe E озо hp e BCG). hew] 0.68 MU _ _ 
"e. ase PH WC) Rayo, - CES «C -R I)o, 308 С) - (242) Jo, 
With data from thes dee? gao tables 

Gev - о. [-110, S30-+ 103644 - 8664 |] + 0-6 tY (7343, 
— 2.196 [105,S528- 8682) ~((-243,320) + 13372 - 9364] -1 14,770 -8682 J 


$20 + 164, 967-9364] + 


= 425,237 k Ife CC 91) ö— — — — 
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PROBLEM 14.4] 


Known: CHa at 25°C, late enters a reactor Operating at Stea State 
aud burn with 80% of {haere cah air € «ler ins at 2279€, 
latm. An ел wb rium wa hare q Со,, со , Носа) ر‎ Н» and 
№ exc + 1700 

2 5 ©. К, latm. 


Ето? : Determine the cow posi hon of the exiting mix lare and the heat 
ans fer, Catch per k wo | of C He entering. 
SCHEMATIC È GIVEN DATA: 


CHa ' ڪڪ‎ =й 
T 225°C 
P = latm ¶ co, Co, Haot4 J, Hz, №. T 
Tz = (700K ) fs = latu 





86% thee. air 
Te 227°C —— 
R= Let v. 


ASSUMPTIONS. и) The Convo volume shown С^ ITAR accompanyirn fg wre, 
Operates at Steady shie With W=0 and negli grble effects of kineht and 
potenhal energy (2) The equilibrium mixture is modeled aj an ideal 
gas. (3) Na is rnmert. 


AWALTSIS: The balanced reach'on egua fron for Cow plete Combushion of ен. 
with the theore hta( Amount of air rs given by EG. 13.4. Accordingly 
Combushon with 80% of theovehcal arr to fore CO, Co 0209) , Hz jand Na 
takes the Cor, | ’ 


сца + @.&)1 Lort? 76 9;] 2». x Сог + С-х)бо + Q.2- x) H20 + (x -0.2)Ha+ 6.016 № 


The Amount of wiy hate (5 No X eCl-x)a (UHR) lx- 02) 46.006 = 4.06. 
А+ 20:1. Бегом Co + Hy gà» Со + HLO. Accordingly, 64.14.35 trees the foru, 


Ф p. LIC) f МАн — (ony nice 
~ козу dere x «^ 0.1 
At 00K, Table ^-27 qe 1090 С: 60.530 ® Е: 2.3884. Solving , xa 0. 567 4, Thus, ha 
eow posi R ow of the exi kng eq Vili bri vun way hase wm عا‎ mol per kc mol of сн i 





(0.5674 со, 3 0. 43 2G CO ) 1.6326 мо, 0. зь? < Ha, (9.016 15 йз = == ыы 


At steedy Stade an euergy rate balance reduces to read 


A : 0 _ ка * 
© = Qey - ex heHy (T, ) ae [1.6 ho, (Te) + 6.016 hy, 1] — Со. S674 исо, + 
wey ee | = _ 
6.4116 heo + 0326 huro 40-3004 Ані т 6-06 hp, | 
Thus "P _ 
Ось ; e.sea4[ {+ hth) - hk G8] co, + 0.4326 Chja K-T J co + 
Weis 1. 6516 Uh, + BCT) - ^ CAN) uo + 0.1674 Ube ^ hR l- ba) Jaa bi = ت‎ 
o? - (75 1 1.6 [ A ъ)-(24)],- 601d] WL) -L (248) | 
соь CIE А WIT) - Geo, — Lhe deng – о, кю 
With Lake {се Ха «dent gas tables 


+ = 05674 [33,510+ $2 9$6- 1364 ] + o. 4326(-110, 530 + $4,000 - £664 ] + 


^CH« E | 
[326 [-®4(,ззо + 67,584 - 4404] A 0.3674 (sısor- 94609) + : 
с.о (53 1094 - 766%) -[-74 15) —\.6[ 14,770 - £682] - со! SEI- F6 ] 


= -14 1,556 ЕЗ еко сен.) we 
1. (Р/р у drops out {is Oxmessim. 
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PROBLEM 14.41 CCout'h.) Alternathve IT solo і сил. 


О 


Т Code 


Т1=25+ 273.15 //K 

p1=1 //atm 

T2 = 227 + 273.15 //K 

p2=1 //atm 

Т3 = 1427 + 273.15 //K 

рз = 1 // atm 

ndotCH4 = 1 // Do calculations on the basis of 1 kmol of СНА entering. 





/| СНА + 1.6 (O2 + 3.76 N2) > x CC2 + (1 - х) СО + (2.2 - х) H20 + (x- 0.2) H2 + 6.016 N2 
ndotCO2 32x 

ndotCO 321-x 

паоїн20 3 = 2.2 -x 

ndotH2_3 = х - 0.2 

ndotN2_3 = 6.016 

ndot3 = ndotCO2 3 + ndotCO 3 + ndotH2O 3 + ndotH2 3 + ndotN2 3 
yCO2 7 ndotCO2 3 / ndot3 

yCO z ndotCO 3 / ndot3 

yH2O = ndotH2O 3 / ndot3 

yH2 = ndotH2 3 / ndot3 

pref 21 // atm 


// For the reaction CO2 + H2 <> CO + Н20 

К = (yCO * yH2O) / (yCO2 * yH2) * (p3 / pref)*0 

//Data from Table A-27are stored in EQWATGAS.LUT. 
log(K) = LOOKUPVAL(EQWATGAS, 1,T3,3) 


0 = Qdot + ndotCH4*hCH4_1 + 1.6*hO2, 2 + 6.016*hN2, 2 - (ndotCO2, 3*hCO2, 3 + 
ndotCO_3*hCO_3 + ndotH2O. 3*hH20_3 + ndotH2, 3*hH2, 3 + 6.016*hN2_3) 

hCH4. 1 = h Т("СНА" Т1) 

hO2 2 = h T("O2",T2) 

hN2 2 = h T("N2",T2) 

hCO2_3 = h_T("CO2",T3) 

hCO _T("CO",T3) 


С | 
-p ll 


ту 
T 
N 
l OI 
ион оз ر‎ | 


гу 

= Б 

N 
С? O| 
z су il 


T("H2",T3) 
T("N2",T3) 


IT Results 


K = 3.389 
/n = 0.4326 kmol/kmol(CH,) 
CH 4 
n /n = 0.5674 kmol/kmol(CH) 
со з CH 
2 4 
P 3 йы = 0.3674 kmol/kmol(CH,) 
2 4 
Me Q,3 Ph eia 
27° 4 
/n = 6.016 kmol/kmol(CH,) 


n 
№5 cH, 


Qdot = -1.917 x 10° kJ/kmol(CH,) 


n 
CO,3 


= 1.633 kmol/kmol(CH,) 


l-45 


Peo BLĞG hM 14.42 


E NOUN : Cig at 29°C, | дб entry c reactor at ck. ef and 


burni wrt“ 
30% of dheorefcol! ain 


ea fr ing sep are teh, ot 2.720, lata, ‚ Aa 
CGulibrivun nue tuve ef 202, CO, HOG), He, Mr) ex cH ob 12276 late. 
00: Debes tie heat haar fe jw ET per kunwi íi сз Hg, 


«cc? MaTiC ¥ биғи DATA: 


C3 На Foo 3l 
39909) i +? { Со, co, 4 0lg), "t, veS 
1210 2с laha. 






25°C) latu 


BOYy thee. acr 
25 °C, late ہہ‎ 


| 
| 
| 
| 
S teed, He wita Мосуо and negligible effects 4 عا‎ cec anh pe Hanhet energo. 

(2) “The Le NAG едо. libri van vuy hare со Utodelod e» an 92.2 gas maX hve. (3) V, o inert, 
ANAC CTSS: 


“The Complete соид оо chou «t, Ca Fe qst the doces. bh cot Arron t 7 Air Cf 
\ ec ое ЭУ 


Сане + ў (Со, +37660.) D со, c 4 «0 €. BBM, 
Accordingly , the feachon 2), Calg with 804 of theore heal air о fecas teen 
speed ed Vang ллу е tS 


| x C | «lb Hoc c lt, + (15:9 4- N, 
Cae + 4 (oa 1] > x CO, + a CO + ‚О + 2 





es 32 KAA ==) G&G-8-» 

Ho 8 = 2b «c 

vi Be мее poly еи. 
“= Zut(Z-x) +5 => Bb SSK: = ¥ ( 

That 0 


` ` ; e à | | E | IS.: 4 M, 
Ca Hg + *( o, * 3.76.) > x Ce, + C3-7Y) Co 4 (Sh) eee el Uo ope RV Se 


A1 24 ں‎ lc bro Со, eb M — Co + do, Accordingly, Су (4.85 takes {tae Fares 
о 
ج‎ Е - LILE- <J [ 22 | 
[. x71 Ж. 
At 1500 к, Tobie A-24 qe log, KZ о.&4оз› 2» к =2.үў2 2. So (и: ng К = „515, A C co eden 
Ca Hg, € & Lo, + 3.76 9.] > 1.616 Co, c LIBZ CO + 3.192 Н.о 5 o giS V, € 15 OFM, 
Ac SS coe bte halhane at € ett, Wishes С read 
: о 3 l RN T ,— 
; А — eee m ' ЖЕ 313 ha, 1.18 2b ell 
Oe. SE + ^ aug Ct) c (4 he (ti) + irodh p, CT) | [1.812 heo, (Tz) + |! colt ) 
^ C. He Pc e — = m PNE >» 
C2 Hg P кА», re bu den) € 0.909 hu, GB! + 15. 04 nw | 
ЖОГ ant мә һи) teat boo fer Ha ond M. 
| РИТА 07 а е 
ү. -Ó = | | h іл СТ; ]- h 6.36 Yl co © 3 f 2 
Qe = | 818 op k (5 )- h(288] Joo, Е — F^ J — 
“GMS оа ECT) h242) + 15.04 (T) ROS) Jn 7 Ch f legas 
With date Fram tee i مه و‎ Trot 


` — P ; = j ^l 577, 44 . 
— i-l - a [5 | | 
\ | = 1 — c FS 4] —(-103 $ 
— - 4404) t o #18\&4, 228 -g469] e (504147273 - 566 1] - 103,32) 


2. —~ 593,24 KY 


—  پ‎ 


ИБ 
kwoil Ca Hg) 4 
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PROBLEM 14.42 (Cont'd) Aiternative TT solan. 


IT can be used as au alternate јо бегаем. with a hand calculator andl fo usi 
toble data in te energy balane. The ІТ program follows. У 


ІТ Code 


Т1 = 25 + 273.15 / К 

Т2 = 25 + 273.15 / К 

T3 = 1227 + 273.15 / К 

p3 = 1 // atm 

ndotfuel = 1 // Do calculations on the basis of 1 kmol of C3H8 entering. 





/| C3H8 + 4 (O2 + 3.76 N2) > х CO2 + (3 - х) CO + (5 - х) H2O + (x- 1) H2 + 15.04 N2 
ndotCO2 32x 

ndotCO_3=3-x 

ndotH2O 325-x 

ndotH2 32x- 1 

ndotN2. 3 = 15.04 

ndot3 = ndotCO2 3 + ndotCO 3 + ndotH2O. 3 + ndotH2 3 + ndotN2 3 
yCO2 = ndotCO2 3 / ndot3 

yCO = ndotCO 3 / ndot3 

yH20 = ndotH2O 3 / ndot3 

yH2 = ndotH2 3 / ndot3 

pref = 1 // atm 


// For the reaction CO2 + H2 «© CO + Н20 

К = ((yCO * yH2O) / (VCO2 * yH2)) * (p3/ pref)*0 

// Data from Table А -27 are stored in EQWATGAS.LUT. 
log(K) = LOOKUPVAL(EQWATGAS, 1,T3,3) 


0 = Qdot + ndotfuel*hC3H8 + 4*hO2_2 + 15.04*hN2_2 - (ndotCO2 3*hCO2 3 + 
ndotCO_3*hCO_3 + ndotH2O 3*hH2O 3 + ndotH2_3*hH2_3 + ndotN2_3*hN2_3) 
hC3H8 = h_T("C3H8",T1) 

ПО2 2-h T("O2",T2) 

hN2_2 = h T("N2",T2) 

hCO2_3=h_T("CO2",T3) 

hCO_3=h_T("CO",T3) 

hH20_3 = h_T("H20",T3) 

ҺН2 3 = һ Т("Н2",Т3) 

hN2. 3 = һ T("N2",T3) 


IT Results 


K = 2.533 


n /n = 1.182 kmol/Amol(C3Hs) 
CO,3 fuel 


n /n = 1.818 kmol/Imol(C3Hs) 
CO,,3 fuel 


2 
“нз LT = 0.8175 kmol/Imol(Cs5Ha) 


“ноз ا‎ = 3.182 kmol/Imol(C3Hs) 


"Мз и el = 15.04 kmol/Imol(C3Hg) 


/n = -5.933 x 10? kJ/kmol(C3Ha) 
cv fuel 
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PROBLEM 14.43 


KNOWN:  CsHg(9g] at 77°F, latm enders а reactor operating at Steady State and burns 
with the dhaorehical о mwmovuat of a entering ай 240°F, latm. An ego li Orrin 
wow Ore of Co., CO, H2019); O2 sand Mr exiis at 3600°R, lati. 

| Pto: Determine the heat transfer per lbmol of fuet entering: 

SCHEMATIC GIVEN DATA: 
амф) | === 


T 77°F 
{ам 










| Co., со, нод), Or, M2} 
Тү» 36000Ё, Р; = latm 







[s 


+heo. ir 
2.40°F, — — Ú Dñ 3⸗ i 
| atm 


ASSUMPTIONS: lt) The contol Volume rhown inthe accompanying figure iS af 


Steady State wrth Мус, е O aud wey Ligible effec of Ewxeh'c and pote^tvel energy. (2) 
Tre exi Kina equi регии Mixture is modeled as an deal gas acy pure. (2) Me N cuert. 


ABALTSIS. The reachion of C3 Hg (9) with the theese res amount of arr do form 
Cor, Co, H20(9), Oc, and M, iS Given by 
C3Hg 4 50, + 19.70. > G-v)co, +x CO + ¥ 0,4 thot 188M, CU 
The amowmt of чач Fuere гг nz(-*)4 v e X t 44/8 = %S-8 x 
A1 equ: l brim CO, z» CO +4 Oo. Accordingly , Ey (4.3f totes the form 
a l 
K сз $] ` Pet) XK [ X T 
= ا‎ Creat = * 1.6% 
Lien) E 3-« LS 
At 3e0o9R, TableA-2% orves офок: - 2.83 ¥ =) К: К 0.001306 . Solving, x= 0.041. 
kcco v di noa, Eq ll) becomes 
C, Ug 4 $044 UEM, Э азот со, 0.010 CO 40.0 49S 02+ Hao t LC. EP. 
Aw € v9 rate balance at S feady sfa te reduces te Aeod 


О: бе, = Wey * haa C) + (sho (п) = м.о 0] > (2.0۹ heo, C5) + 
"aus ats _ _ i 
Wo Ch) + ооу holh) € 4 hho (5) + 18.8 hp tT) 


and M. 


0.041 


Rearrangang and noting tathgsO fr Or -— 
av _ paogl he A-ROD] co, + 1 [Vp a &(O1-567)]eo + ваз Re) Jo, 
Qv _ 9. ы | 


d M 
-s[uWmi-wWGcr))e -18.8 [4 CT) -^ (S373 4 
With data freon tue «dart gas +obles 
As s anolis, soo + 43, UL - 4035 ] + 0.041 (747) 0 + 28127- T7251] + 
We 
" e.o4syLaa;04- 3725.0] + 4 [0 ot 35541 - 458) + 


- -373 
ige 272815 - 3722.5) — 744,050 — < [4874-3725 ] - 18. 8 ( 4965-3790] 


I = 48 


PROBLEM 14.43 (Couto. ) Alterna kve IT solvon. 


IT can be used as am alternatwe +o iteratou with a hamd calculator aud +o 
using table data iu He energy balance. The IT program фо Vows. 


IT Code 


T1 = 77 + 459.67 // *R 

T2 = 240 + 459.67 // °R 

ТЗ = 3140 + 460 // °R 

p321 // atm 

ndotfuel = 1 // Do calculations on the basis of 1 Ibmol of C3H8 entering. 


// C3H8 + 5 (O2 + 3.76 N2) > (3 - х) CO2 + x CO + x/2 O2 + 4 Н20 + 18.8 N2 
ndot_CO2 =3-x 

ndot_CO 2 x 

ndot O22 x/2 

ndot. H2O = 4 

ndot N2 = 18.8 

ndot3 = ndot_CO2 + ndot. CO + ndot. O2 + ndot Н20 + ndot_N2 
yCO2 = ndot_CO2 / ndot3 

yCO = ndot. CO / ndot3 

yO2 = ndot O2 / ndot3 

pref=1 // atm 


// Forthe reaction CO2 © СО + 1/2 O2 

K = ((yCO * yO2^0.5) / yCO2) * (p3 / pref)^.5 

// Data from Table A-22are stored in EQCO2A.LUT. 
log(K)  LOOKUPVAL(EQCO24A,2,T3,3) 


0 = Qdot + ndotfuel*hC3H8 + 5*hO2 2 + 18.8*hN2_2 - (ndot CO2*hCO2, 3+ 
ndot_CO*hCO_3 + ndot_O2*hO2_3 + ndot. H20*hH20. 3 + 18.8*hN2, 3) 
hC3H8 = h_T("C3H8",T1) 

hO2_2=h Т("О2",Т2) 

hN2_2=h_T("N2",T2) 

hCO2 3 =h_T("CO2",T3) 

hCO. 3 = һ T("CO",T3) 
ПО2 3 = ћ T("O2",T3) 
hH20_3 = h_T("H20",T3) 
hN2_3 = h T("N2",T3) 


[Т Results 


K = 0.001306 


n /n = 0.09071 Ibmol/Ibmol(C3Hs) 
СОЗ fuel 


"со, з Р = 2.909 Ibmol/lbmol(C3Hs) 


поз MM еј = 0.04536 Ibmol/Ibmol(C35Ha) 


Q /n = -1.985E5 Btu/Ibmol(C3Hs) 
cv fuel 


1H- 44 


PROBLEM (444 


KNOWN: One kmol of CO, inih'ally at T 4 laim és heated at œnstant pressure 
unahi a fina staie rs attarned Consisting ef an equilibrium My ture 
of Co, , со, an Ом tn which 0.422 Emel of CO. It Present: 

Pob: Determine the heat transfer and the work forla) T= 249K, Lb) T= 400K. 

SCHE MATIC t GIVEN DATA! 








Ikmol CO, at T- and $ COCO, Or} at T22? 





Palet^ Р: let 
(a) Te 298K Neo. = 0.422 emo! 
(e| T2 400K 
imira final 


ASSUMPTIONS! l) The system ts Shewn in the accompany "м9 f'g ure. by the dashed 
Wae tr) Changes in Kine he and potential euergy are медіа ble. (3) The Кух! 

miyhre TS aH equ: Ubri migliore. (4) Presture Үе млд (дг Сом: Баи duri'ngthe 
process. (4) Tdeal gas model ocpplv'es to the CO, иге present and T^^. 


Ge equ. bre uta Vix hure. 


ANALTSIS: The first Step y te determine Tl $ The reach'on 
tokes the fru 
L CO, ج‎ 0.42 C0 + X CO + 03 


с. l3 0.42044 SB «= 0.5778 
о. а: t(.4u) + 6578720 2» B= 1 


Tuus 
(CO, — 0.420 CO, * 0.578 co + 0.284 OD 


At equ librium Co 20 Cot '/2 Oe. Accordingly Eg. (4.35 taper tha form 


Ф (le. 4 
К = (o.s& JL o- 2843 ° | PIR mm к. (0.52€ Tf 0.2.4 : 
— een) П 9 logo ott 


Trteraelan ng in "Table A-227 Ty 5 3200K . 
© T224}? I< 
= . 5 | mn 
The wort is aven le W = (рУ a р (У-У) ‚ Using the "бег да; е фое ћи 
o state | PV nı RT, ) РМа2 м, В.т - "Сим; ' 
we Ема т-ти) > (6.214 #2 eX (1:2 843200) - о) 640) кәе 
- 31816 KI aW 
Aw energy balance arves AU -Q-W. With We р (V -0; ) tars 4 eu 
Qa (7-7. \ + ре V) = (ау ар М) = (CURAVI) = Ha-H, 
Accor ding!y 
Q=- (002 [VN 
= Aw | DE к (Ta) Л, оа) eo, + Об 
о 


вава СД RUT) ROA Jo, 7 Fel, 


(Tr) te 0. 78 I co (Te) s б. 294», ] om l heo, CT) 
sgl hg thl- ROM) co + 


with dete fron а idea? gag tables 
Q = 6.422. [- 343,520 + 174695 - 4164 
0-28%[ па, $04 - #6817) – (293/520 ] 


J+ o. SBL о, $30 + 101667- 36639] + 


- 50 


| PReGLEM 14.44 C Coaknued) 
(b) T= 4.00 K 


AS pert (a) 
W = E (м, 7 - nit) 
= (314 )(C:281G wo) 2 (1)(400) ) 


Aud 622 А part Ca) ) Q - H.—H, : Tha only di ferca ce > XC. 
@Valuahm 4 thn А Co e 
(Wy 4 h (400) - KARN] Co, 7 (- 343,s20 + 13,872 - 4$G«] 


= ر¶38-‎ Si e] /tw-ACCO3) 


Q — 17,37% єл 
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PROBLEM 14.45 


KNOWN! Му at 25°C, latm enters an 
stode and react wrth aso% excess oxygen 


latm. Products of combust би exit at | atm. 
De {ermine dhe tem pera tuve vf (a) combush'on tS com plete, (4) an 


equi l'or iu Miyfure of н.о, Ha jand о, ее“. 
Сене MATIC È GIVEN DATA: 


insulated reactor operating at steady 
entering at 227%, 


Ғор ‘ 













н, qa TL 
T»229C Z 
в z la A V3 Ts =? (еу { н.о, о. 
6, P Ру» lat (S) S но, Or, н, $ 
Tz = 227°C A 
Ps latm ITI DISS? FP 


SSUMPTIONS: (I) The Control volume shown in the accompanying figure 
operates at steady state with Qey: Wey tO and negligible kinehc and 
potenhal energy effecit. Ct) In part Ca), Comburhion vf complete. In 
part 00) з an equilibrium vary hare exits. (3) The deal gas model i's applicable. 
ANALYSIS) Гог complede Combushon with 270% excess Оу, the reaction equah'ón. 


} 
2 + L750, —» Hod + 2503 


An energy rate balance at Steady Shade reduces +o eve 


(29, 0 E E = 

о = 86-00 + [ha], {т> ho), ¬ Û hme thither Ja 2 
ин. MH Өө o M di _ 

Tea: " Qu ETT ух; + Att- h (>۹8) o, 7 ir + hU (эг) ц, x Lar Kf an et, 


or 
Ru) + as ho Tê) =- Cw; ROAD] u og +S [Em)-R ee, +1.2 ho, >At) 
s-(- 241, то - 4404 q nay [ 14,770- 2682] + 1S (£681) 


> 273,231 «3 | ewe! 


| Solving фео vely with data from Table A-23, 3 =Be3s3k. و‎ em 


сь) Ње tus Cose the feach'on tates the for vA. 


U + LTO, —» x Hed a Cox) Hae (ZIX )o, 
The amount of product Мам ме vs We у +) x) + L3.5-¥ ) : (6.v-X). At egui b brum 
—— э. 
Accordingly , Gq. 14.35 totes the form 


_ 8-х) CET BI Pret h 2 bX | 3.5.у th ( 
KCT) = 4 | (ES-N x S.$-X t) 


Another еа оа Кох relahng x and T; IS оь баги From an euergy rate 
eqahon at steady state whee reduces te give 


o 0 = a T" == - 
o = c, yi + (hag), + LR d, Ca Emor Qno Ra, + OL) he]; 
Мома Td Ws 20 Гоу He aud O this ресол е: E Z 
(б < Las ho, (500) - ко, 411] = Lx A Bias (%)- —RBR * Ctey) [^ 08] 040] 
«(re 11 ho. UT; ] - bo, cap If 


ov^ T" 
x [241,820 + иь, (п) = 4404] + (1-х) С Ки, (3) - 240%] + Gi оз) - F682) 
10,654 


Equakin и) (2) are simultaneous equat um wm x and 73, Solving 


tero kv els with table data ر‎ We get 


x20.4953 , Ta = 2926 K. — — — 


14-52 


PROBLEM 19.45 (Contd. ) Atternahve IT Solotfon. 


by 


The following VT So Lupron provides anu alteumnatwe to iteration using table date 
hand, ås sShoww previously : 


IT Code 


Т1 = 25 + 273.15 //K 

T2 = 227 + 273.15 //K 

p3 = 1 // atm 

ndot1 = 1 // Оо calculations оп the basis of 1 kmol of H2 entering. 


/* Use this section for part (a), comment out part (b). 
// For part (а): H2 + 1.75 O2 — H2O + 1.25 O2 
hr = h_T("H2",11) + 1.75 * һ Т("О2",Т2) 

hp = h_T("H20",T3) + 1.25 * h_T("O2",T3) 

hp = hr 

*/ 


// For part (Б) H2 + 1.75 O2 — x H2O + (1 - x) H2 + ((3.5 - х)/2) O2 
ndotH2O 3 = х 

ndotH2 3 = 1-х 

ndotO2 3 = (3.5 - х) / 2 

ndot3 = (5.5 - х) / 2 

yH20 = паоїн20 3 / ndot3 

yH2 = ndotH2, 3 / ndot3 

yO2 = ndotO2 3 / ndot3 

pref 21 // atm 


// For the reaction Н20 « H2 + 1/2 O2 

K = ((yH2 * yO2^0.5) / yH2O) * (p3 / pref)^0.5 

// Data from Table A- 21are stored in EQH2O.LUT. 
log(K) = LOOKUPVAL(EQH2O,1,T3,3) 


hr = h_T("H2",T1) + 1.75 * h_T('O2",T2) 

hp = ndotH2O. 3 * hH2O. 3 + ndotH2 3 * hH2_3 + ndotO2 3 * hO2 3 
hp = hr 

hH20_3 = h_T("H20",T3) 

hH2_3 = h_T("H2",T3) 
h 


hO2_3=h_T("O2",T3) 


IT Results 
Part (a): T3 = 3033 K 


Part (b): x = 0.9533, T3 = 2926 K 
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PROBLEM 14.46 


KNOWN: H} at 259°C, latm enters an insulated reactor operating at steady State and 
reacts wrth LSO% excess oxygen Entering at 2279€, latm. Paoducts of 
Ccomboshon ехгЬ ot latm. 

ED. 


Determine the rate of entropy production per wol of H, entarvngaf (а) Com 7 
bustion is complete , (b) an equilibrium wivbere of 920, Hr, aud Oe errts, 
SCHEMATIC £ GIVEN DATA: See Problem 14,45 soluton. 

ASSUMPTIONS: See Problem 1445 Sol uh on. 


ANALYSIS. (4) Complete combustion of Ha wrth 250% excess Or “8 
described hy 





Ho + 1.750, ج‎ HOt 1-25 0, 


The solukon to Problem 14. 45(0) gives 3033K as the temperature of the 
Produ cts · 


At steady-state an enhopy rete balance reduces to give 
Sev a (Sep 412580, )2 - Gu.) - 175 Bon), С) 
VV Ho 
As 4. enters at 259€, latm, “Tabie A-23 gives Su,* 130.57 kJ[icmol- iK . 
O, enters at Soo К, lac. Thus) with E9. 13.22. pnd data from Table | A- 23 
Se, = 52 (S00) = 220.589 k3/kwol- K. The products exit as a mixture at 
зозъ Є, Late with composition Yo, = 2S/2.25), Чыо= 22g. Thus, with & 13.0 
оха deta Low Table A-23 
Sao = 50 (102%) -R da наз Pref = 2286.88- 2.31¥ Ln уу 7 293.62 temel’ К 
"4 


8 LLY _ 
Se, = 35 (1022) - Rando, = 284.84- P314 Je gap = 289.73 кармо К 
*- 


Tnserting Values nto Eq. С) 
: ae $89)= 134.10 EJ 

Tev 243.62) E 0.25 289-73 ) т. 130.97) ER сш 5 ) Kmot(H2) * K T t) 
Ки, 





(b The reaction is deser: bed by 


U +175 о, —> 0.955 H20 + 0.045 Н, + 1۰72S Оз. 


The temperature of the products са clotucned in the solution Ce Problem 14.45 (5) 
as 2926 K. 


At steady state an entropy rate balance reduces to grive 


X14 > (0.955 Smo + 0:045 5и, + LIS), = Sur), ~ 521); em 
ҮН: 


“Te vetuet 4 Tue), and (Sob ave t^e ешмше aj tu part (a) above. The products 


exit as о viv tvre at 2426 Е, late with the Compos tion Yaw: o0.4455/72.271Y, . 
Чир: OA.) Yor = 02725/2.272У. Tuus, wrt Eq. 13:23 and data fron the «deol 
gas talles -* 


wm == m مل‎ 0.955 ; . 
Suo Suo (2926) - R Aa Jno = 294.88 — €.3N 22725) 292.09 K T/kmoe). К. 


au - - = 5 рех ha 0-045 2 М “73 k LR 
Su: S4. (2426) -gRA-9u > 401. BS- 4 uic 23 4-46 ЕО [Емо 
3 = 5 = - gan £e LIPS = . 22 €J/Ewel- 
Son 59 Gan) - Rin Ча = 283.407 eat ^ Do." 206 / Kuol: K 
тлее ting values tuto Є$-(7) 


кт (o) 
(D Se = (ass)242.04) + (0.04 $)(23446) +G.2725 X288. 22)- 130.37- тр (220589) = 139. 60у < 
Мну 





| | — | le fe 
20 TT peter e ^w peste part Co) Tus sest +o Comme 
i Ба кей aw ould not Occur — ےآ‎ € on d. h АО - 
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PROBLEM 144-7 


KNOWN! WH, at 25°, latm Callers an гила (а le d Anacter operating at S teads, 
Sha and reacts with (00% of -theove Hot air ел tering at 2y«, la tue. 
T^ product 1 Combushm egi: t at laha and kupera ола T 


Frwy: Уе T “4 (a) Combush'm is Cow. ple k, Ce) an АТАР 
Wax har e г] Н.о, Ha, O2, gud hy, екс. 


SCHEMATIC Y GIVEN DA TA: 


— — — oo 
— — — am 


Ha. | 
25°C, latm 


[OO%theo.air 





Pre duc te ot latu, T 


SSI PTO (0) “The COROT vetume Shoum above ù at shad shh. 
(2) For the Cow tw Volum, Qerq and Kine tre /poten be entersy effect 
are wes gible. Q) The dded Gas wod! e epp l^ catty CC) Dr part (а) 

Go w. boh v G Complete. "a раф 0) an equilibrium ne uaa is formed. 


ANAUTILS (y The Lovey le te ^eo ch v0 with 100%, ломе К co air wu 
Ha + 0.50, +1۰88 M, — kotl. 88 N, 
bra елле уц со» b elemu Aadu يى‎ eite. дк aSSump h uo G Mead He = Нр, or 
=o? — "e © t © 

©з (re +Sh] tho + гавс + Sun, = C Tu, -|. e DT 
Turing «dau! Seo dea Lato | 

ос («244 Yro haut) - 4404] 41-68 L but- $669] =O 
or 

ост) + 1-88 by CT) = 268,022 Ер. Solving idera vt). with 

cto.ble do. to , T= 2525 K. 





(b) Th an ел | 7ط‎ wu wan hme s forma d, fre лла стлл eg vafi С^ Asado 
42 + О. Os, tl 38 > (1-х) HLO «x Ha. + $ Ont l &@ ^^ 
Whee na Uax) xtX 1.88 т 2.6/2. . Fo- H29 z? i o, tHe and 429 = | 
Ts &+\%-! (fa 
X Pl Prog 2 x X (1. ) " 
БЕ а) COT А | 7 dr стт ) 

P^ эм». Aor. о о Хаи ی‎ cs eoa, Td Не. = tp, or | 
оз oa LR nN- (2420). + x LACT) — — a, 

мл м tdeat gas titu da ta | _ 
є)- sep] + (To T)- s68] natos C) еви] @) 


(9 = Ct-K) (-241, $20 + U uso lt) - 9404 | +X [ uu 


Eq ua h im (1))(2) ола Sim v lAa ae uo ооой бле fir x) T. Solving Чего b vat. 
() with table data. | x= 0.045) Т=2433К. | 


|. Be casas 4 Зо o hm — Case Co) — 4^ + p ao de h ae 
| pedcs Сш :ومع‎ Cong Uut Соу о h on epee (à). 
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PROBLEM 14.4% (Cont'd.) 


Alternative. Solution Using IT 


IT Code 


Т1 = 25 + 273.15 //K 

Т2 = 25 + 273.15 // К 

рз = 1 // atm | 

ndot1 = 1. // Do all calcualtions on the basis of І kmol of H2 entering. 


// For part (a): H2 + 0.5 O2 + 1.88 N2 + H2O + 1.88 N2 
hr = h_T("H2",T1) + 0.5 * h_T("O2",T2) + 1.88 * h_T("N2",T2) 
hp = h_T("H20", Tp) + 1.88 * h_T("N2",Tp) 

hp =hr 


/* Use this section fer part (b) and comment out part (a). 
// For part (b): H2 + 0.5 O2 + 1.88 N2 — (1 - x) H2O + x H2 + x2 O2 + 
1.88 N2 

ndotH2O 321-x 

ndotH2 3 = x 

ndotO2 3 = х/2 

ndotN2 3 - 1.88 

ndot3 = паоїн20 3 + ndotH2 3 + ndotO2 3 + ndotN2 3 
yH2O = ndotH2O 3 / ndot3 

yH2 = ndotH2 3 / ndot3 

yO2 = ndotO2 3 / ndot3 

pref21 // atm 


// For the reaction H2O © H2 + 1/2 O2 

K = ((yH2 * yO2^0.5) / yH2O) * (p3 / pref)^0.5 

// Data from Table A-27 are stored in EQH2O.LUT. 
log(K)  LOOKUPVAL(EQH2O,1,T3,3) 


hr = h_T("H2",T1) + 0.5 * h_T("O2",T2) + 1.88 * h T("N2",T2) 
hp = (1-x)*hH20_ 3 + x*hH2_3 + (x/2)*hO2_3 + 1.88*hN2 3 


hp = hr 

hH20_3 = h_T("H20",T3) 
hH2_3 = h_T("H2",T3) 
hO2_3 = h_T("O2",T3) 
hN2_3 = h_T("N2",T3) 

*/ 

[Т Results 


Part (а): Тз = 2526 К 


Part(b): х = 0.04563, К = 0.004239, Тз = 2432 К 
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PROBLEM 14.48 


(< Mow AN $ C Ha art TI, la he. enka aun nfulated reactor and burns with G o Yo of 
theore hcat air eukring ка рое ot — аһа. Au е4 ии сал Voc "n e. 
i Со,, CO 442009), Ho, V. S екен at lat. | 

Frmevde Deferruine the Lupe ra pare P Tea exi hin; buy Куе. 





SCHEMATIC ? GIVEN DATA? 
eee 






Cua ſ — —ñ— — =) 
7 RES MEE RE 12605, Co j Heole), Ha, uS 
T [ а 
e/o theo. &i 2 | 


77 °F, Lal — — — — 


PSSUMPTIONS!: Ct) The Сом фо Volume Shown in te ac cova pan 4 ing fg ure operakes 


—— 


P с fends, State with Wey = cy =O and DR e Kihi И po dea А 24 © nore 
effects: (2) The exi hg едо. [и сал Luy tore 0 modeled af an ideal 9<4 
оле hark C3) M. CS tuert. 

WAL TSS: ho C | F EP . | 
А сс. Se ieu im Combes Shon C #4 te fa TC. tleore ical С ілме сл] © езек 
à vec io Бс, 14.4. Acordans la | cow bus hon wrote Go% of взе tai m 
t For ua Thre ype cred илхам ture cS descr (oe d oF 

CHa + 180, + 06:70800, > Ci-x)Co, + «СО «(L.C ex)uo .cco.4-x)H) 46.438 AA. 


At equli brin Cog + H 2 СО + Но, Accordingly , E; (UST takes ta Fora 
| | p о м Съ +X) 
KIL (e +кЈ E = GG а) 
(-x1[o-4-xJ $: | | 
Aw energy rate balance et S fe. shh re Acer Т 
| We Ст) - К (i.c yy RT LEO ES 
1-х] Chpt ho —hC$37)] о. xe x Chor + Lee) hte) fen + cev) fa TM 


En BAD S nr E -0 
«.*-x1L CT) - h W377 ] + 6.768 ( u7) - nox), — QC Jede 
Hy 


— E = LLERA) [~w4, о4о + big fT) - 4256 | 
; IN 2 | x [-47«wo А hlv — د372‎ J =L 
On Cx (зоо + hey, - o2 ] + f 


E? 4 Pu baw, — о 
^ (0.4 - x] a hit, 7 3640] + 6.769 ( bp, - 3730 | = ( 32,21 ) 


or 
(= Ci-+¥] [ —(73, 328 + eo, | +уж\{-5!›267-- hoo} + 
"acl hia EEO + Gate Chae? » 
Co- UL ин jeden het eed: sede ro 


(Le «x]C-:es, 245 + Vine | + 
(а) 


Eq vahom CI) у (2) are Simultanaons u: Xa T. When volved Hara b vaty 
A Sing "Tera dato, = 4000°K, X= 0.26 93. 





l For To» (обо cti jo wicluda Бә. COand (4, pmspechon4 
hoac hw aa uai o^ wows {wê * most Де ыы the inven O<X<O.Y. 
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PROBLEM 14.48 (ом+а.) 


Alternative Solution Using IT 


IT Code 


T1 = 77 + 459.67 //°R 

Т2 = 77 + 459.67 //°R 

p3 = 1 // atm 

ndot_CH4 = 1 // Do calculations on the basis of 1 kmol of CH4 entering. 





// CH4 + 1.8 O2 + 6.768 N2 — (1 - x) CO2 + x CO + (1.6 + x) H2O + (0.4 - x) H2 + 6.768 N2 
ndotCO2 3 = 1-х 

ndotCO_3=x 

ndotH2O 3 = 1.6 + x 

ndotH2 3 = 0.4 - x 

ndotN2 3 - 6.768 

ndotO2 3 = 1.8 

ndot3 = ndotCO2 3 + ndotCO 3 + ndotH2O 3 + ndotH2 3 + ndotN2 3 
yCO2 = ndotCO2 3 / ndot3 

yCO = ndotCO 3 / ndot3 

yH20O = ndotH20O. 3 / ndot3 

yH2 = ndotH2, 3 / ndot3 

pref = 1 // atm 


/| For the reaction: CO2 + H2 — CO + Н20 

К = (yCO * yH2O) / (yCC2 * yH2) 

// Data from Table A-27 are stored in EQWATGAS.LUT. 
log(K) = LOOKUPVAL(EQWATGAS, 2, T3,3) 


0 = hCH4_1 + 1.8*hO2_2 + 6.768*hN2_2 - (1-x)*hCO2_3 - x*hCO_3 - (1.6+x)*hH20_3 - 
(0.4-x)*hH2_3 -6.768*hN2_3 

hCH4_1 = h_T("CH4",T1) 

hO2 2 = h T("O2",T2) 

hN2 2-h TONZ T2) 


hCO2_3 = h_T("CO2",T3) 
hco 3 = x ("CO",T3) 
hH20_3 = h_T("H20",T3) 
hH2_3 = h_T("H2",T3) 
hN2_3 = h_T("N2",T3) 

[Т Results 

K = 5.276 

x = 0.2694 

T3 = 4003°R 
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PROBLEM (4.49 
KNOWN. CO at 77°F late enters an insulated reactor op e ra {ла at 
Steady stoke and burm with air eutering at 77°F latm. An 
Qqguilibrium Ил аге of СОъ, СО 0, у 94. exits at latm, Т 
Deteruwne T -q the Ce bushm occurs with (a) Bory, thawre h at 
al”, (4) loo +lhaere lv ut a'r, 
SCHEMATIC Т GIVEN DATA: 


MLE. —2 tA5 
| r^ 


7 


FIND: 










со 
3217?79F 


8, іаїм 





f со, со, Or, Na? 
- ? 


Air o fp > lade 
277% 
р. latm 


ASSUMPTIONS: LI) The Contvel volume Shown in the & CCo la pany гид fisuve "$ at 
Steady state witu Qc = Wey 20 aud w esl sible effects of kinetic and potenhsl 
кеа: (2) Тие equilibrium mixture «> modeled as an ,deal gas as rs. 
the en tering Соул оог ол arr. . (8) №, iS inert. 

Аю ALTSIS:(a} The reaction o f CO with 80% of theoretical air “to form (CO4, 0,02, #25 


is described hy 
COt 0.40, + 1.504 № “> x COo, + (г-к) CO + CEM) O уа Na 
: “a & 
The awovel of winx hare Ts we x + (t-%) + (12¥ )4 I- 94: 6.208 -8)/2. At eq u l bri ua 
Со, 2 cotio. Accordingly , £4. 14.27 tater the form 


IIIIII 





КСЕ" th Vo 
2 Cle nat 0:6] ч | - -exf 0.8-¥ 
KC) = э) = ($.808-3)/t ] — х E a) 


Another equation relating x and T; is obtained from an energy Гаје Єфоа}гон 
at Steady state tcu reduce: t give 
o = — a om 
-" 5 ` | > h : 
+ [heco J, + 10.4 ho, + 304 hs), — (X heo, + ((- к) h eo + оу} Or 


+ (TO by. ]; 


o = Bey - Xie 
Асо Е 

Trew, with he =O hy OLand Юу this be comes 
б We -{х Cp e SOR) Л, GÓ)e, + dex UR p K- i331)] co + 


(o. $¥) TR- 1 052275, + sve [ h QR (S770 J 


ow witu daa froma Table А-23Е —— 


Qadi he, Utt) ~ 3715.17] + (.so¢[ by, (h) - 3729.3) =-47, 540 
2; 
For the preductc to welvude both СОг and 92, сизресћ m Hu Machm Lovahm ae 
4-6 Y must be wo he ңе, уой 0«X«0.8. Eqs-Cl), (2) ove gim u llana ous w^ 


X and T3. PV. thvabvely with table dota, T3 = 4250°R, YO 166, 


(2) 


(o) The neaction о СО with Aba torek cot amount} arr To po du ca. 
Co, СО) 02 and M А42 

CO +4 On +1-88N2 — x CO -C(i-x) CO. + X Og +l PEND 
For the peo do ets to mctede loth CO and COL, d ы маал ony for w ts 


ws dU (иу vor О<х< і.‏ مط 
At‏ .2/)%+6.764 = 68 + ¥ 


nz х *Cl-x)* X‏ > ودرب 
Eg. 14.35 ees tee [eoru‏ — 


Tha aweunt 
Со; Z Со +1 0,. Thus, 


Raquililor: Uw + , y 
кас ¥/2 E, leet 1. [ X х 4° 
KC) tx] | иле] [ — Лех с) 
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PROBLEM 14.44 ( Contd- ) 


Another equation involuing Tg and х can be obtained 
balance wach reduces at Steady State to 


‚ 78 , Ө _ E _ _ = m - 
© = ge “an + (o.5 ho, +\.#? hw], + Lice], - (x heo + Cx) heo, + E Wo, + пев hy, ], 
Then , with Шу 20 fec Ор and N THES becomes 
x Che + RO) -h оаа). + Ceo + Абу) 28 (Фа) Jeo, + $ DA We) o, 
+ v88( КС! “WAY Jo, = (cy: les 


fro m an energy rate 


Noting that 439r corre epe ds to 25 °C | we use data free + he 
ST. table Table 4-73 t ob ten 


x [ 210,530 + RC) - 8662], + Ct- x) [> заз, го + (Te) - 4364+ х0) 20$) 


1-88 (RID) - 8664] = — 110,510 


or _ i: 
xt Wits) - 119,194 | + Ctx) | Reo съ) 402, 284] + х [ ho, CT) - Фол) 1t8 (hu, (h )-#69) 


- to, 530 (2) 
€ фое А nll), (2) OAR. Ş tu u lanes vt e оа ћ o rr X, T3. Solving 
© iterahvely wha table data, x=0.125 ; T3 =23991kK (4318°R) 


1. As expectesl , the grenier бугул: of aw used in parti b) results ina 
lower Combustion prodct temperahrre Ty Gd. a qrester amowt of 
СО, formed. 
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PROBLEM 19.44 (Cont'd. ) 


IT can be used as au alternative to am iterate solution by kand US ing table 
the program follows. 


IT Code 


T1 = 77 + 459.67 //°R 

12 = 77 + 459.67 //°R 

p321 // atm 

ndotCO 1721 // Do calculations on the basis of 1 Ibmol of CO entering. 





/ СО + a (0.5) (O2 + 3.76 N2) > x CO2 + (1 - х) CO + ((а - х) / 2) O2 + a 1.88 No 


ndotCO2 3 = х 

ndotCO 321-x 

ndotO2 3 = (a-x)/2 
ndotN2 3 = a * 1.88 

ndot 3 = ndotCO2 3 + ndotCO_3 + ndotO2. 3 + ndotN2 3 
yCO2 = ndotCO2 3 / ndot 3 
yO2 = ndotO2 3 / ndot 3 
yCO - ndotCO 3 / ndot 3 
pref21 // atm 

// Part (a): 

а = 0.8 

// For Part(b): Set a = 1. 


// For the reaction CO2 <===> CO + 1/2 O2 

К = (((yCO) * (yO2)^0.5) / (yCO2)) * (p3 / pref)^.5 

// Data from Table A-27 are stored in EQCO2A.LUT. 
log(K)  LOOKUPVAL(EQCO2A,2,T3,3) 


0 = ҺСО 1 + a*0.5*hO2 2 + a*1.88*hN2, 2 - X*hCO2, 3 - (1-)*hCO 3 - 
((a-x)/2)*hO2_3 - a*1.88*hN2, 3 

ПСО 1 = һ T("CO",T1) 

hO2 2 = h Т("О2" Т2) 

hN2_2=h_T("N2",T2) 

hCO2_3 =h_T("CO2",T3) 

hCO_3=h_T("CO",T3) 

hO2_3=h_T("O2",T3) 

hN2_3 =h_T("N2",T3) 


IT Results 
Part (a): 80% theoretical air: x = 0.7658, T4 = 4380°R 


Part (b): Theoretical air: x = 0.8751 (Ibmol of CO out per Ibmol of CO in) 
ТЗ = 4318" R 
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PROBLEM 14.50 


See solubbmte Problem |4.4@. 


KNOWN: 
For each Case, deternvune the werg destu ch'an per kmol of 


EINI: 


CO entering. 
SCHIMATLC Z GIVEN DATA: Saa soluna to Problem It: 49. 


ASSUWMPTLUNS: |. Sar 3Olu he do Problem 14.44. 2. Tos SIFR. 
AWALYTSIS! (a) Бол о. solu how to Problew 14. 44 , the «ae cow (© 


CO 0-40, + 1.504 Ny —» 0.766 CO, t 0-234C0 + 0:010, + 0.504 Ny 
Where the products ave at 4380 OR. 
А+ Steody State an e n ropy fate balance reduces to give 


= Seo), ~ (0.4 So, + 50¥ Sna), C 





Sev < (6-166 Teo, + 0.234 Sco + 0-017 So +104 5и, 7), 
Aco 
“TRE Carbon monoxide enters at 77°F, latw. Thus fro Table A-23E 
(Seo), = $5 6537°R) = 47.27 Rta/ lomo. OR. The со воском air ey ters at 77 ^F, latun, 


50 wrta Ез. 13.23 
So, = So, (537) - R А Yo, = 49.48-1.486 4.6.21: 52.08 Bt / [mol OR 


Ё А. Ую, = 45-74-1186 44 0.795 46.2( Bhf lomo R. 


$ Ma = Sp, ($37) = = 
The Products exit at 43B0°R, (atu, with tha Comporchion, co, = 0.766 j 
a-s2i 


Yeo = 0-234 ) Яо, = o. 87 ) Ju. 2 1.504 ‚ Thus, witha Є. 13.13 and 
2.3.1 2.72‹ 2.97! 


data fran Tea A- 23 Е 

Sto, = Sto (439)- È An Yeo, = 76.738 - 1486 bn 2166 = 7440 — Ba lomol OR 
2.$12 

63.57 - 1-996 An O.23V = 68. ла Gt/ [biel- Е. 


Seo = 5%, (43%) - RA Yeo = z 
2.52] 

So, = 3504300) -Ё RYO, = 65.978 - LAPE А. 0:017 170.99 GJ Гені. R 
ASLI 

Sua 39, (аз) - RL Iw, = 61.887- 1486 д. LSB < 02,91 Birl lomot R 
2-S21 


IAMCMMS values (into E9 C) 


_ (е. 08) - 
(0.766) (7۹-10 ) + (о. 234X 68.24) + 6.01? (75-89) 4 (1.04) 62-4) = ~47. ) 


= 
om 


À co 
= 34.88 BM/ lbmel. OR 


Cal eto. hing Та IK ет desHyruch e^ w SI Uva dt, ae required 
| 65 РЕ" 


Ф 
z Te Tex Я — $ в Bh) |r | kg 


EI 
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PROBLEM 14.90 ( Conta: ) 
le) From ths wolution to Problem 14.440) 
Co+40 


2+ 88 Mi — 0-125 CO + 0.67¥ CO, * 0-06?p б, + 1.89 Na 
Where the cow bush on Products are at 2349 kK, 


A+ Steady state an 


A- 


Фи әрә rate balance reduces С Sve 
=; = (0.125 $ + 0۰87$ Sco, + O.662y So 
со 


РА 


„+ 16850, Ji 8 Geo), wm (4 Soar 1.88 $5), (1) 
(D The CO enters at 25°C | Lat 


Tuus Jeo), = Seg (29% ) = 197,54 kJ/kwol Ke from Table A-23 
The a'r enters at 25°C, late, so wih Eg. 13.2? and data fron Table A-23 
So, = s (94€) - R Эм Yo, > ?6jo82- $308 А. 0.2/2 


Su, Sh (240) - ВА. юс 191.5 - 3I 40°79 


418.01 kEI(/ Ruel: (С 


(3.6 кл1[/смо. te. 
“Tha Cow bu Son Product 
“cot о, 67% 


exit at 21446, lat ш, 
у d^ о. 062s „Чо 1:88 : 
24V 








"Pu ceneno hon Чсо > ل‎ 
түте — Thus we Eq. 1323 and data feos Table A-22 
Seo = So (2349) ~ Rn deo = 269.239 -È In oa = 241. 449 k3[ kmol K 
Seo, = 00, (2399) - È le Jeo, = 320.a76- R Ал 0.877 - 330,879 kT Ewel IC. 
| RAN 
So, = $5, (2394) -R& Јо, = 2755609 - 


R Ln 0.027 = 307.633 єї[к=ө K 
3.441). 


> ash Soy- RL 183 . 262, 290 ed wel K 
2.а%у 


5p, = а (2399) . RAK Jay 


I«sertiv, Values tu Tq. Cr) 


s 





Ter (олаг) (24144) + (O-895)(330-294) < -062 )(307:633) 40-88 )(262.270) - 
n (200 батучу- G.S 08.0) — 188 (043.46) 
= 167583 KJ/cwo (со): K 
Than 3 
: ЕЗ = 44,440 EZ 
Ез = "lo Сем. Gate )(!°®*®з ЕЗ) Е 4 ) 
(2) Исо ۸ со 


«——- (b) 
K^. (CCo) 


|. Working ыр SI uwit ооч Problem L4. AA Co) 
29 Two xer 


duck ak of Pert Co) © Greater than ui parta) be cauer 
more Air th Used and tts entails meru tor 
Cnbhol volum. 
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PROBLEM 14.51 


KNOW мы: CO at 25°С, latm enters an '‘nfulated Veacter and burns wrth excess 
64 enteving at 25°C, latm. Au еүө‹(, r س ں‎ mix hare of со, } CO,and O2 
exis at latm, 2950K. 

Eid: Determine the percent @xcess Os. 

SCHEMATIC FT GIVEN DATA: 


— — 
3 


27 | 

| A 
“CT IV УУУУ ST 
ASSUMPTIONS: (I) The Control Volume Моми in the accompanying уиге rs 
at Sees da state width Rey Wey 2 О and negligible ed fects of Eraehe aud peteuh al 
energy. (2) The eqli Oriuw miy ture is modeled « an ideal 3 2. 
As ALYAS: The reaction ef CO witho, + Produce COL CO) and 0. FS 





T> 25% CO 
P, stet 










1 сог, ео, 62% 





62 





Ty 225°C 
Pr late 






= . 20 - Y. 
CO+ K0— X c2 + (l-x) CO + а Jo, 
Tre ахо of wry hure is мъ x + Сех) + (38 *) = 2.0140)- <. At eso lihri vw 
Cor È co 40n. Accordingly Eq er taker the form = 


24-X*X1^.. р h 
. [+¥ е ] 3/ Pug _ ا‎ — 
= id J c ) a (rex) -x 


(204€) -X)/ 
A+ 240K Table А27 Qives 105,0 = -0:567 m» Ke 0.211014. Thus 


(la 


m > -¥ 2. 20 - Ж ) (t 
0.073 43 = [1-2] (= ) 


Another equation relating X and x Can be obtained from an energy 
vate eq vahim whic reduces at s e dy shte to | _ 
Ney coe 7 р ъ&-х 
55 827 - —— e Ке. [= Cx he, + (1) h co + Ct Jho J, 
“со Vico 
Tren ; tort У LY! <O tor O2 Ts gives 


— = ~ 
We h T Qam) - ^ соба] со + 
xL he + he, (24 9) — heo; C200) Јо, + Са) Lbs + Месо D о 


Е о 
(бе) ho CS $9) - ho, Gat] > CAP 
or with «lole dato. 


v (-393, swo + 159,1 0—49 + Clu) 1-10 830 + оо 352-1663] + (2-Х) [tos 75-680) 
d P ) ыш 


2 ~ 10, y3 O 
x[ 243767] + Cree [-19847) + (@x-*)(4¢/03) = -10, 530 


Ow further (ед ction | 
A= 2.#4очк- 0.955 (2.) 
Cow liv ng Eqs- U) and Q) 


беу | 4. b $0 8Х- l 2| => x = 0.702. 
6.013 45у = T | 4.68 08K + 0.601. 


— this value fe x , €۹ (2) qivet о: |. 04 . ممل‎ Hee Noe amount of 
© required is 0.5 kmol | mol ССО). Accordingly) ЧАА percent excess O» rs 10895, ————— 
2 
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PROBLEM 19.51 Lmtd.) 


Altevnatve Solution Using UT 


IT Code 


Т1 = 25 + 273.15 //K 

Т2 = 25 + 273.15 //K 

T3 = 2950 //K 

рз = 1 // atm 

ndotCO_1=1 // Do calculations on the basis of 1kmol of CO entering. 


/| СО + (1+Х5) (0.5) O2 > x CO2 + (1 - х) CO + ((1 + XS - x) / 2) O2 
ndotCO2_3 =x 

ndotCO_3=1-x 

ndotO2 3 = (1 + ХЅ - х) / 2 

ndot3 = ndotCO2_3 + ndotCO 3 + ndotO2 3 

yCO2 7 ndotCO2 3 / ndot3 

yCO = ndotCO. 3 / ndot3 

yO2 = ndotO2 3 / ndot3 

pref = 1 // atm 


// For the reaction CO2 © CO + 1/2 O2 

К = (((yCO) * (yO2)^0.5) / (yCO2)) * (p3 / pref)^0.5 

// Data from Table A-27 are stored in EQCO2A.LUT. 
log(K)  LOOKUPVAL(EQCO2A,1,T3,3) 


0 = hCO. 1 + (1*XS)*(0.5)*hO2, 2 - x*hCO2_3 - (1-x)*hCO_3 - ((1+XS-x)/2)*hO2_3 
hCO. 1 = һ T("CO",T4) 

hO2 2 = h T("O2",T2) 

hCO2 3 = ћ Т("СО2" Т3) 

hCO З = һ T("CO",T3) 

ПО2 3 = h T("O2",T3) 

PCTXS = XS * 100 


IT Results 


x = 0.7019 
% excess oxygen = 107.6% 
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PROBLEM 14.52 


KNOWN: А wy ivre ef CO and the theoretial amount of air at 7209R 1.5 adu, 
evdert an insulated reactor operating at slieady state. An еро. librium 
mix uve of CO; j со, O1) and Na exits at 5 atm: 





FIND: Determine the dJemperature of tne exiting wx fave . 
SCHEMATIC È GIVEN DATA: 
DAP dL LL. 





| p» 


Co 
fco, theo. air} ^ \ A ر‎ CO) £ 2) — 
Т,2720° ^, Tat? у Pasta 
T | 


Р, ~ 1.5 atm ال ار‎ 
ASSUMPTION S:(D Tue Conto volume shown n the Accompany ng figure rs at 
Steady State with Dey = Weytd and negligible effects of kine Hic and potenhia/ 
energy., (t) The ingoing and outgoing miy jures are modeled as ‘deal gas 
wexlarest- (3) M, is inert. 
ANALYSIS: The reochHon is descr bed by 

CO toS О, +1-88 Ma —» x CO + (1-х) CO, +z ©, + 1.89 N, 
Tre amount of mix fure PS м = (5.76 +к)/2. А + OC purl: aro Co; = Co + 1/2 O, ` 
Accordingly, Eq. (4.35. takes the foru, 


CKA) [ еар "> x LE 
“Чу; mtem uml - — LSX 
Ke 2 Ci- XJ TE | LE || о! C1) 





А nother eq va h'on involving Тома X Can be obtained from an energy 
fate balance whith reduces at Steady Stote fo 


90 ` о 
= С) _ М : t == = E — = — — 
0 A m + LO.Sho, +1.88 hy + hco | i (x Weor (l<) heo, + X ho, + |. a], 
ec , with WEEO for O, and No ر‎ ^d data fron Ag Adar gas tables 
AL 7,590 + о Ст) 3725.1] + Coa 29,300 € о, (3) - чолу] + | ho, U- 372517] 
+.ёв{ hy, (R)- 3729.5) = D.S [5022.9 - 1725.1] € 1.88LS004.5-3729.5] + -47,5404 S006. 1- 3725.1) 


or 


x ће ml- SIRES) + Ct-x) het) -193,328 ] + X Û ho, 0п)- 37251) 4 88C hw, Oz) -3729,5) 


Equahom CU) (2) are simaltmnnous ln X and Т. Inspect m4 te~ 


{е achm 2700 ол. ^ blew ther f- CO and COL fo he w а. cfs 
X must be w the interval O< x <|. Solving CU, (2) itera h мел е 
2. 


using Th data, x= 0.1335, T2 = 4420°R . 


The Solution presented ом the next page use IT to avoid the itoratwe solde 
6t siwulanceus cenan s wowing Fable data. 
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PROBLEM 14. 52. (Covd'd.) 


Altevnatve Solu leon Using LT. 





= 260 + 459.67 //°R 

= 1.5 // atm 

= 1.5 // atm 

otCO 1 = 1 // Do calculations оп the basis of 1 Ibmol of CO entering. 


T1 
p1 
p2 
nd 


/| CO + 0.5 O2 + 1.88 N2 ===> x CO2 + (1- х) CO + (1 - х)/2 O2 + 1.88 N2 
ndotCO2 2 = х 

ndotCO_2=1-x 

ndotO2_2=(1-x)/2 

ndotN2_2 = 1.88 

ndot2 = ndotCO2_2 + ndotCO_2 + ndotO2_2 + ndotN2_2 

yCO2 = ndotCO2 2 / ndot2 

yCO = ndotCO. 2 / ndot2 

yO2 = ndotO2 2 / ndot2 

pref21 // atm 


// For the reaction CO2 <===> CO + 1/2 02 

К = (((yCO)*(yO2^0.5)) / (yCO2)) * (p2 / pref)^0.5 

// Data from Table A-27 are stored in EQCO2A.LUT. 
log(K)  LOOKUPVAL(EQCO2A,2,T2,3) 


0 = СО 1 + 0.5*hO2_1 + 1.88*hN2_1 - x*hCO2_2 - (1-X)*hCO 2 - ((1-x)/2)*hO2_2 - 1.88*hN2, 2 
hCO 1 zh T("CO",T1) 

hO2 1 = һ T("O2",T1) 

hN2 1 = h Т("№2",Т1) 

hCO h_T("CO2",T2) 

hCO_ 


_T("CO",T2) 
hO2_ 
hN2_ 


мм = = 
H gi T № HH Ii if 
= Но 


("O2",T2) 
("N2",T2) 


2 5 


T 
T 


№ 


IT Results 


К = 0.02862 
х = 0.8659 
T2 = 4422°R 
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PROBLEM 14.53 


KNOWN: CHa at 25°C, latm enters an insuladed reactor operating at steady State 
ond burns with Оз entering at 127°C, late ‚ An fuil bri uur wy lore of 
Cer), CO, Ov, ad Ha0(4| ex 7S at 3230 Kk, lade. 

Find: Determine tne rate Оз. enters, tn kuol per Kmol of сих. 


SCHEMATIC F GIVEN DATA: 





Che 
Tj =25°C 
Р, > laim { Cor, co, ر02‎ 09) 3 
Oo T3 23250 є, Р; {ам 
Wr127°C 


зм “уул 
ASSUMP TIONS: С) тке control Volume shoun on the оссо mpany “эл f'gure vs at 
Steady State with ©су > Wey =0 and negligible effects of kcnetic. and potent | 
R nergy. C) The mixture at 3 and in Coming О» ca^ юе mode led а: ideal 
Gases. | 

ANALTSIS: The equation describing the reaction of CH« with Oa to form Co 2, 
Co, Or) 4.0 is 


CHa + A Os —» (1-2x«) CO, + 2« CO + (Ф+к-2)0, + 2 ц. 0 


The amount of wieture VS na (1-28) tlx (4 6-2) 42 = (EX, 
A+ equi | borium Co, <? CO + (> O2. Accordingly ) 6.14.35 -Lo-t e; the form 





_ Car] (x+¥-2] Е! 9) Pret h 2¥ o + x -2 ч Г. | 
EO)" MULA Md) ^ (SLRS и) 


At З250ок, “TableA dt gives 1040 = ~ 0.1215 =p K= 0.755906 . Squaring 
both sides of Eq. C) and Solving for © 


— 8 2. 
к= = FOIE SEND quu роја [AK] о) 
F(x) =| =e 
Anotuner 2 е оа ои ruvolurng O andx Can be obterued from an Cuero» 
fate PRIAMO which reduces a1 Steady State -fo give 
© - Of We 4 (heng), Alho], - C c-ar) со, t ax l co + (чек-л) hot 2 hur ول‎ 
Мсн CN | 
Then With he 20 for O, and dete fram the 44621 3$ Ts. bles — 
— -~ TO T Be А м (2 
5s cra ee +e (Te) -R 292)) o, -(с-зю({ hee WU) hearers + wu a Со 
carer) LO) оАо, + tlhe + HG) Tan Jug] 


о = [-14, $50] А a uon -8,082 | - Ct-2%) [7343, $20 x YF A364] ¬ 2K 110,30 41, SFY - #64) 
| _ (qax t) Luo tt? gelu)" U[-241, 20 180272 > q404] 


Upow reduction J 
105. по «X + 542,934 x = 569) 406 


Ea uak wo (2) ر‎ )3 ( are simultaneous 500 o9 ù ¥ and A -B 

лс ем | ho A echo aq ог h e, fr Vv produc Н +o coo CO aud 
Co, қ wost مط‎ WU do in bey ved Oc«*x «o.S . For Ow ty re 

w Ths prow duct , a> 2. Gol ving Harah veta оу tea do tr. 


х= 0.2670) cz 4.0373. kmol (02) / kmol Cua y ب‎ 
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PROBLEM 14.53 (CContd.) 


I4eva Ave Solution of S iwuulaucous equatrous involving table 15 avoided by using 
IT, as follows * 


[Т Code 


Т1 = 25 + 273.15 //K 

T2 = 127 + 273.15 //K 

T3 = 3250 //K 

рз = 1 // atm 

ndotCH4_1=1 // Do calculations on the basis of 1 kmol of СНА entering. 


/| СНА + A O2 ===> x CO2 + (1 - х) СО + (А - (3 + х) /2) O2 + 2 H2O 
ndotCO2 3 = x 

ndotCO 3 = 1-х 

ndotO2 3 = А - (3 + х)/2 

паоїн20 3 = 2 

ndot3 = ndotCO2 3 + ndotCO 3 + ndotO2 3 + ndotH2O 3 

yCO2 = ndotCO2, 3 / ndot3 

yCO = ndotCO_ 3 / ndot3 

yO2 = ndotO2. 3 / ndot3 

pref2 1 // atm 


// For the reaction CO2 «222» CO + 1/2 O2 

К = (((yCO) * (yO2^0.5)) / (yCO2)) * (p3 / pref)^0.5 

// Data from Table A-27 are stored in EQCO2A.LUT. 
log(K) = LOOKUPVAL(EQCO2A,1,T3,3) 


0 = hCH4, 1 + A*hO2 2 - (x*hCO2_3 + (1-x)*hCO_3 + (A-(3+x)/2)*hO2_3 + 2*hH20_ 3) 
1 =h_T("CH4",T1) 


hCH4 _ 

hO2_2 = h_T("O2",T2) 
hCO2_3 = h_T("CO2",T3) 
ПСО З = Һ Т("СО",Т3) 
hO2_3 = h_T("O2",T3) 
hH20_3 = h_T("H20",T3) 
IT Result 


n /n = 4.037 kmol/kmol 
0,2 cH, 
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PROBLEM 14.54 


KNOWN: CHa ол 77°F, latm enters an 'atuladed reactor operating at steady State and 
burns with the theorehical Auwount of or entering a4 77°F, (atm. An 
едш (Сю eio v ure Of COL, CO , Ox Hi0(4) , and Ma exits at | atu. 

EF Ind: Deterwine khe temperature of the exi hing мгу Кге Lb) rhe exergy destructor 
w Bw pe^ lb mot of нчү en tying. { | 


SCHEMATIC 2 GIVEN DATA: 













[{, 
m" 4 РРСРР 

T= 17°F 

Р, lat со, со, Or, Heo (9 ), № 25 
Theo. Air Ty =?) буз late 


Tr 77°R ^ | 

Р. = latm 77975 L 
ASSUMP TLON S: (1) The Control vo lume Shown in the accompanying A'g ure 
is at Steady stale wrth Qe We, 20 and neg lji ble e {fects of Kine ht aud poteunial 
energy. (1) The incoming air and exiting wiy hore Can be modeled as 
‘deat gates. LI) №, is inert. (4) Tor S3F°R. 
ANALYSIS:@)Combustbon of methane with ие theore hecal Amount of air 
to produce C04, Co, Oz, Hol(g), and Wy ts described by 


CHa +20, + 7152 M, —> (1-к) CO, € CÓ + E O, «2 Но + 7.52 А 


Tre amount of Mixture th ^ Cox) e e X 2-7 5L zQL04ex)/2. At 
¢ 4u: bei vv. coy 2 Со + \% O2. Accor ding (ы Es. («.3f takes the fo кил. 


/› Ya h. 
_ QC ^J Rl Pret _ x ГЕ 
кету |^ — ("n [ Qr-otey)/2 "х [ 21.04 + «d : CU 


Avokhey equation in ¥ and "Vo can be obtained From an energy rate 
equa Ком Which reduces at steady state to 


0 , „° L * ^ | ~ - 5 22 
29-1 - ws a eus Y, + (zo etas, ), о), + «Aco * hg 2 hy t 752 А м], 
“сн сач | 


Then, with We 20 for Or а, Ф № _ E 
+ ۷ [^j 4 V Uy)-b C532)] ec de iV h(n )- (637) о> 


x _ . f? 
+ 2 [he + Voy) 50322] mo em h(T)- «Gay ON 
WA daka from tha 4d 2e gas +tobl er 


Cx) t Ў; + 3) - «($27 Jeo, 


(1- xy [= 169,300 + he, Съ) 4022.5 ] a x (- 47,540 + he, 03)- 3725.1) + ¥ (hy OG) - 22:5. 1 
+2[-124,040 + Wet) - +258) +1. hutt) - 3729.5] == ,ر32‎ 0 
Саем) [Recor Ст) - 173328] + xL healt) ~ 51,1657) + X L 50007 3725] + 2 (riot) 108, 242] 
As Tio, (7) - 3730) #34, 2/0 (2) 
Eqs. CD, (2) are Stmullaneous w X and 75.89 млр ech on «f Po macha е ӯ оа C 0, 


foe CO aud CO, G be w Па yov do cts x pest Be wi therntrva® oc x«l. Solvens 
iferativel4 uarns the dodo. xX=0.108S, B= ¥O066°R. 
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PROBLEM 14. SX C Cowtd-) 


(b) From We solutum to part (a), Wa renohion is described by 


CHa + 20, + 7. $1 М» — 0.8912 Co, + б. 1045 СО + 0.0644 0, + 2H20 +7.52 Na 
where the Combushon product: are et 4066 °R. 


Th rode 4 energy dastrychon Ed - To Taz ) —RR Sev à obtained 
from an entropy rate balance : | 


- [0.8912 Seo. + 0.1088 Sco a 0.0544 So, +2 Sy 7.52 5 - IS. 
wd (c е со 2 206 + n]. (Seu), 


“The Methane 


= [255732 Sm), 
Bt.) [bna 9A - The arr 


enters at 77°F, late. Thus, From Ta ble A-257, Sena = 4-4.44 


enters at 21590, lah.) So with €9.13:23 and data frou Table A-25 ^ 
So, = So, (337) Ё 4 Yo, = 46.4% - 1486 л. 0.21: 52.08 S bissl: R 


S S 3 - 45.74- | 0.29: Wt. xt Ch | lol. R 
Tye SpQU]- RA Yen? 45:74 1.386 La о. 79 ' 


: “The cow Бозок Prodoc]* exrt at 4066°R, latm wtu Сеч розг hon y со, = 

9.842/70.5744]) cos (0.10800 0.7746), чо, = (o.0544/0.3244- Yamo: (2 110.77чу) Ча = (7.52 i5 ) 

Thu d ; : 20 / г бео. Wy), 
را‎ lor fo ate Fy ow tho (dont Jos baht. 


Seog Sco, (4066) -R An dco, = 73.641 - 1:486 La (0.8۹12 /10.990¥ ) = 80, FSG рур. R 


Sept Tey (4066) = Ё An dco 62. 91y - 1-326 Ln (о. 10@8/ ю.ў7чч)= 72. 004 BA fo mot oR 


2, = = - _ 4.916 Д (0. Ato SINY 1 = 75.740 8h/lbmol: R 
So, = 59 (дое) – 2 А Yo, = 6.2797 | 4i / 


2 64.784 - [306 Le ( tres pe 68.081 б (mol R 
Smo- Tmol 4066) _ В 2 Iho А 


«e 4-0 tu. 4 Е G ¥ 22 і Ф {6 j 7°¥2flo-SIV¥ ) = 6 l 4 m n fu {орно · 0 
e ( . / e e / / R 


Sir Е 
Using caleulated date. 
Jev 


± (0.8912) (80.556) + €0:1088)( 72-004) + (о. озчч (75.746) + z Ceg.odi) + 7:52. (61-41) ( — 
Wey 


asa- (0.052.060) + Gsrl4er1)) = (84-26 Btn / Ho wol: R 


Finally у Vt exemgy destructim is 


|, 


5, 


x Tu = де) .298 Bh 2 Bhe 
E С) (632%) (184 —~ | 101,643 —— 


An iteratwe solution of simutaneous eg turus with table data can be 
avotded using IT, es shoum on the wert page. 
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PROBLEM 14.54  (Cow''d.) 


Alternative Solution Using LT. 


IT Code 


T1 = 77 + 459.67 //°R 
p1 = 1 // atm 

T2 = 77 + 459.67 //°R 
p2=1 // atm 

p321 // atm 

To = 537 //°R 


ndotCH4_1=1 // Do calculations on the basis of 1 Ibmol of CH4 entering. 


И CH4 + 2* (O2 + 3.76 №) 5 (1 - x) CO2 + x CO + x/2 O2 + 2 H2O + 7.52 № 


ndotCO2 3 = 1-х 
ndotCO_3 = х 
ndotO2. 3 = x/2 
ndotH2O 3 = 2 
ndotN2_3 = 7.52 


ndot3 = ndotCO2_3 + ndotCO_3 + ndotO2, 3 + ndotH2O. 3 + ndotN2_3 


yCO2 = ndotCO2, 3 / ndot3 
yCO = ndotCO 3 / ndot3 
yO2 = ndotO2 3 / ndot3 
yH2O = ndotH20O. 3 / ndot3 
yN2 = ndotN2 3 / ndot3 
pref 21 // atm 


/| For the reaction CO2 <> CO + 1/2 C2 


К = ((yCO * yO2^0.5) / yCO2) * (p3 / pref)^0.5 
// Data from Table A-27 are stored in EQCO2A.LUT. 


log(K)  LOOKUPVAL(EQCO2A,2,T3,3) 


0 = hCH4 1 + 2*hO2 2 + 7.52*hN2 2 - ((129*hCO2 3 + x*hCO 3 + (x/2)*hO2 3 + 2*hH2O 3 


+ 7.52*hN2. 3) 
hCH4. 1 = ћ T("CHA",T1) 
ho2 2-h Т("О2",Т2) 


h T("CO",T3) 
ПО2 3 = h T("O2",T3) 
hH20_3 = h_T("H20",T3) 
hN2_3 =h_T("N2",T3) 


Edotd = To * (sigmadot / ndotCH4_1) 


sigmadot / ndotCH4. 1 = (1-x)*sCO2_3 + x*sCO. 3 + (x/2)*sO2_3 + 2*sH20_3 + 7.52*sN2 3 - 
SCHA. 1 - 2*sO2. 2 - 7.52*sN2. 2 


SCH4_1 = 5 Тр("СН4",Т1,р1) 
pO2_2 = .21 * p2 

SO2 27s Tp('O2",T2,pO2 2) 
pN2 27 .79 * p2 

SN2 27 5 Tp('N2",T2,pN2 2) 
pCO2, 3 = yCO2 * p3 

SCO2 3 = 5 Tp('CO2",T3,pCO2 3) 
pCO. 3 = yCO * p3 

SCO З = 5 Tp('CO",T3,pCO 3) 
pO2. 3 = yO2 * p3 

SO2 32s Tp("O2",T3,pO2 3) 
pH2O 3 = yH2O * p3 

SH2O 3 = 5 Tp(-H2O",T3,pH2O 3) 
pN2 3 = yN2 * p3 

SN2 32s Tp(N2",T3,pN2 3) 


IT Results 

x = 0.109 

T3 = 4067°R 

— "CH, = 189.3 Btu/Ibmol(CH,)-°R 

۰ A 5 5 

E "cH, = 1.016 x 10° Btu/Ibmol(CH,) 
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PROBLEM 14.55 


KNOWN : cH4(9) at LSC j latm enteri an гиса (офа d reac ter operahus at 
Steady State and burns with x Ti wes the Haa ore h' cat Ano ои 4 
Air entering at 2y latm. An eau li Ьо ил bur e e$ 
Coa) Co, O and lo4 ехе ax latm. 
Fı “D3 For x ranging fow | te 4, de eA nec the tempera ture 
Th thre ayik ng eqguilibrivw- wx te. 





SCHEMATIC È GIVEN DATA! 


C 





Tj 228% 
4 
Pis late. V с0,, CO, Or №. ў 
J 
X times theo L2? 

ary =: Р, 2 lata 
Ty 2259 الا‎ 

M stade РРР 7 | 70 


AS TONS: CU The contol Volume Shown tn the ac 
{ыр ү Companyi'ng Figure /$ at 
Steady State With Dey = Wey =0 and ме; (igs ble € tects о f p» 2. "e and 


potential energ . (2) The egui librium Mixture can be modeled as an 
ideal gas. (3) a is inert. (4) кэ, 


— “The teach’ on e 4 CHa with x tier the theyre ical awount 
of at uU produce CoL, Co, OL, ond Ny ir derceiioed by 
CHa + Ande 152« M, —»(ї-ч) CO; + Со + (2к+®-2)0, 4 2H20 4 тед Ny 


Бе CO and CO, to appear wi {©з фо duchy ê paese y fr © de Oe 


ыл dice ллем ука oc mel, The amount n ими игеп) vo | 
ne 0-a)4 a + (2x5 € -2) +2 + 2× = (2.49.04 X. 02/2, 


At equililoriun со, =? CO + ^ о, Accordingly ‚ Eq: 14.35 be сона. 


-yiL 
= («112+ pa) | di Pref “a i کے‎ 4¥ 49 - 4 ә 
Кс j ^4۸3 Genoa | all M a] (4) 


Another agquahon relatng Ta and « б срес есд x If obfacned 
U sing The е мему vate balance os at f teady State reduces Чо 


۰ o R o = _ = К _ 
су Ge - ا‎ + (Кич), + [2x ho, + 782xh yJ, - «а-у Асо, + & heot (2x + 4 2) ho, + 
chy CHY 


>К + 752» hi J3 


Tren, wth Wy * 0б Lev Or and Nz 
os Reden - с-з [Rr RR) -h (298)} eo, ¬ XL М 10). 4)] co 


¬ (2x + 6-2) от) -wleae ш, ~20 + ROT) -hGagT) mo - Sax (А0) - 048), 


Wid data Craw Hu aAdraok gas tottro 


Oz (74950 )-О-Ч\ [-343,620 + йо, (h%)~ 4364] – ± (106304 сост) 26617] 


~ (avs $ -2)[ Ко) - $692) - (7241, воо аот) 1904] + Sax ms Ur) - gie] 


- (-74%50\ - (i-e) Lh co C) -402,864) ¬ * С Коо ст ) 74,144] ~ law+ Š -2) [ ho, (Ts) - 8682) 
— (Таст) 2550729] 7 7.x | hia 05) - 8664) | 
Eqs.c),(r) ore Simultanoeug wn T3, 0, and X. For each Spe (re d 
мода der X : < xs 4 | the ерик омо can be Solved fe- 73 and T 


Gs shoum w hu weu (олом the IT subhan 


(2) 
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PROBLEM |4.55 ( Could.) 


Т1 = 25 + 273.15 //K 

Т2 = 25 + 273.15 / К 

p3 = 1 // atm 

х= 1 

ndotCH4 1 = 1 // Do calculations оп the basis of 1 kmol of СНА entering. 


[| СНА + (2 * х) O2 + (7.52 * х) М ===> 

I (1- а) CO2 + a СО + (2*х+а/2 - 2) 02 + 2 H2O + (7.52 * х) N2 
ndotCO2_3=1-a 

ndotCO_3=a 

ndotO2 322*x*a/2-2 

ndotH2O 3 = 2 

ndotN2_3 = 7.52 * x 

ndot3 = ndotCO2, 3 + ndotCO_3 + ndotO2 3 + паоїн20 3 + ndotN2_3 
yCO2 = ndotCO2 3 / ndot3 

УСО = ndotCO 3 / ndot3 

yO2 = ndotO2 3 / ndot3 

pref = 1 // atm 


/| For the reaction: CO2 «zzz» СО + 1/2 02 

K = ((yCO * yO2^0.5) / yCO2) * (p3/ pref)^0.5 

// Data from Table A-27 are stored in EQCO2A.LUT. 
log(K)  LOOKUPVAL(EQCO2A,1,T3,3) 


0 = hCH4. 1 + 2*x*hO2. 2 + 7.52*x*hN2, 2 - ((1-a)*hCO2, 3 + a*hCO_3 + (2*x*a/2-2)*hO2, 3 + 
2*hH20. 3 + 7.52*x*hN2, 3) 
hCH4. 1 = h_T("CH4",T1) 


hO2 2-h Т("О2",Т2) 
hN2. 2 = h. T("N2",T2) 
hCO2 3-h T("CO2",T3) 
hCO_3 = h_T("CO" T3) 
hO2_3 = h_T("02",T3) 3000 
hH20_3 = h_T("H20",T3) 
hN2_3 = h_T("N2",T3) 2500 
IT Results 2000 
X a Тз (К) "3 
1.0 0.109 2259 jo. "1998 
15  7.025x10^ 1789 
2.0 1.036 x 10? 1481 1000 
25  2471x10^" 1280 
30 8101x410? 1138 500 
35 3.934x10° 1032 

.40 5.312x10" 950.7 0 


As Wa anew of air supplied vacreases , Ye temperature eC We 
umbwstum products amd Ma amewt of CO decrease. 
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PROBLEM 14.56 


KNOWN: A mixture of | Kmol CO , 0.5 «wel Or) 1-88 mmol M, ik initially at 
LLTO C,) latm în a closed, rq id , ѓилзміо је vessel. Ал едо li ر وا‎ vu. 
мач ture of СО, CO ر‎ 02, and Na eventually forms. 

FIND: Detevmine the final pressure. 


SCHEMATIC т GIVEN! DATA: 





initial Final 
ASSUMPTIO NS: (1) The System fs Shown in the accompany rng оге . (2) The ‘деа! 
a as model оррігег аб the inihal and fual states. (3) For the System Qs WzO 
and kinene and potential energy effects are negligible. (4) Ma is inert: 


ANALYSIS: The reachon taires khe form 
со + 0.50% 1.88 №. > х CO + (=x) CO, + хо, + 1.88 №, 


Tue inital amount of мч ме VS M3 I+ о.7+ 1.88 v 3.18 «wol. Tue be 
amount э È мат Кге гг Mx ee Ск) +X +188 = Є.ль+®)/2.. 
The deal qas equatvonef Stale gives 


РУ = mR Tı | : a. “ Т Ct) 
Р Маль б Т A ni Т 


AS Pi, Tr, and are known, P} Can be determined onee n, and Т; are киошй. 


At equilibri vu , — = Cot {і бъ. Accovarngly 64. 1437 takes the form 


EJH une 1 
KC): ^ От | (2) 


Since P= Pref з ose of Е.а) in Sq.C2) gives 


««) kJ" o 


Another  Qquetion ммо иги x and Ta. can be obtained From an energy 
balance w wch reduces +o AVA That's, 


| (х Teo + Go Uco, + $ Ho, +188 Uv], -C Teo vos бо, +188 Em], = О 
with Reda RT, GtA-RT 
[x L Te- АТ) 4 Cv) Chee, - RT) +3 «[`һ„-ЁТД| - (hee - 8T .) +o. (؟‎ hec EU] l. eefi, (a) = О 
p. - (1+) R= 0 


= = — — — 3 Ё Т. 
[ Y & со s0-Y) he, + ho, ) 2. -È heco 46$ ho, Ji a ۱۰80] ر‎ 0)- v w(t) | -zRl 


For Со, CO, , and O2, ha h4 + Ah. Тк $ _ _ 
y LR эмт.) - 040] +e) UR aR- heat] co, + &[®@м1-һбар]о, 


- Gua a Roane, ces ROS бю), + 1-88 as] -Bu Gre 2t - epo 
With data Cro. Table A- 23 
XL -uo,530 + he (TL) - $664] + (а-к) (-243, 520 + со, (h)~ 9364) + 
i [^a t.) - $691) ~ [-110,S530 + 14,600 - 8664 ) = 0.5 (14,770 - %6% [ + 


Bel Gy, Ch) = 093) + t (8.314) (500) — (oq RT = б 
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PROBLEM 14.56 (Contd) 


Tas 
x Û hep (he) — naga] * (лем) L Neo, Ст \ - +02, gis | + siom) - 8682] ~h 


1.89 6.01) - CIS Ф) ЕТ «$9145,» 2 су (4) 
Eqs: .)3( ر‎ )4( are Sie neous Ww ¥ and T3. Tn spec tH on Ф 40. 

reachm 240^ лл shows thet for CO and COQ +o be c the 

[^o doct ¥ мос ba ua. fhe in уи OcK <| . Solving i ava h’ ve عا‎ 

using table dataj X=0.2262, R= 2161 К. Tes 


ng S. +0-226% _ 2.443 
2— 

Eq.C!) Ил». т а 
= — — — — — — —— —— 


the following IT solen Mu am alternative to the (terahve approade 
mvowmg use of tuble data: 





> 
О 
o 
Q 
Ф 





= 1 // Кто! 
_1 = 0.5 // Кто! 

: 227 + 273.15 IK 
1 

n 


270-1222 
Hu o "N O 


// atm 
CO. 1 + nO2 1 + nN2 


/| CO + 0.5 O2 + 1.88 М 5 x CO + (1 - х) CO2 + x/2 O2 + 1.88 N2 
nCO =x 

nCO221-x 

nO2 = x/2 

nN2 = 1.88 

n2 = ПСО + nCO2 + nO2 + nN2 

yCO = nCO / n2 

yO2 = nO2/n2 

yCO2 = nCO2 / n2 

pref = 1 // atm 


p2 / p1 = (n2 / n1) * (T2/ T1) 


// For the reaction CO2 © CO + 1/2 O2 

K = ((yCO * yO240.5) / yCO2) * (p2 / pref)*0.5 

// Data from Table A-27 are stored in EQCO2A.LUT. 
log(K) = Lookupval(EQCO2A, 1,T2,3) 


U2/ nCO_1 = (x * uCO 2 + (1 - x) * uCO2_2 + (x/ 2) * uO2 2 + 1.88 * uN2 2) 
U1/ пСО 1 = (uCO 1 + 0.5 * uO2 1 + 1.88 * uN2_1) 

U2 = U1 

uCO_1 = и Т("СО",Т1) 

иО2_1 = u T(O2^,T1) 


UCO 2 = = u_T("CO",T2) n» = 2.993 kmol 
uCO2_2 = u_T("CO2",T2) x = 0.2262 
uO2_2=u_T("O2",T2) Т, = 2760 K 
UN2_2 = и T(N2",T2) D> = 4.887atm 
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PROBLEM 14.57 


KNOWN: A uy hare of CO and {ihe ЖФ бое ге Н Cot СА о vat F aire react in aA 
infu (АК d vec fe Û to form С. іл ео. li око а млл pore 4 Ce, со, o, 
for wb ¢ tu On ما‎ lec CLA [4 Sis г provided. ^ weatgcred ид ісе for 

EE PS fuer kupera þa ve 
Find: 





is (A du cad 
o f Y^ given da te-. 


as iw ek. 
Check the Consistency 


T= 60°C 
Ps — 
ngz 3:38 


Kind 


О. 8 OBicmel eo, 
Q.(4 2. En CO 
0.0946 Kmol О, 
1.88 nmol M 

M p= 2.476 Eo I 





ASSUMPTIONS? () "The system is Shown in tha figure above. (2) For tha Syste 
Q=W = 0 aud Клеа сИ poten hak SEY effect are negligible: (3 ) T deod Jes 
реи сл ples Spp (4) Ka is inert. 

ANAUCCSIS! U sing foe data e. роке To baianced reac ол 


t CO + 0.50, + (BE, 


aud 


egua har 
— 0.808 C0, 40.192 CO 40.026 0, 41868 My 


Coco 


eq quen balances veri fa - ha ¢ 
Next jan enerj y balance reade 


о = 2.^ (й+о 
Р 


? 


D: 


ex рге ее сл ck carret 
AU = г-м. Para Me ling the devetopmnt 
РЕ шш 

iz | P R. 
© gog [- 343.510 + (45,471 - q264)] + 0.142 (- 110, 530 + (4248$ — 8664)] c0. 646 (16/379 ~ 66827 
` J 
+ 1.80 [41,724 ~ 4684] — j [766,530 + (26% —g664)] - o.sQaro*t- #662] 

- gai ( (2738)(a.776) - G33) 3.38) J = 56! KI 

Accordingly , the erva y bilance Ceg oi چم‎ ил is close I3 Sahe fied. 
Awa lly 1^ egov. li 


beso Сол Маай heo Ù be considered? 
ho hust v bre pressure , olo taid osing 1 


T AX. yeqeiet t 
4 d ec? Gas e« oa f mn A s p 
Се > AF 2 T ^" Lec 
ee € (ates).  2238K]. 2,433 
"e Ир Тр =) Pe т fa 4 = latm ) 333K 7 X. 
т “ЕЛЕ np e Te (3.38 wat 
The. 


2» fp =2.+33 atm, 
کے‎ 2- Or, So 


| Ow, (ec - ( 
k (ә?3ўє) = (о. (a2 [0.09€ J 


2432 | 
[0.808] | 


th 

- 2.162 1 | 102۰43 = 0.1148 
0.0 

Tren, Gan Ted А-2? at 2738, 


— ее OMIT OZ к = О.ў { . Thus 
AU e4 ola ОТЕК Cea da ho^ L3 «l&v Cherety Fahre fred. 


Accordingly ر‎ ho o мыл doto onr Ceomustut. 


>. O 
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PROBLEM 14.58 
known: At 2000K, CO, Z2. Со+»% Or 
Frwd: Estwmate the enthalpy h Лә осол usins The vant Hef f е фол Н ои anh 
equi l hrivm Constan t data. Coup ore with the value. Calculated 


using Cntetp data. 
AS so MP TOON: The er аа nodal & appli .ملب‎ 


Кез TS (S) мае. ы: 149.485 and u sng la К = 4.303 log wo I< 
АН: ЁТ“ er = 2.303 Ё тозе 


чә. +. A iato ہہ ہہ امم‎ — Рл... (4.6 
{оўо K: Cit Съ = d £o (< a —- Съ 
" Si " — co 


Ce leng nso АЛ: 
Ct) 


Att- — a.808 R Co 
Than, نت‎ tie ^ne ao = TS م2‎ ٥٥٤, ак es dite fr Table A -27 


C 
log Е 7 C. T 
—3.2€]1 = > * 210400 E C22-(4923 K 


Q aooe’. 
—2.934 = C + С. 11100 


@ 2100 : 


IM J Ib 5236) 


= 2230S С.З 


= 278,074 KI/Frrt 


Were date fran дыл А dant Ses لها‎ 
Att: hep + tho, — Ў соу 
о 
= [ Wy + hooo) - № оа) ] +1 re К (1000) -T C140), = Су + (ооо) -k aJ 
> (- uto $30 + 65,40 - 1664] + AT 67, $t1- )6817م‎ = [7 141,5204 coo, 004-4364 ] 


= 277,884 nS Jic wo! в) 


тка ло aun by EGS (2), (3) differ bg Aa se Hon ou %o 
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PROBLEM 14. 54 


knowl: At 2000 К, Ноо 23 Н, +10, 


рем О Ech wate tne enthalpy o f Аза ch ow usr ng tha van't Ho $f and eau lhi brivu~ 
сом {тиі data Co wpare ui] +h value ca\cvwvlat d Laing tiep a da ta. 
ASSUMPTION: Tho adat gas modil (г appli cathe. 


ANALYSIS: Rearranging E... 43b and uiing |" K= 2,203 log yolk 
AT: RET*4£AK _ 2.303 RT“ lg ok 
ат dT 
Uo عا ہا‎ Cae pola ہہ ا‎ Ati { n 
logio = Ce съ d Logo . — Сг 
| Tov 4 7 co 


Coll ес hw Aso u 0 Ж 


АҢ = — 2.303 RC, Cu 
Than, un Xt edad (400 = TLAIOOK , uang dab Fran Tots A- 2T 
@ 1iqook:  —83.886- € + C2 (1400 q с = – 13,147 К 
(9 2400 c: —38.2v? > G + €2 (2100 


Жы Va bu fr Ca, YQ: CU divis‏ وہ مما 


ЗІ ED _(3,!47(©] = 251,727 KI (2) 
Bu --2.203(8 3 ER J ) — 
(9°; fu da te Ar ла ua As 56 Atl 


AH = Кн є i o, — ^ uio 
6 


о E — = | 
> WE T Ges) - Т. (248) | ساج‎ £ ale (зооо\ 2498 (| 02 
~re х h (2000) zb (а) J њо 


- J — | -2 41, ص۴‎ + $2, 543 - 4404 | 
_ Cetsoo- $4682 * 5 ( 67,881- fes J L 


z 251) 663 кт (з) 
"TUE 


Tes лол d из. by Eqs (2), (з) dHe by Ross Me 03 A. 
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PROBLEM 14. .0 


EAS оору: 
тош: АФ 2900K , Co, 2» Co + i په‎ 


FIND ° 
RESO C eHow a Le Tue e ^ 
70* bru Coustant art g 
ak 2000 K free T T. А-а? и و‎ IK 
eAve o and e сое Van C Wet 
ASSUMP TLO oto уа fra Tett. UT] Чел. 2800K . = З 
SST а "DEL эЧ gat medit гу appli cable, 


e a l : 1 


ddl ANH 


d t RT U) 





Evaluating 4H as tue averege of the Values at 2000 and JO0OK є 
gives о ром. леди ои тч) 


An Ex 2-9 | 2 — 
є EG т Т (2) 


Pov CO, — со 44 Or ر‎ data fco ve Che ad s gas Heta GA Wee 


АН = heo + 1 hoy - heo, 
= [hy + W(t) - heed]: +4 PAG = haan], (4 + т) - - (240), 


(R 4 LR) — Коо, CT) |+ CR- 641] co -(к osri]., - (he - м. 
: Cre, (1) 44 Ко, (т) - heo, (1) 14 [-11o,st0~ $61 - чэче — (714550 7 4304] 
„Гост ho —— 274344 

At Ts 000c.: | 


OH - (учо + 678E, = ioo, rod [+ 2733 Y Y = —— $54 єз (кило | 
2 


А+ т> 2605 К: 
дн = [29784 +18826 — 144067] «N = 273,732 € Jl c 
2 


Tha (Ан) ave = 275, Bi TP ey £40) qv 


lu Ca _ ^?75,81!| , Jl | I. MI 
— — = ——————  —  —Á 2. 
Kı 3.314 k3/kret k 1, 920 2060 


=> Сл. - U4. 3% 
| 
- 3 


Fru 7000, А-2{ ر‎ at looo (63:6 Е, --2.88W ر‎ K = L 3061 </° | Hauo 


/ 
къ = ua Cl Boe Kiros 0-144 3 


Frm arn, Teha 4-27 ر‎ «© 1800 € , logio kz =~ 0-825, ғо 
Кут 0.1 ۹ ZI жо. м. d мо Аа » ws Nm о. 2. Ys 4, tue tet vuelos. 
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PROBLEM 14.6! 


KNownN: At 2860 |> ) کچ ن رلا‎ 4, +d Oy 

FINO. ä 2. Олгон constant aT 2800 E. «cw K at 25ъок 
fran Tole A-At) tog tor w cde. СА. yan) € Hatt €. oa Ti v4 and 
entretpy data. V value oltomed Gu Te Ua A- ST 
eX 2600 қ. 

ASSUMPTION. The ideal 941 eguation TS applicable. 





AwacrsiS: The vant Hoff еол М on, E49. (4.436 , gives орем rearrangement 


82-6. ан 
d t RT? Ct) 


Evalue tng AH о: 4ке average of the values at 25006 and LB , &s.Cu2 giver 
Upon integvation 


du ME uem Cod )ave = — F 
E R L l 


For ho Ht] O, , data fom ths idan! gas оао 


Als: "nul ho, -hmo 


= hs һ(248)] + 2 k(7) - -huano -Lhee М (т) -= 1 (24) (^30 
hu, (т) + J ho, (r)  huao(T) 7 hu, 9) 71 Ta at) - (RF -h блй) Hio 
= А 


— 8 ч 
= hu (rag Мо = мост) – #Чер-Ч3*/ — ( -эч Pee -4404) 


и (т) t 4 Ко (т) = Кост) t 228, 95 


At Toole’ 


Aw = 78,460t 1 (27087) - 108, 86r + 238, 95 = 252,935 Kl Било 


At 29oc Ec ` 
AU gage 1(48,016) – (23, (86 + 236, 


(AH )ave 2 2.52, 752. tc 2| ent ) حمست‎ Ea рез 


4ı بے‎ a96 6216-6 


Гмм», 
Ex Съ. - 9 $2754 — — Э; kz. 3.6797 
C 5. 3% Ft 


^ ^ У < eum — 22 kK == (0 А 
[4 д ( ` J ( Ё 


ku = (5.492 xeo A) 3 6121) = О. 02205 


Fre Corps, Tobe 4-37 , «ә 2800C) LOA ley = —!. 656) So 
I = о.о2\Ч@. QWs э mot d eee Witty aloud 0:3% (y tre tr bh Vola . 
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PROBLEM 14.62 


KNOWN: For C22H, 4? CHA «t 25°C login K = 8,4. 

Find: Esthmate login I4 at Soo?C. 

ASSUMPTIONS: (1) The van't Hoff equation ig applicable . (2) АҢ is constant, 
AWALYTSIS: The vant Hoft equation is given hy 


di^K „ AH 
iT RT 
Tf OH vs Constant 
Ka . ДАНГА „у 
fv mU 2 di +. | Ct) 


For сан, È СНА ر‎ AH 5 given һу 
Ak: h cua xh ps Z ho, 
А+ 248K, Table A-25 gives 
AH = 74,950) - (0) - 2(0) = -74, 850 *3/kwe| 
Subst ting values tute G4. C0 


ln Къ 74e¢s0 (4. — 1 
Йй к Е 9.714 L773 2 


=> 
log o Ku = = 8.06 
є 


ow 


© 


LOA io Ky = $.4 s 8. Ole = 0.94 ا‎ E E E 


l- fra da'seos sion of the ед urlibreum cousdent and the heterogeneous System ги wht h 
Ja pure sold or Liquid phase of оме (or move) of the substances "€ present inthe ефирли Lucy fur, 
see Concepts of Thermodynamics by E-F. Obert , McGraw -Hi ll , 1960, Sec. (4-13. 








PROBLEM 14.63 


KNOWN: For Cs 22 Cet + e` ر‎ Ks 0-78 and 1$.63 at (600K, 2000 б<, respechve ly, 
Fim dD: Estimate AH at (800K. 


ASSUMPTIONS. (1) The vant Hoff equa lon S applicable . (2) AH varres 
with temperature Now оо te Zooo К. 





only gradually 
ANALYSIS! The vant It Ff equator rs 


dink „ at 
dT RT* 
Then 
усл 
\n E s = Caere * Ü t] 


where (О) оме iS LA average Value of the enthatpy of гом: заћом over 
the temperare Tange. Thuas 





5 Ka 
(OW). e = RaR 
E RE к 
Uu Ta 
Se? 
вза U олв/ s 199) ЗРО 5: ن‎ — 
L 1 temo | 


бо 2000 
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PReBLEM 14.64 
KNOWN: An equilibrium mixture at 2000K, latm consist of Cs, Cst) e^ K= 15,63 
EIND: н. 2 kmol of Co is present infhally , determine the percent sompahion 
o с. | 
ASSUMPTION: Equilibrium can be treated using ideal 9 as vars hure QG4vilibrcow, CONCE prs. 
SERS The (олі te von o € Ce +o for v^ a vi hare of Ce, Cyt, aude“ гг described 
T 
Cs — (i-2) Cc + za Co ze 


Tne owsvat of mixture is nea (в) LL = 122 
At equilibrium Cs D Cstter, зь 69. 14.37 tures the foru 





-l 
к: 121027 ( Р/Реј i z* у fiw 4^ 
ü-2) L '*z " т=з z S. m] 


With Ka IS © rs becomes 
/ 
15.6 3 S 

2*[ we = 0.964 


“Thus ر‎ tbe бөлөө of С; (^ the mixture ts 0-031 кмо/. Cs is 16.9% “— 


dissou'ated. 














PROBLEM 14. 6S. 
KNOWN: At 18000 PR and prossure P) an ето brium way pure Cousists $ 


Ar, Ant, е^ Бу Ас Z9 Ает, Kz 4.2K at (Booom. 
Eb: Plot tu percent Гора tion of Ar с оо < р& о.о atm. 
ASSUMPTION: Equi h brum Can be treated озм $ clea | Jas mix fore conce pts, 


ANAL TSS: The олара hm of Ar + form e VA pure of Ar, Art, and e^ ry 
described by 
Ar > (1-2) Аг > А + te” 


“Tne aOawmount of. имам hare S na (1-2)4 7 +2. 5 (+2, 
At eqvilibriym Ar 2 Ar" лез, So £9. 14.3 takes the fo» ^ 


(z3(23 ( P/^et1 7 | 2 
"s ux] c GS AQ) 


Tuus | 
| 


[А | L 
K/(Pinet) [ | | 2. 
2. = 
> sss йлы NE = “Фу 
| I+ к [(РГАер) AD + | 

Le 4.2. X107 4 ) 
0.2 
0.15 
N 0.1 
0.05 
0 

0.01 0.02 0.03 0.04 0.05 
p (atm) 
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TPOGLEM It66 


known: | Kure ( Na tonis eJ do form an equili "beri un wux ture of N a ‚н<, e^ 
x «wol. For Ma = Nate e at 000K Kz о.бсар. 


Pap: Plot р versus x for 0265 < 0.3 cal. 
ASSUMPTON: Едо риол can Be treated Using ideel gas kux hure Cmaps. 
ANALTS S! “The голл ол 1 Na te form a мл аге of ba bat ега deser а bs 
А Na — x Na + Cc x) Not « Ctx) e. 
The омол o илк hauez N= Ke (1-4) (г-к) = 2-X. 
At equili hrivu Na 25 о, + ео. so bey 1-847 fune tle for u. 


kK = — х) по | — (Jl^ ¥ °C eleg) 


ж 0x) 





Х(2-х) 


2 5 س‎ 
Smee {Єт 0.660, 2 0.668 ESE 


Thus for Frag = 1 aw 


0.4 


p (atm) 


0.3 


0.2 


0.1 





` PROBLEM 14. 67 


KNOWN: | kmol of N ienijes to form an едо. рги, "ik heve of N,Ntande” 
«+ 12,600K, Бам ^ which the the amount oF M © OQS кило. 


Fimo: For NS “+e”, determine IK 
ASSUMPTION: Eguilibrivm can be treated using (deat qas mirre concepts. 
ANALTSIS: The ioniza hon af M te for ua Ал Ravili briva, mix pre of M, vt, 
and e” бг descr bed by 

IN > l2) N 42 N teze” 
Srat |-220.Qy wol , 3.03 ie wol. ^ Ccordenjlo 

(№ > оаѕм + oor N ^4 O ose 
The amvvnt of мл, ә”? PFS и 2 [оК ило 1. 


At ахо (Оки. N Ж» ntne“, со Eq. 14.37 +ates the forn 


ks Gosllo-or) it о: 0158 4 
Cee rer ] 
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PROBLEM 14. 6& 


Ерош: Cos › Ох, Na еи {ас a reac tor operating of Steere, S tot wif 
eguak Vert t7 te rato - An e quilt br оил — Коч» 4 
Y Со, у Oa, Mx, CO, Not exits at 3000K Sabu, 

= (кр: 


De fern ma the nolar oae ee SUT (le ega li Ве. web . 
SCHEMATICS GIVEN DATA 
— — — — — — 


a> enm am See ë m — — 


CO2 T 
02 ) 4 T coe, Oe Na, CO, f 
N2 | : 4 


| at JOOK | Ya hy 


"e «m сә сь == =e — 


ASSUMPTIONS: U) The Ceu hel Volume Slow «boue c at steady S Tate, 
(х) Tad gas Qv. plee їл). 
CO, Ог, А. еми, ot 
мд OTC 5, О и +e bafis | “0, мны. | J F 
oan. hs Alo о. Ха. ceo d ак ue ЛА lo» Cre for u. 


-ё)м№ a) 
Асо. 40, + 1, — (1-8) Cog + BCD + (1+ 2 -É Jo, +END+( E) * 


whore SN Ore ои Yco conf. For X6 Queso cs у И = Qt 8/2. | А 
А+ مھ‎ vil Drive, + howe w dapen dwt Лаа cive most مھا‎ sah ste 
(т) бо, ص کے‎ + ZN, T tootin 2 MO 
= nm Tohle A-AF at Booo K; 
For Ara thom (1) with K, = 0.3272 C Е " "n | 
Т) B_E 
B (1+ 2-Е) | Pleg) _ (=) — | (у (г) 
о.317 = з > 2 ing 248 
(1-8) * 2 
23 c 32000l< 
белеу. (E) with жа 20 uaa (xw Tht А -97 


O-(ULLU = 


E Plea] E — (3) 
| EE и | [La+s-e](2-€)) 





Band C. Sel AY ر‎ 
Eq vations (2), (3) ora tur Simul {ласу — a 
®-о.тож, Е= 0.1208. To {рте =: 


(1-3) Co, 0-7483 








- O.2SF 
R со: бз бб — 6.06 S. 
| .04¢0) ` = К 0-336 m —— — 
(1+ -§) 05. . 4 02 7 
2. = No : 0: | 208 quo 0.039 
А 34 (2 2 0.303 
CE) ке | gh, = 
бй 8, 1004 
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PROBLEMA 14.68 C Covd'd,) 


Altevnatiye Solutun Using IT. 


IT Code 


Т = 3000 //K 
р= 5 //atm 


1 CO2 + O2 + N2 5 (1 - 0) CO2 + b СО + (1 + b/2 - е/2) O2 + e NO + (1 - е/2) N 
nCO2 =1 -b 

пСО = Б 

nO2 = 1 + 0/2 - e/2 

nNO = е 

nN2 = 1 - e/2 

ntot = nCO2 + ПСО + nO2 + nNO + nN2 
yCO = nCO / ntot 

yO2 = nO2/ ntot 

yCO2 = nCO2 / ntot 

УМО = nNO / ntot 

yN2 = nN2 / ntot 

pref = 1 // atm 


II For CO2 <+ CO + 0.5 O2 
K1 = (CO * yO2^0.5 / yCO2) * (p / pref)^0.5 


|| For 1/2 O2 + 1/2 № © NO 
K2 = (yNO / (yO2^0.5 * yN2^0.5)) 


// Look up log10(K1) in EQCO2A.LUT. 
log(K1) = LOOKUPVAL(EQCO2A, 1,T,3) 


// Look up log10(K2) in EQNO.LUT. 
log(K2) = LOOKUPVAL(EQNO,1,T,3) 


[Т Results 


K4 = 0.3273 
K» = 0.1222 
усо = 0.06506 
Yco2 = 0.2574 
yN2 = 0.303 
Yno = 0.03896 
yo? = 0.3355 
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PRoGLEM 14.69 


KNOWN? Ах equi molar Miytare of CO and Нго‹@) enters a heat Cxchanger 
2500 K latm . 
Find: 


Determine the molar analy srs of the equilibriu m miydure. 


ASSUMPTION: The equilibrium mixture IS modeled as an ideal gat mix ture. 


AWALYTSIS: The overall reaction has the for we 


CO + UO -> x CO, + Y HLO + (i-x)CO + i liexeg) 0 + (ing) Ba 
Tne total number e| woles и in the produet mig have i3 


We wey eltax) dCtexey] 4 Cy) т G -*-3)/2. 


А + 24 vil irre | 4 wo Inde pendent reach'ons Yelate the Components 
ot the product Wik tvve: 


l. CO, B cott o, 


e Ct È Cot HO 


From Table A-2% at Lo the retpechve value: of (озо K 


loq, X, = -\ 44 =) єк, = 0.03631 
109 ıo \С, > + 0.784 =) C > 6.0135. 


аге 


The forms Чеди by Eq 14.35» whew P/f = | arg, respech' vel 


/ ( 
txl ie | т P/ et | Y с 2 
Ki x (б-ж-ү)/. Y L6-Y*9 


k.. feed ty) | stent T (=I y 
e —— Mm —_ een) = — haa: 
x (х2 [ -92 и x 4. 
Solving thts pair of Simultaneous equahions for x anê y 


к 0.23808 
ч: 0.71110 5 


“The equilibrio vary are en a waela bar's vs then 


$ 0.29808 Con, O.21j0$ hO, 0711192 CO , 0 000435 0, | 6.29547 h | ص‎ 
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PROBLEM 14.69 CCont'd,) 


Altenatwe Solution Using IT. 


IT Code 


T = 2227 + 273.15 //K 
p=1 //atm 





П CO2 + H20 + x CO2 + y H20 + (1 - х) СО + 1/2(1-x-y) O2 + (1 - у) Ш, 


nCO2 = x 

nH20 = y 

пСО = 1-х 

nO2 = (1/2) * (1 - х - y) 
nH2 = 1 - у 

ntot = nCO2 + nH2O + пСО + nO2 + nH2 
yCO2 = пСО?2 / піої 
yH20 = nH20 / ntot 
yCO = nCO / ntot 

yO2 = nO2 / ntot 

yH2 = nH2 / ntot 
pref=1 // atm 


// Forthe reaction: CO2 « CO + 1/2 O2 
K1 = ((yCO * yO2^0.5) / yCO2) * (p/ pref)*0.5 


// Look up log10(K2) in EQCO2A.LUT. 
log(K1)  LOOKUPVAL(EQCO2A,1,T,3) 


// For the reaction: CO2 + H2 <+ СО + Н20 
К2= (yCO * yH2O) / (yCO2 * yH2) 


// Look up log10(K1) in EQWATGAS.LUT. 
log(K2)  LOOKUPVAL(EQWATGAS, 1,T,3) 


IT Results 


K, = 0.03634 

K» =6.082 

Nco = 0.7119 kmol 
Nco2 = 0.2881 kmol 
nu? = 0.2889 kmol 
nio = 0.7111 kmol 
no» = 0.0004324 kmol 
x = 0.2881 

y = 0.7111 
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PROBLEM 14.40 


KNOWN: А closed vessel initially Contarns 3 lomo] Сох, Ф lome/ CO, and | lomo! He 
An equilibrium mix hare гг formed at 4680°R, latm сому оў 
Coa, CO j,H2 0, H1,0,. 

Frob: 


Determine tre compos tion of the € ری و‎ lib runs min hare. 
ASSUMPTION: The equilibrium mixture s modeled as an ideal Gas miy Mre. 
ANALTSIS: The 


overall reactron has the foru 
ICO G CO + | H => x CO, 4 (Я-ж) CO *(3-x-24) 0 + (хезу) н. + 
The ttl number of moles n tw the Prodwet oye rtm i's 


WE Ke (а-к) æ (3-«-29) 4 (жеу) + Ч 


At 2quilibrium , two 
о} 45а product wrk ture: 


\. 


= loty 


vadepenudend reactions relate the components 


CO, ш» со +3 0а 
a. ә SD ntt OW 

From тъл. А at 408000 the respective values of lo (< are 
leg K, 1:214 m» К > 0.06039 


10410 К, ° -2.02| > к, = 0.002355 


The forms eken by EF: 14.35 when P/ Pref = 
1] 
— (a-v]L 4] E P| Peed- 
° TT 


ск оф E Czy) К 


lar PIP 
- -2)( 4) 
bl x mg ll — "2$ пар 


Solving this p^r of Simultaneous equa h ont fov and 


| ave, гесресіт "el 


Ye: y 50554 
4з 0.0043? 


The еў uli рл vm mix hare ona Molar Wares PS then 


\ 2.30554 Co, b41 СО, OOST HALO, IS А, 0.00423 H, T M PR: 


14-89 


PROBLEM 14.40 Cont'd.) 


Alternative Solutii Using UT. 


ІТ Code 


T = 4220 + 459.67 //°R 
p=1 //atm 





И 3CO2* 6CO* 1H2 > x CO2 + (9 - х) СО + (3 - х - 2y) Н20 + (х + 2y - 2) H2 + y O2 
nCO2 = х 

пСО = 9-х 

nH20 = 3 -x - 2*y 

nH2 = x + 2*y - 2 

пО2 = у 

ntot = nCO2 + пСО + пН20 + nH2 + nO2 
yCO2 = nCO2 / ntot 

yCO = nCO / ntot 

yH20 = nH20 / ntot 

yH2 = nH2 / ntot 

yO2 = nO2 / ntot 

pref=1 //atm 


// For the reaction: CO2 <> CO + 1/2 O2 
K1 = ((yCO * yO2^0.5) / yCO2) * (p / pref)^0.5 


|! Look up log10(K1) in EQCO2A.LUT. 
log(K1) = LOOKUPVAL(EQCO2A,2,T,3) 


// For the reaction: H2O « H2 + 1/2 O2 
K2 = ((yH2 * yO2^0.5) / yH2O) * (p/ pref)^0.5 


// Look up log10(K2) in EQH2O.LUT. 
log(K2) = LOOKUPVAL(EQH20,2, T,3) 


IT Results 


K4 7 0.06034 

K= 0.00952 

nco = 6.694 Ibmol 
nico? = 2.306 Ibmol 
nio = 0.3142 Ibmol 
noo = 0.6858 

no» = 0.00432 

x 7 2.306 

y = 0432 
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PROBLEM TI. 


lo form au eq uli krin wert hare 


Vo, м0, . for 


Km OWN : C4 Hio bores wrth 100%, Qo Ces S air 
і oic, ta ch ў - | 

at '400K ,20 4 consis hng of Coz, 0,, Но (4) , oj 

№. +20, & 2^0,,.,21€00€, = 4х 0" 


to. resten 
reac К лл es оа m 


Ес 0 / De ter илли tre lbnalauce d 
wo did applies Le the едо: 1 rion hax hare. 


х deal jas 
wita the — 


(0) AS сом о TIONS: The 
reach oA eq GOA hem t~ Coun le +e Com bor hum 


AVAL TS iS: The balanced 
OQ. vv ^t of air » 

Ca Hio + 0,5005 € 3.26921) — CO, + SHO + 24.44 M, 
Fy бә v^ bog л ш, + lOO Yo ёю CR $C ain 


Ca thio + (30, 43.7642.) > a Co, + BHLO + 2a NO + 2, NO, + Yo, + SN 


Ci 4-*« . Н! (02528, (525, 
O: тт SOtTt 20 +460 + 2% => T= 65-o.-2b 

M: 24896) = 2a 254 25 2) 5* 48, 88—a—b 
Tre mld 7 ovt 1 bee (муе ig nz 64-38-b. 


At agu librium there ane tuw veactons apple cable. 


e 
e 


4. iM «ho, 2 NO ; к= МИЕ" (-т>&#еА-2{.) 
2. Natio, Ә 2M. „ Ke &&х‚гд'° (Given) 
Accor 4р у ther oa tuw emswai thaat Фе Бума a and b: 
e 


(EN — 


2a [ 6] 
e. 


duc сымсыз 
1. 9 41% 10 | (48.#®-а- e [652-297] 
en 


2A 


vo ~b](6.5-a-26] | - 


2-1-2. 


Ф X um Komm üt b ](6. — ET 64.36 -b 


64:3§ b ES 
(2 
= ا‎ жь [z] ) 


: =H 
Solving C 16), (2) Simul Iawsovilq [evi ts TON ac T2105 bz 3:660Y10- 
The naa chu auvaha is Ha 
~ $ 
32X/0 NO 
C4 Hig + 13, (05.43.76 Ma) > 4 CO, + &H304- 3.4644 (0 Not? 2 
+ 6-432 Og t 48.362 Na. 


|. Using Kay's rale ( Seclt.8\ fo evaluate e for the Wain hu гез 
At can be confirmed thet, han. Mm +h. re la h ly hel Wry PEU 
iS — € مہ‎ a حا‎ for {la 


{Rupr faves i4ook 3 TR е Thae Were mure 
ada je? мло dot С he epu cuia, 
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PROBLEM 14.4) Cert a.) 


Altevuahve Solution Using LT. 


[Т Code 


Т = 1400 //K 
p=20 //atm 
K2 = 8.4E-10 


/| C4H10 + 13 (O2 + 3.76 N2) > 
4 CO2 + 5 H2O + x NO + y NC2 + (6.5 - х/2 - y) O2 + (48.88 - X2 - y/2) N2 
пСО2 = 4 
ПН20 = 5 
NNO = x 
nNO2 = y 
nO226.5-x/2-y 
nN2 = 48.88 - x/2 - y/2 
ntot = nCO2 + nH2O + nNO + nNO2 + nO2 + nN2 
yNO = nNO / ntot 
yO2 = nO2 / ntot 
yNO2 = nNC2 / ntot 
yN2 = nN2 / ntot 
|» pref = 1 // atm 


` //Forthe reaction: 1/2 N2 + 1/2 O2 © NO 
K1 = (УМО / (yN2^0.5 * yO2^0.5)) 
// Data from Table A-27 are stored in EQNO.LUT. 
log(K1) = LOOKUPVAL(EQNO,1,T,3) 


// Forthe reaction: N2 +202 © 2NO2 
K2 = (yNO2^2 / (yN2 * yO2^2)) * (p/ pref)^-1 


IT Results 


K4 = 0.001941 

Псо2 = 4 kmol/kmol(C4H10) 

про = 5 kmol/kmol(C4H о) 

Пло = 0.03454 kmol/kmol(C4H зо) 
Пмо2 = 0.0007319 kmol/kmol(C4H 49) 
no? = 6.482 kmol/kmol(C4H 1) 

ny? = 48.86 kmol/kmol(C4H 10) 
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PROBLEM 14.72 


wax tere at 5000°R, latu Coasistins 27 Hio(3) Ha; 62, ОН. 
Fred: De ternune the eau. li rios. Com pose fon, 
ASSUMPTION; The ideal 94‹ мло d ( applies lo the G@guilibriium buy hare. 
ANAC TSS, The diss осла бои rea Chon lias + bz Torra 
| уб © ax н + (30, + YOH + о Ha o 
| 22 Ze Yeo ey o = жыша E «= | — (0-26 -Y ) - 0/2 
D: de Be eee Sy ws !-®Ё8- = 2847/2 
The PhS amount of vut? rs nz (2 (6-3 ) + + У | 2. 
At 24 v. le hriva і Кала are burs egal ca bie react oat 
| — От» А-27. 
1, Pod. Hypa, Oe ر‎ k= 0.020) Сте 21) 


2. ho 22 Онъ Н , ky = 0.02/5 (Tes А723) 


OO ‚Т^ есе د‎ Tu Сол $ Tv ain Fx +2 de tyr nune A and xy: 


1+5 -I 


О. 02017 


/ 
ka + ¥] Ce] 2; 


[i-28-y] — 

Ja 
2 B+ 2/2 |: LS C1) 
їс ES | ак 


ith zi 


— V. f ple * 
O.c21j = селаи У] [2622 J | te Я | 
[1--8-*] жш 


v/ 
C boa Ju c) 


P i er ay | i { 
Solvir j ч (1), (2) Simul Ausersly eSa it c 3 = 0.0341, ¥ 20.06 КСЫ 
040.1, Биол Compeifvhon 1S ^¢", per leve f Hao inihallg pres 








i 0.0462 Hi, 0.0341 02 ر‎ 
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б. 06 OH, о; #715 Hy oly) { 3 


PROBLEM 19.42 (Cow d.) 


Alternative. Solution Using LT. 


T Code 
Т = 5000 //°R 
p=1 


ann 





// atm 


/ H20 > aH2* b 02 + c OH + d H2O 
1=а+ с/2 +d // H2 balance 

1/2 = b + с/2 + d/2 // O2 balance 

ntot = a + b + c + d 

yH2 = a/ntot 

yO2 = b/ ntot 

УОН = c/ ntot 

yH2O = d / ntot 

pref21 // atm 


// For the reaction: H2O < H2 + 1/2 O2 

K1 = ((yH2 * yO2^0.5) / yH2O) * (p / pref)^0.5 

// Data from Table A-27 are stored in EQH2O.LUT 
log(K1)  LOOKUPVAL(EQH20O,2,T,3) 


/| For the reaction: H2O «© OH + 1/2 H2 

` K2 = ((yOH * yH2^0.5) / yH2O) * (р / pref)*0.5 
/| Data from Table A-27 are stored in EQH2O. OH.LUT. 
log(K2)  LOOKUPVAL(EQH2O OH,2,T,3) 


IT Results 


K, = 0.0201 

K> = 0.02147 

a = 0.09828 Ibmol 
b = 0.03376 Ibmol 
c = 0.06153 Ibmol 
d = 0.8709 Ibmol 
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PROBLEM 14.73 


KNOWN: Steawm enters а heat exchanger. An ea vili b row. my wre 
Of Њо, Н.о, Hand OH exits at latm end (ajapoo K, (b)3000K. 
Ем? Determine the velar analysis of the equilib rivna mixture., 


ASSUMPTION: The equi libri um мү dore гг modeled as Aan I'd eal S ar “гу pure. 
ANALTSIS: The overall reaction has +he form 


| Ho —» Cl-a-b) Но + (ar 8 -е)н + &0,+ 2c H+ b OH 


The total numberof moles h ua the Product wixhire ñi 
We Cia —b) + (a+ Ё - c) + 2 42c +Ь |+ © + k + С 


А* equ lior: Um ر‎ three l^ dapendent reac tont relate the Components 
of tne Product "ix hre: 


l Н.о > Н, + د‎ о, 


еч ко = 5н, + or 


Rha = 2H 
Со) From Tee A-2772 at 2BOOK tne respec hve Values of 109, K аге 
109 кү: ~'658 ® К = о. оза? 
logio К = =el? = к, = 0.02377 
l9e Куг -ant AG? © ue 
Tre forms taken hy Eq. 1435 when Р/р > 1 are, рети 7 


tl 
(ab -c)($)^ f Plo ) > Buddy ale r 











кке? хач) ("acl ыы: 
/ 
u b с è. 
(Ss eH) (е vie L Уа) 
БЕ "m (~ Gab е бзи с 
2 Ye &c* 
ks = [acl ¢ PI Pag ] s ——————À 


Solving buss set of Simultrnews equahous fr a,b ard C: 


ac 0. 076754 ر‎ 62 0.0674 , ес 0013334 


The equilibrium mhire on A molar bates os then 


| ^ 65534. Њо, 6.08732. 0.038 3770) ) 0.026669 I+, 0.0671 on f а —— 
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PROBLEM 14 73 (Contd.) 
(b) From Table A-Zt- at ўооо< tHe лесбес hee Values f [04,0 (€ CAR 


log, К, = —[.344 =D ky = 0.04539 
(jy а= -iLer = kucoo0$4337 


l4, E: - 1:606 = 372002 Y7?7 
So living thea Set ^\ 4404 h eva Cea side ve d c perti] gives 


— 0.12568 j b= O.lt2J2., C= 0.03202 


“The 24 vi li Буе лм bere On e. Volar Dassis fS "b 


3 0.762 H0, 0. X402 Hı, 0.062840, , O,0C $6 H , o.u272 OH $ — — 


Alternative So Lu tum Using tT. 


IT Code 


T = 3000 //K 
p=1 // atm 


1 H2O — aH20*bH2* cO2*dH * e OH 
-atb-*d/2 // H2 balance 

1/2 = а/2 + c+ е/2 // O2 balance 

ntot=a+b+c+dte 

yH20 = a / ntot 

yH2 = b/ ntot 

yO2 = c/ ntot 

yH = d/ntot 

yOH = e/ ntot 

pref=1 //atm 


/| H20 o H2 + 1/2 O2 // Reaction 1 
/| H2O « 1/2 H2 + OH // Reaction 2 
fl H2 92H // Reaction 3 


K1 = ((yH2 * yO2^0.5) / yH2O) * (р / pref)^0.5 
K2 = ((yH2^0.5 * yOH) / yH2O) * (p/ pref)*0.5 
K3 = (yH^2 / yH2) * (p / pref)^1 


// Data from Table A-27 are stored in EQH2O.LUT, EQH2O OH.LUT, and EQH2.LUT. 
// Look up log10(K) in the appropriate tables. 

log(K1)  LOOKUPVAL(EQH2O,1,T,3) 

log(K2) = LOOKUPVAL(EQH2O OH,1,T,3) 

log(K3) = LOOKUPVAL(EQH2,1,T,3) 


ІТ Results 


Part (a): T = 2800 K 
По = 0.8719 kmol 
nio? = 0.1136 kmol 
no» = 0.03162 kmol 
пн = 0.02894 Кто! 
Noy = 0.06481 kmol 


Part (b): T = 3000 K 
Про = 0.7884 kmol 
nu» = 0.1755 Кто! 
no? = 0.04983 Кто! 
Ny = 0.07216 kmol 
Пон = 0.1119 Кто! 
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PROBLEM 14.7 < 


KNOWN : The system is a тоо - phaie liquid- орот шы аш: (a) Wwa lap aye 
100°C, (6) RIB4Q ar 20%. 


pub: U sing tabulated property data shiw that gp» 0з. 
ANALYSIS, (Ce) At 100°C , Table А- 2. giver 

We = 414.04 63/9 hae 2676.| © I Ky 

Sg 1.2004 KT к-к Sa = 7.2799 К] ‘kK 


Then, with 92 А-7 
Gps he- T Sf = 419-04 ~ (373./5)( (3004) = - 68.63 кч 

Ф 49 = ho - а з 2676.1 - (320215) .13$ 44) -46 3 Y кз [єў 
(o) At 20°C , Table A-(0 auves 

he = 77.2.6 eJlkg иа = 258.36 2169 

Sf = 0.24924 © [ка к. 34, ~O. (02. EJ/ Eg. 
мал, wih a= h- Ts 
— 8.4s1 єз/є 


4 = 77.16 – (Q4 3.17) (6.2424) < 
- €. 4.5 ees 


4 1s$.36 - (443.17 )(0.410 2-) = 


l. As develo ped t^ Sec 6.3.1 $ Sg- SE 2 Cna-hs) /T for Ow 


change in phase fv om $ Милл еф Далд to Sa Ку Ted von ov at (47. Thus 
ng 7 TS4 з We -T SL por 49^ ‚ The siegt. t. ái FFetence in the calculated 
Values of Yq and 94 owe ә table round off and ngwi hes e slight гло ису 


(X ke blé values. 


PROBLEM V4. 75. 


See the respective. roblems UA C yr l for solutions. 
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PROBLEM (4.4 


KNOWN? A phate of liquid water only rg эм equi libri ve with most arr at 20°C, thar 
FIND: Determine the departkv€, in percent, ofthe pavtral pressure of the water 


Vapor from tne бамо Мол pressure of pure water at2o. 
ScHEMATIC È GIVEN DATA 





— — — — 


۷ 
ASSUMPTIONS: (CN The 4а: phate Can be modeled а) an ideal gas. (2) The 
С) liquid prose iwvol ves water ante 


AwacrTsic: Proceeding оз in Example 14,10) the following result vs obtained 


У. exp Ny C> Psat ) Gr) 
Trat RT 


Wigh duta Low Tabte A-% at 20°C , vg =LOOI® кос WILKS) Psat: 6.62324 bar, 
50 


Fel P- Prot ) (10013 хоо"? vir] (18.62. kg | kmol) (1- 0.02339) IÒ N/m 
RT (ria м (emel e] 243.17 к) 


= 7.23 107% 
Equahm U) phen gives 
P . ex (таз nest) 
Pat Р 
$4 
= 0.00072. 


When en pressed as A percentn as +e departure of Py from Peat is 


@ сел - (t.00072-1)Cleo)2 0.072% 





|. Review note \ of Example. 14.1 
2. Review note 1 of Exauple (4.10 
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PROBLEM 14.77 
Known : Graphite and daweud exist ia eguililoriou at 25°C; Р. 


FIND: Derive an ex pression for eshmat ng the pressure P 
ми perms of Vv) 4 and XC. воал compres: hl ЧЧ K 


of each Pheoe ot 2S°C) latm. 

ASSUMPTION: Tre Soter Cowmprossib i lid K to constant with pussur e. 
АМ АССИ By EQUEST , at equildbrum F (asc, p)  $'(2 s*CG p) 
whs Gand B denote t^ molar Gibbs Fone hour sd grap 
and diamendd, а шш. 

To evaluate th molar Gibbs functions ле Luz wu & ref = 25%, 
Put = latm, реа wi To. NES балса TG fixed 

44 =V dp 


T مالا‎ differen tor of E р) Ase сво to 


Aio, o> f хед А — 
om ON XX dT — 
sv 2 (82), ар BY 
Се “KV CZ. liG?) 


о) 


K dp = Lategre him ot G xed ) 


T and oust V ar Treg, Pu) 


Ам ES -K P- Pro) 


ele 


or - 


ar (Treg, p)= T (Tog, p) expl- K Cp -Pag )) 
Cove vi то aas C0, (2), and whe 5 re Ti or 
Ё 
— - — 
Ст, p) - Cat, РК) = T C4, Pa) ESI expt-kp 8 
=- TF СА, ef) exp C CP Pag) <1 | 
қ сенин) 


— — Pd 
Tun, wih Trop = 25°C, 04 = (ate ^- fre Condi han + ai 


Ф (25'€, lam) — сың ех pl- KCP- lotw)) _ \ | = 
(3) 
(ss lars) zy VMI expl- Cote] ~i] 


2 


Esca их (3) Мао а mu 
Ones 2, ہملس‎ ut s рала а, 
25%) lahu. 


[Ceram ` Avo siu P. 24 (3)‏ ہی 
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PROBLEM 14.49 


k NOWN: Aw isolated System has two phates) A and B. Gack phase consists 


of the same tum substncet j | and 2. 

FIND: Show that condihons for equilibrium are 4: Ta: Т8, 
2. PA? Pp » 3: МА х MÈ ر‎ M^ > .مر‎ 

SCHEMATIC È GIVEN DATA: 






п, ; 
Aem ntt [omnit [E 
PIF APAPAP APO 
ASSUMPTION: (1) The {Stew shown in the accom parying f'gure is isolated. 
(2) EQ. it. 114 co) lo applicable to each phase. (3) AandB do not react with one ано Мег, 





AMALTS(S: According to Eq. 14.3 any (тосе! of an 50а е4 ?q $} e ln 
must aahs dSJeny FO. This incticates that the entropy of an isolated 
increases during Qn irreversible Process. Tach step of the process results ‘и ом 
ncvease, v the ам opa of the syShem and brings the Sysheur closer ъ е4 о кеч, 


Tre  eavilibr'vA state rs the one having Tha Mimkun value of $. The v« tore, 
when 


dSluv =0 Ct) 
there is equilibrium. 


For the isolated ما € ئ پک‎ under eretes Сои der a №, 32954 4458, 
Using Eq la to e valua te d SA and dSe pAsspech velg , we get 
e в 8 gs 
.| وتال‎ „ РА аА - rand. An n |+] 4 P ФУ, - A4 dn, - dn ) (2) 
as: | Ta + Tr ТА і Th 2 TR TA 8 5 | т 2 
For the isolated system, the tid energy to te. ( volume, and tete 
Wass fw each svublifmnce are constant: | 
А амо А n< О (3) 
d UA «+ d Ug =0, ЧУА ЧЧ 20 у dh tdn б dng +e = 
Tr bade cinq 696.09) inte E40). 
لى مل‎ ١ ولال‎ + [5 Ре 77 [4 A ^ fas" As Jane 
cus ulis WI ig и" 


Eq. (4) Shows that ги Seelerng the Maxi mum ги S the inde pendent 
Vorvriebles are "UA, Vb, W^, and W^ Я NecesSory Conds h' ons for QA WAAR Mob, 


— BS ILS aD 0 
Wr V WA 3^ 


Tre het of these condi ons requires 


iod шо шу mah — 
TA Te Y 

From Xue second | 
fa - № 20 = Ат Pa | — — 
Tk Te 


With the vemarning two Cond: oni 


| "m 
АК mboo ج‎ P ST , Mi H so D M'E 4— 
Jk т Ta "TO 
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PROBLEM 14:79 


KmowN|:; An isolated system has two phases, A and By each ef whieh Cousrsts o 
tus same ter substawes , Land 2, The phases are Separate d E e- freely 
А, ) thin wall permeable, valy d svastane 2, 


FIND : De lernune the есе еи cand bons Tov egoi libre cw 


— 


los | nase В | 
Phase A P ase Rigid, insulated werk 
S vhstance 4 Taio tance 
Substance L Substance 2. 


qo bor ae 





fv eel Moving j thin 
wall permeable only by 2. 
ASSUMPTION : GO) The Sy их consists ef 
Q = wW = O and deve 


ave ie pered hy — 


Phase A pius Phase 3 (2) For tthe Ty Stew, 
ave we kmete Гро tenhat e voy effects. (3) The phares 
freely moving ) tun Lave il [pe reela only by 2 
ANALTSIS: “Tne. &Pprepriat e- едо; lı bri vo er, екі с б 7 {ААҖ 
Qa. €Egqeahen 14,3 as 
Eq 11.142. 


case. 15 obtained 
& ©], yt О, where З= dS*4dS8 Invoking 


A 
agra T^d S4—p*dv" + MAP + A, dn," 
| m | а 
а= теч = p^ iv" m п + дё ans 


Sina te Wall » ре rmes ble only 6 Svhstawe 2 ) t^^ e eo vat | Subs tance | 
presen’ ur Rack, e Te p beeen Ca лиот чеке к doned So thon terns Loge 
(огей dropped ve dus dx pAsSSCon a love. 
CU ETE T Te Coated wer rs rigid e^. insula <, 
| А 
otk Volume PS Constant * 4ү = –4У 
-du^ 


і 


i» ^A FPES u Cougs kut ; do? 





Since. A ds conserved 


J \ 
A © zd. P. 
Ce itec Ng result | 








A 8 е -8 б 8 
— Ds "EO dy^- da an? [+ [588 er du. ou 


T^ TA T S та тё 
` ЗА В А г А R 
а ат b Tia) ane |22 - عر‎ 
- qu^. т та х d TA TE 2 T — 


Diver UAn n Cor ba vVavied voe иаи у Æ PETERE Le when 

45 |. V =O A re {әу ms سا‎ t~- paren {Каро mest Veca S і Тилке fore, 
С, 

+ le cr trivia | equi li brie are 


— 4 = B ( be v^ pg ee tu ye ra Tlr S A Lea e lan @ 6 cw P Lase) 


(D p^ = p? 


( pressure US Tne $ Ame —* RACK p bie] 


а Í ; - 2 є. 
Az = м, ( chen ex poten ha | et Substance 2 is the same 
(лл ес с р hese ) 


l. "(here is Uo reshichon on poo гс А. 
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PROBLEM 14.50 


KNOWN: Án го [ае System has tur gas phaser, A and B, each: 
ly GAS CW consis ts e AN qon aud helrow, “The p ets are Separa te 9l 
24 Cx free г bowing ر‎ than wall ре иил а (а only to arg on. Таг Һа | 
date. US provided. 

күкәй! Мена +h лага Ё a Pao ble in IY, deterunuhe te Firat ед. l brs ou 
tew pera ture у pressure, and Сомро fon vA fla two Phases, 





SCHEMATIC y GIVEN DATA ` 
LUMA Ue GEE DATA 


| Phase A Phase Q Rigid, ла la fed wall 
Ar Ar 
He à He. 
| Ar 
= 





Freely moving , thin 
Well Permeable Only by д “5 OH 
ASSUMPTIONS; (0) The idealipahous ef Problem 479 apply (A) deal gas prina ples 
apply +o th. Gar way hares, 
| А З 
ANAL 515. An energy balance reso.e3 MUS AU д Oo =O j where 


A A — A __ A کک‎ G ^, | 
DO = Car walle) + ny En (T+) J „б, a (т^) + ‚к кы tr^)] 


Ou": (nis wa (Gy) + Nn uu toe) Le Bw ual e) € Ии Wy (T )] 
2 | е 8 ipt) ut WE Mi (7р) 
Css [ne Е we мб) ~ Noe [ram (т^) - Naja Ua (T ) = Vy Lanal) - бих ut n, ( и 


— B) 
A B A 8 ToT Т )] 

" с ^ б 1 - е = 
Wo tw Naf + Иг. , f ENa + Ид, л ) where Ways - 3 2 Ид 24 7 1 Na vd | 


о: no, [Ba lte)- Galt] 4 ve Cua Op) ACT IIS 


= qx Eu РЕ "M | 

nf LUH- RO) J 4 nV Cos C) - и (072 ) 
Rw Mera s С j4ses Au = CCo AT у where 0 thes دا‎ e e eel 
afta arran ga imat | 
6 | | 
pv А A A б QN Зоок) + $( 400k) 

Quit TON — — 

— №. | А 1 б | 6 T, 
Cmca mt yt (Maye ata) E ی ا‎ 


о 


Е 7 — 8). 
“The total Volume 2 Luchanged р T uas бгл), = CU V д о 


— — 5578 =Y и )(245.7) = 04031 МЕ. 
Е p ps WATA, nT ' (qoo) „(5400 i 
р^ pa О, 2. 2. | e 
A в | 7 | "P | — 
“The final Сол т aint h Me =, at Th fru a8 Sta . With 6:141 "7 J feed f 


| A p 
becomes Yaf = WS p. T 


A A A A a TEE 
мА, $ = ru = V.) f 2 (7-4/4) —J 4 Y, , f 7 24 =) MW I$ = 5,25 
А А в 8 Apy nê [ 
Ma f+ Vy Neuf Mp {+ 3 (7-Ma, £) + 
[N € cov da oo Tw A ae مص‎ v: E L4 4 سو‎ sha Phase А Сел tains S. 2) био Z <j 


Argon and 3.0 [ct A [Geb o . Силе B CoA dni 7$ kel Л, frjeon PORE [0 (C une | ef Ned via - 
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PROBLEM (4.81 


KNOWN: Ал ideal gas wivture at T and Р Contmining Substance R is teparaied by 
o~ Semipermeable membrane from a gas phase of pure + at T aud Р. 


FInd: Detevmine the ve la ол: Игр between р and p’ for there to be no net 
want he through the Membrane. 


SCHEMATIC Ў GIVEN DATA: 


— —— — و سے 


dee nre‏ س 


== шыш permeable only tok 
| 







Tdeal gas wmivture 


T p 
Pertal pressure of 


| 
| 
| 
|| *"* Y«P 
| 
| 
| 


ASSUMPTIONS: CI) The Sys Meu гр Shown га the accom pany ing Frgure. (2) The 


Gas mix fure and the pure phase can be modeled as idea | gases. (3) The 
Membrane allows only k te pass. 


ANALYSIS: Followrng thedaseussron of fec.46,] » there would be no net 
Wansfer of K when +he Chemrcet poten vat. of K tn the loy pure 
equals the Che mit ad poten tia ( of pure к: 


Mr, mixture = Me, pure Ct) 


Wika 4.1402, /Ak, pure = 9.07% P^), and with E. 14.16, Ak mixture = 
9. (7,4 P). Tuus Eq. 0) loe со уле ‹ 


9. (т,укр) = Telp) => р'= ук Р mm 


That vs, the pressure p! of the pure phate wort equal the pertvet pressure 
of k tn the илм лге, 





PROBLEM 14.82 
KNOWN: А тугел involves (а) one Component, (и) two components, Cc) three 
Сок ponents. 


гөр: Determine the maviwem nyum ber of homoge neovs phases that 
can exist at equilibrium. 





ASSUMPTIUN: No reach takes place, 


ANALYSIS) Equation 14.68 summarizes Gibbs’ phase. rule , On rearrangement 
P224+N-F 
where N vs the nuwber of Com ponent? and P rs the number o f phases, The 
value of Р is qveatest when F, the dejrees of freedo is least: zero. 
"was, when F =0 
25 2 a N Ct) 
у Nel жу р=3. W) جد‎ Ра 4 . Ф) NTR) PES. سف‎ 
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PROBLEM 14.83 


коош: Mais: Systems аге spec ред. 
= (А20 · etevmrne +he WU tW be 

v of degrees o 
ASSUMPTION: Mo Гео стом OCtwrs. " J 4 тас 


AMALTILS: Equahm {4.68 Summar: ges Gr bbs? Phrase rule: 





F= 24 м-р с) 


Where F Y е num ber of de à 
ond P is the number ^ f dried nem кш num be rof com ponents, 


(a) ce and liquid Water : N=l, P22 
Кг 2+[|-7_ = | 


(о) ice, liqurd water, water vopor s М=\, P23 


F224/1-3=0 

C) liguid water, waker Vapor + Nat, Pst 
Ё 2 2.6.017 2 ( 

(d) water v opor only: Nat, Psy 


F> 2e4t-' =2 MEE 
water Voper) уу ares Nz2, Pel ( dry ov regarded ar a single component) 
ee eee 


(e) 
F-2«41-1*3 
(5) Itgud water, Water уо por, dry arê NU), PH Cdry air Aesarded as 


о. Single component) 
Гг: 24? 7 с 2. 


($) е, water vapor, deg aire 
о. ting le comp one) 
Ее 242-7 L 


юз 2 Psa С dry aw vesardedas 


Lv) Ma. and Oy e 1۹0°C, latha ¢ M =2, Pel, 





Р: 2+2. -1 = 3 
с) liquid and vapor phases, Cach contain in Qumom'a and waters 
N= 2. P22. 
Fs 242-2274 


© 
O) liquid mercur TT ler, Vapor phase of Mercury and Water. 


Mz: 2. , P33 
Ёз 262-3 = | 


А l e e 
Note: Water ana mercury are mm rs ble, and thus form two quid 


Phases . | — 


(к) | lA qucd acetone ond Е V or | d oce toe iud T №=2 p= > 


Fe2+2-222 
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PROBLEM 14.94 





E/N D$? Develop the phase rale for ف‎ reach'ng SyS kms, 


AKALYSIS? If theye ris a соил сл reachion Within the Sys hH, fre 
Cens h hew! are net со wp ie tel in dependent.: For example, T +. 


Cons k doesnt А, 5: €, D undergo d^ reach on 
there مص‎ an addi honat im dap endent eguahon. Ассоеасуц lu tire ee ДТ 
иерей deat 24 va hons (4 ? NCP-I) +1}. “The number “| variables СО 
Р[ю-1]+7., AS Ow p.Ge@s. di thre nomber cL ا‎ лает d; fv ee dour 
[5 mE 

p^ se (Poni) +2] -~ ENC- 

= (№ -1) auna 

ae A num ha- лл Ate ms Occur, Say 2 Peach ous, ti 
[o haa Avda Le The pern 


F= (N-r]-P+2. i 





PROBLEM l485 
kot: The gas prai Aeac pim : CHa + 420 => CO зн, 
Foo: Detarnune ua number of, Че معو‎ d freedom. 
ASSUMPTUON: There ts e single indapendent reach'on. 





AN AUTOS: Атр va thr. ase edt 4 Prellem |. $4, The number "t degaes 


^ freedom в 
Р = (т-с )- р 2. 






No. of phases 
= | 








E nd ep endent 


ол = | 


© в = (4-1) -1+2 = 4 аА 





і. — s ec. 22 с SY Stew, Own. حاو ىر‎ qve Vo. loa (c fo- 
Ty р and ha wole frac hina улаш Two 5 four Cong on . 
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PROBLEM 14.80 


ENON: Tw o cases are (den d fre d involuing a фео - phase liquors- 
са Oven m ute З 54 Stew at Rep T оа ttu p; 
Ca) T=20°C) wole frech m 4 юн vA dC ДА дога pru Фо 
w) T= 40°, pre bar > 

E (oD la ) De Ч nu wre Py bar , dk du wole ty ach и Netz w tha Мерет" 
риге. (ө) ÜOelenm v fur Wole fracha 4 Kota c Lach q Tes p^: 

ASSUMPTION: Roodtls law O applicable. 


ANALYSIS: (a) For th 4a'quid pode A wits = о. О. Thus, A ооз Hot 





=e 


Жму = о. 28. вч Raou It's е, ttre peche مہم‎ ssu ex To V op or р bore OAR 


Rou, = 0.8 Pst) Wg (25°) = 0.8 C 3.$7 62 bars ) = G. 861 bar 
NK table А-13 

— bar 

рыи = 0.2. fw (20°С) = 0: * (0.02334 bars) = 6 °°° 

KK Ta юе A 


jx Raga fors, Diei SINE б R 


AC So, bv № ieee yore ) Prot, =X bA; P . So 





| C. Sel = — ——— —Á 
O Ave, = Pen; > (ec ~- 0.۹ Хон: 


(о) The perte (чекге f a V opor р 2 хоид G give He پ؟‎ Ru 


po su; 
12 bars = Rong + Run а) 
Accor din Є Raoul+' Law _ 
E Cot-LeA - 1? 
Pons = Yt Poatwtts (40°) = Yury ( !у.<$ч4 bar ) сг) 
рау = duy Piat uv (40%) = чу, (0-078 EN bar) сз) 
A lsu № Thid- 
) 
l= юн + ч sev (4) 


E 45-00)- (4) «үз. 
la bar ^ ing (19-344 Oars) + (t- Уюн, )Co-02 269 bar ) 


$9 V 1^9) Чыну 2 o.71. e —ñ— —— — — L 


For th» ә ао prey Prony = SASH 3 OQ. Thu, €4:0) ы: d جار‎ = 0.791 
фл دمه‎ 
(о.270( 15. 544 bar ) = wis (12 bar) 


ےا 





, In eau Coon t~ Voge p eee ي‎ waly at Cv vete, 
Tu yut a vvv waty V uw یەو محا‎ pP hon ù مم‎ ut 
owing & The Rosser bl ty 4 Weep mo yw Mo ut 1Te- Co C24. 
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